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Abstract 
 
 

Social facilitation concerns the behavioural effect of ‘mere’ social presence, or how the 
presence of one individual affects the behaviour of another when they do not otherwise 
interact. Despite a long history of formal research, the mechanisms by which this 
fundamental form of social influence occur is unclear, although explanations have 
typically focused on mediators including arousal, attention and motivation. These 
phenomena are not particularly well suited to behavioural analyses which nonetheless 
comprise the vast majority of research in this field.   
 
The research reported here therefore adopted electroencephalography to examine the 
neurophysiological effects of social presence and use neural correlates of cognitive 
processes to provide insight into the mechanisms of social facilitation. The first study 
focused on the P300 component of the event-related potential, to test the viability of two 
prominent explanatory mechanisms of social facilitation, namely motivation and 
attention, as theories which focus respectively on each of these imply divergent effects of 
social presence on the P300. Results indicated social presence was associated with a 
reduction in the P300 response, consistent with attention-based theories of social 
facilitation. 
 
The follow up study therefore examined the effects of social presence on several aspects 
of attentional processing. Results indicated two general, non-task specific interactive 
effects of social presence and task learnedness on cue utilisation, whereby for unfamiliar 
tasks, social presence was associated with poorer information accumulation and impaired 
utilisation of informative cues.  
 
Given the generality of these effects, the third study focused on the impact of implied 
social presence on cognitive control. Data-driven analyses of EEG data indicated an 
attentional modulation effect whereby implied social presence appeared to enhance 
attentional processing for ‘target’ information only.  
 
Results from all studies are consistent with a modulation of attentional set associated with 
social presence (cf. cue utilisation theory). Findings are discussed in terms of the 
attentional- and motivational- effects of various forms of social presence, with particular 
focus on how and why social presence leads to attentional modulation effects as reported 
here and elsewhere.   
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Chapter One: Overview of Social Facilitation 
 

Introduction 
 

Social facilitation refers to the phenomenon that social presence impacts individual performance, 

even when the present other does not interact or compete with the performer, reinforce the 

behaviour or provide a performance standard or feedback (Guerin, 1993). In other words, social 

facilitation deals with the most minimal form of social influence (Bond & Titus, 1983); namely, 

the difference between behaviour in a social setting, and behaviour in a non-social setting.  

 

Social facilitation can be an awkward phenomenon to study, as all aspects of the social situation 

other than the mere presence of the other (i.e. the more direct effects of social presence, such as 

reinforcement, interaction etc.) must be removed or controlled for (Guerin & Innes, 1982). 

Furthermore, individuals rarely perform a task alone and then perform the exact same task under 

some minimal form of social presence in day-to-day life. Given these two points, the study of 

social facilitation can become abstract and even somewhat artificial at times. However, the 

theoretical benefits to a mechanistic explanation of social facilitation would far outweigh the 

relative lack of its direct applications. As Guerin (1993) notes; “Until social psychologists can dig 

down and find the underlying mechanisms by which people come to influence each other, the 

larger applications and conceptualizations of ‘real’ social behaviour will merely cover up 

fundamental mechanisms which are not understood” (2). I would argue that this responsibility 

should not be left squarely at the feet of social psychologists, and in fact cognitive and 

neuroscientific studies of social facilitation have made as significant a contribution to elucidating 

the mechanisms of social facilitation in the last few years alone (e.g. Belletier et al, 2015; 

Monfardini et al, 2016; Normand, Bouquet & Croizet, 2014) than has the preceding century or so 

of purely behavioural analyses.     

 

The next section provides a brief overview of the history of social facilitation research. The 

remainder of the chapter continues in the form of a historical narrative review which outlines 

predominant theories of social facilitation to date; these can be broadly classified into arousal-

based, attention-based and motivational/social value approaches (Guerin & Innes, 1984), 

although, as should become apparent throughout this review, there is a great deal of overlap 

between many theories, and they are not necessarily mutually exclusive. This review of the 

various approaches which have been taken to explain social facilitation provides a context for the 

main aims of this thesis, which are then briefly outlined at the end of the chapter.  
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Origins and Development of Social Facilitation 

 
 

 
Figure 1: Timeline of key publications in the field of social facilitation (1898-1999). Images from left to right: 

[Photograph of Norman Triplett] (n.d.), [Photograph of Floyd Allport] (n.d.), Photograph of Robert Zajonc (Cicero, 
1996). 

 
Most discussions of social facilitation will begin with the claim that Triplett’s (1898) paper, The 

Dynamogenic Factors in Pacemaking and Competition, was the earliest published social 

psychology experiment. This claim has since been disputed (e.g. Haines & Vaughan, 1979; 

Stroebe, 2012), although the influence of Triplett’s paper is undeniable. Based on observations 

that cyclists performed better (i.e. were faster) when racing with other competitors or a human 

pacemaker than in a solo condition, Triplett (1898) concluded that the physical presence of other 

competitors improved performance. This was formally tested in a follow-up study in which 

children performed a motor task (winding of a mechanical reel), either in a solo condition or in 

competing pairs. The results appeared to confirm Triplett’s hypothesis that performance in the 

paired condition would be improved relative to the solo condition (although a reanalysis of the 

results suggests they would not have reached statistical significance by today’s standards; Strube, 

2005). Triplett (1898) accounted for the effect by arguing that competitive presence liberated 

‘latent energy’ not ordinarily available.  

 

A few studies following Triplett (1898) were conducted in Germany around the turn of the 20th 

century (e.g. Mayer, 1904; Meumann, 1904, as cited in Strauss, 2002) and found broadly similar 

results for cognitive tasks (e.g. multiplication) as had been found in Triplett’s (1898) motor tasks 

(i.e. social presence seemed to improve performance). The first English-language studies 

following Triplett (1898) were not published until sometime later (Moore, 1917).  



 11

 

A series of studies conducted at Western Electric’s Hawthorne Plant in the 1920s and 1930s 

examined how changes to the work environment affected productivity. The results of these studies 

(Roethlisberger & Dickson, 1939) were initially interpreted as showing that any changes to the 

workplace environment, whether it be adjusting levels of illumination, humidity, temperature, 

food, wages and rest breaks, seemed to produce increases in productivity, leading to the 

interpretation that increased attention from researchers led to changes in the employees’ 

behaviour (Kompier, 2006; Wickstrom & Bendix, 2000). Subsequently, the so-called Hawthorne 

effect was considered an early example of demand characteristics (e.g. Adair, 1984). However, 

later reinterpretations of the so-called Hawthorne effect have suggested that the original findings 

from these studies were dubious at best (e.g. Jones, 1992; Levitt & List, 2011). A meta-analysis of 

studies into the so-called Hawthorne effect concluded heterogeneity of methods in such studies 

mean that the mechanisms and magnitudes of such effects cannot be determined (McCambridge, 

Witton & Elbourne, 2014).  

 

Heterogeneity of methods similarly hindered development of a single theoretical account of 

behavioural effects associated with social presence, for which Floyd Allport had coined the term 

‘social facilitation’, motivated by several studies he had conducted which seemed to show 

improved performance under observation for a variety of tasks (Allport, 1924). A wave of 

research followed which adopted wildly different cognitive and motor tasks in humans, alongside 

several animal studies of various species. Perhaps unsurprisingly, this chaotic research enterprise 

produced little by way of solid, replicable findings or coherent theoretical accounts (Strauss, 

2002). However, the highly variable nature of results, with some experiments showing 

enhancement of performance, and others showing detriment to performance, led researchers away 

from theories of ‘blanket’ audience effects as they began to consider the role that the nature of the 

task played in moderating the effects of social presence, in an effort to account for seemingly 

inconsistent findings. The first mechanistic explanation of social facilitation/impairment 

(hereafter, SFI) effects was formulated by Robert Zajonc, in 1965. 

 

Drive theory 
 

Zajonc’s (1965) drive theory was motivated by the variable impact of social presence on 

performance (sometimes improving, and other times impairing), and attempted to explain these 

effects parsimoniously, and mechanistically. The theory postulated that the mere presence of a 

conspecific (i.e. same-species member) causes an increase in drive, an archaic construct, roughly 

analogous to arousal (e.g. Henchy & Glass, 1968). The socially induced increase in drive was 

proposed to facilitate well-learned, habitual, dominant responses, while inhibiting unlearned, non-

dominant responses, consistent with Hullian learning theory (e.g. Spence, 1958), a popular 
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paradigm in psychology at the time. Broadly speaking, Hullian learning theory proposed the 

strength of response tendencies (i.e. or the excitatory potential of a particular response, or 

behaviour – ‘E’) is a multiplicative function of general drive (‘D’) and how well learned the 

response is (‘H’; so E = D x R). This theory was invoked by Zajonc (1965) to explain why social 

presence seemed to be associated with improved performance on relatively simple, or learned 

tasks (as increased drive facilitates well-learned responses, which tend to be correct for simple 

tasks) and impaired performance on unfamiliar or complex tasks (where the dominant response is 

usually incorrect). Zajonc (1965) provided indirect evidence for the relationship between 

conspecific presence and increased arousal in the form of positive associations between 

population density and adrenocortical activation (an index of stress, or arousal) in animal 

populations. 

 

The influence of Zajonc’s (1965) paper on the field of social facilitation cannot be overstated. It 

singlehandedly revitalised interest in the topic, which had waned since the early 20th century; 

partly due to the seemingly inconsistent nature of findings from prior research, but also because of 

World War II, following which social psychologists became understandably focused on issues 

such as obedience, social identity and the role of authority in social influence (e.g. Asch, 1952; 

Milgram, 1963). Zajonc’s theory not only seemed to unify extant findings, but also offered 

testable hypotheses. As a result, it inspired over a decade’s worth of subsequent research aimed at 

validating the central premise (i.e. that social presence enhanced the emission of dominant 

responses, while inhibiting non-dominant responses), and with a reasonable degree of success 

(Geen & Gange, 1977).  

 

The influence of Zajonc’s theory was so great, in fact, that it seemed to change the very definition 

of the term social facilitation. Rather than encompassing general effects of social presence on 

behavioural performance, it came to reflect socially induced enhancement of dominant or habitual 

responses specifically. Subsequent studies examining this effect appeared to support drive theory 

(e.g. Blank, Staff & Shaver, 1976; Cottrell, Rittle & Wack, 1967; Cottrell, Rittle, Sekerak & 

Wack, 1968; Matlin & Zajonc, 1968; Zajonc & Sales, 1966), while the empirical support for the 

mediating role of arousal in SFI effects was, on the other hand, somewhat mixed. Although a 

series of studies by Anthony Gale and colleagues (Gale, Lucas, Nissim & Harpham, 1972; Gale, 

Spratt, Chapman & Smallbone, 1975; Gale, Kingsley, Brookes & Smith, 1978) did seem to 

suggest mere social presence appeared to be associated with cortical arousal (as measured by EEG 

desynchronization) in the absence of any behavioural performance requirements, and Chapman 

(1974) found increased muscle tension during a passive listening task in the presence of audience, 

studies which measured physiological arousal (using heart rate and/or skin conductance) under 

social presence while participants performed tasks have tended to fail to find any evidence of 

arousal effects (Borden, Hendrick & Walker, 1976; Geen, 1979; Henchy & Glass, 1968). Mixed 
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empirical support aside, there are also issues of definition regarding both drive and arousal. As 

discussed thoroughly by Cacioppo and Petty (1986), arousal is a multifaceted construct, which is 

not necessarily reflected by any single physiological measure, perhaps explaining why some 

studies (e.g. using electroencephalography or electromyography) have found effects, while others 

(e.g. using skin conductance or heart rate measures) have not. There is furthermore a lack of a 

clear working definition of arousal (Andrew, 1974), so even if one assumes arousal either reflects, 

or is identical to drive (e.g. Malmo, 1958), the lack of a concrete definition of drive remains 

highly problematic for Zajonc’s theory (Guerin, 1993).  

 

The assumption of drive theory regarding the sufficiency of mere presence to elicit social 

facilitation receives some empirical support (see Guerin, 1986, for a review), with the caveat that 

such effects may be dependent in part on the uncertainty, or unpredictability of the observer’s 

behaviour. Furthermore, results suggest social facilitation effects appear far larger when the 

present other is able to observe and evaluate the performer’s behaviour, compared to when they 

are unable to e.g. due to being blindfolded (Rajecki, Ickes, Corcoran & Lenerz, 1977) or lacking 

sufficient knowledge to accurately evaluate performance (e.g. Henchy & Glass, 1968). 

 

Arguably, the greatest problem with drive theory, however, is that, as with many theories rooted 

in the behaviourist approach, it completely disregarded psychological and cognitive processes. 

Given its publication coincided with the emergence of the ‘cognitive revolution’ (Friesen, 2010), 

it was perhaps inevitable that subsequent explanations of social facilitation (described below) 

would attempt to amend drive theory by incorporating cognitive (and psychological) mediators. 

Ultimately, advocates of these latter theories questioned whether the drive construct was 

necessary at all and proposed a purely cognitive explanation may be preferable (e.g. Baron, 1986), 

given the underwhelming evidence of a relationship between mere social presence and 

physiological arousal, the increasingly outdated of the concept of drive, and the definitional issues 

associated with both terms. However, it is worth noting that contemporary characterisations of 

physiological responses to social presence (e.g. as challenge-threat response; Blascovich, Mendes, 

Hunter & Salomon, 1999) demonstrate that arousal-based explanations of social facilitation need 

not completely disregard psychological factors. Furthermore, even in the 21st century, studies in 

support of drive theory continue to be published (e.g. Platania & Moran, 2001), serving as 

reminders of its importance within the field of social facilitation. 

 

Evaluation Apprehension & Learned Drive 
 

Evaluation apprehension theory developed in opposition to Zajonc’s (1965) proposal that mere 

presence is a sufficient condition for eliciting social facilitation (as redefined by Zajonc i.e. 

strengthened response tendencies for dominant responses and weakened response tendencies for 
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non-dominant responses). According to the evaluation apprehension (Henchy & Glass, 1968), and 

broadly similar learned drive hypotheses (Cottrell, Wack, Sekerak & Rittle, 1968), the perception 

of an evaluative audience (as opposed to mere presence) is deemed necessary for social 

facilitation effects to occur. In other words, while drive theory would predict behavioural 

performance effects of inattentive, passive others, the evaluation apprehension and learned drive 

approaches propose that it is the potential for evaluation, rather than the mere presence of others, 

which increases arousal, and subsequently produces the behavioural effects associated with social 

facilitation.  

 

Stipulations of these theories are that co-present others must be attending to the observed 

individual and have necessary knowledge of the task to judge responses as correct or incorrect (in 

the case of evaluation apprehension), or elicit anticipation of positive or negative outcomes 

associated with evaluation (in the case of learned drive). Because of this stipulation of these 

theories (i.e. the importance placed on how an individual feels they are perceived by others), they 

could be considered as social value-based approaches (discussed later). However, as with 

Zajonc’s (1965) theory, drive, or arousal (terms used interchangeably by Henchy & Glass, 1968), 

is considered to be the mechanism through which socially induced behavioural performance 

effects are ultimately occur, and so they are included in this section. Despite differences in the 

necessary conditions they each proposed for social facilitation effects, these theories were 

originally considered extensions of, rather than opponents of Zajonc’s theory (so much so that the 

term Zajonc-Cottrell drive theory is used in a review paper by Weiss & Miller, 1971). This 

overlap is a consistent theme in the social facilitation literature and serves to illustrate the 

compatible and non-mutually exclusive nature of many SFI theories, as noted by several authors 

(e.g. Guerin, 1986; Uziel, 2007). 

 

The evaluation apprehension approach stems from Henchy and Glass’ (1968) study, which 

showed significant differences in dominant response strength between expert and non-expert 

presence. They used a pseudorecognition task in which 10 nonsense words were presented in 

varying frequencies (between 1 and 16 times) during a practice session. In each of the 

experimental conditions, 41 different words, including the 10 nonsense words, were presented 

under varying degrees of difficulty, which were achieved by manipulating the presentation time 

and size of the stimuli. On some trials, pseudo-stimuli, consisting of black lines arranged to 

vaguely resemble letters, were presented. The key dependent variable, and operationalisation of 

dominant response emission, was the number of times nonsense words of each training frequency 

were given as responses to pseudo-trials. There were four experimental conditions. In the alone-

recorded condition, the participant was alone in the room but led to believe their performance was 

recorded with a camera and microphone for subsequent analysis by an expert. In the expert 

presence condition, two confederates who were presented as experts in perception and learning 
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sat in the room and ostensibly evaluated and recorded the participants’ responses. In the non-

expert presence condition, two confederates were presented as undergraduate students sat in the 

room and silently observed the experiment. There was also an alone condition. Dominant 

response strength (i.e. the number of times nonsense words that were presented most frequently 

during the training session were given as responses to non-word trials) was significantly increased 

in the expert and alone-recorded conditions relative to the alone and non-expert conditions 

(which did not differ from each other). This suggests it was the evaluative potential, associated 

with the expert status of the audience that caused the effect, rather than the physical presence of 

others.  

 

Cottrell, Wack, Sekerak and Rittle (1968) used a similar pseudorecognition task, but different 

experimental conditions. As well as an alone condition, they used an audience condition (in 

which two confederates were presented as psychology students interested in the participants’ 

performance) and a mere presence condition (in which two confederates wore blindfolds). 

Significantly more dominant responses (operationalised in the same way as Henchy & Glass, 

1968) were emitted in the audience condition, whereas there was no difference in dominant 

response strength between the alone and mere presence conditions, replicating Henchy and Glass’ 

(1968) null finding regarding mere presence manipulations. Together, these studies contradict 

Zajonc’s (1965) proposal that mere presence is a sufficient condition for social facilitation (as 

non-expert physical presence in Henchy & Glass’ study was not associated with increased 

emission of dominant responses). Furthermore, given the significantly increased dominant 

response strength in Henchy and Glass’ (1968) alone-recorded condition (relative to the alone 

and non-expert presence conditions), it appears physical presence may not be necessary for social 

facilitation (in terms of increased emission of dominant responses) to occur.  

 

 

Summary of Arousal-Based Theories 

 

Zajonc’s (1965) drive theory is arguably the most influential in the history of social facilitation. It 

represented the first attempt to offer a mechanistic explanation of social facilitation and consider 

the moderating impact of task-related factors (i.e. well-learned/novel, simple/complex). However, 

a range of factors led researchers to include alternative explanations, including the theory’s 

dismissal of psychological factors, the lack of a clear conceptualisation of drive, and 

underwhelming empirical evidence for the relationship between mere presence and physiological 

arousal (Borden, Hendrick & Walker, 1976; Geen, 1979; Henchy & Glass, 1968). Nonetheless, 

physiological arousal may still represent an important mediator of social facilitation, and more 

contemporary models (e.g. the challenge-threat model of Blascovich, Mendes, Hunter & 

Salomon, 1999; described later) have attempted to integrate physiological and psychological 
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factors, with apparent success, although further research is required. Subsequent theories such as 

evaluation apprehension and learned drive retained the notion of arousal as a key mediator of SFI 

effects, although they disputed drive theory’s assertion that the mere presence of others was 

sufficient to increase arousal and instead referred to motivational factors associated with gaining a 

favourable evaluation (or avoiding a negative evaluation), in the case of evaluation apprehension, 

and the learned outcomes associated with such evaluations (in the case of learned drive theory). 

Ultimately, these theories were deemed insufficient amidst the rise of cognitive psychology and 

the coinciding decline of behaviourism. The following section outlines attention-based theories of 

social facilitation which began to emerge from the 1970s onwards.  

 

Distraction-Conflict Hypothesis & Cue Utilisation 
 

The distraction-conflict hypothesis (DCH) was the first published attempt to explain SFI effects 

primarily in terms of attentional mechanisms, although Kelley and Thibaut (1959) had proposed 

many years earlier that distraction may increase drive. Distraction is defined by the theory as 

task-irrelevant stimuli that interfere with attention to the task (Sanders, 1981), with conflict 

referring to the desire or obligation to make two mutually exclusive responses either 

simultaneously, or with inadequate time or resources for both (Baron, Moore & Sanders, 1978). 

Social facilitation (or impairment) is therefore particularly likely to occur when there is a salient 

incentive in attending to the co-present individual (e.g. to obtain performance information from a 

competitive co-actor, or monitor the response of an expert evaluative audience to one’s own 

performance), and when attentional conflict is likely to have a significant effect on performance 

(e.g. during complex or unfamiliar tasks). In this sense, DCH is broadly compatible with drive 

theory, as they both predict socially induced improvement for simple, or familiar tasks (described 

below), and impairment for complex, or unfamiliar tasks. However, while drive theory (as well as 

evaluation apprehension and learned drive theories) view arousal as the primary mediator of 

social facilitation, DCH suggests attention is the mechanism most responsible for SFI effects. 

 

The first study to explicitly examine and provide evidence for the potential for distraction to 

induce SFI-like effects was provided by Sanders and Baron (1975). Participants were required to 

perform a copying task (either a simple, letter-copying task, or a relatively complex number-

copying task), while being instructed to look away from the stimuli upon hearing a tone. This 

distraction signal occurred between 0 and 8 times per block. Consistent with DCH, there was an 

interaction between number of distraction signals and task type, such that performance was 

enhanced by distraction for the simple task, and impaired by distraction for the complex task. It is 

worth noting, however, that a replication indicated that distraction was only associated with 

impaired performance on the complex task when participants completed it before the simple task. 

When participants completed the complex task second, distraction actually appeared to enhance 
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performance, suggesting the effects of distraction are moderated by task familiarity (as are social 

facilitation effects according to drive theory).  

 

The overlap between drive theory and the DCH can also be seen in early formulations of the 

theory (e.g. Baron, Moore & Sanders, 1978), in which attentional conflict associated with social 

presence was proposed to be the cause of increased drive, allowing for consistency with drive 

theory and the wider literature. The counterintuitive and seemingly paradoxical notion of 

distraction being associated with improved performance for certain tasks can be reconciled with 

the concept of cue utilisation (Geen, 1976), whereby a reduction in the availability of attentional 

resources (typically due to increased stress, or arousal, but also potentially as a result of 

distraction) results in a restriction of attentional focus so that the processing of peripheral 

information is reduced, while processing of central cues is enhanced. Information may be 

considered spatially peripheral, such as cues presented laterally with regards to a central fixation 

(Baron, 1986), or peripheral with regards to task-relevance (e.g. the semantic content of a Stroop-

task stimulus). According to cue utilisation theory (in the context of the DCH), for simple tasks 

which require only a small number of stimuli, and/or tasks in which the dominant response is 

generally correct, this filtering of task-irrelevant information is associated with improved 

performance as the influence of task-irrelevant, peripheral cues is reduced. However, for tasks 

requiring a higher level of attentional resources, or attention to a wider range of perceptual cues, 

attentional conflict and narrowing impairs performance, as not all the goal-relevant information 

can be sufficiently processed. 

 

The concept of cue utilisation allows DCH to be tested directly against drive theory by examining 

the effect of social presence on a task in which the dominant response tends to be incorrect. 

Huguet, Galvaing, Monteil & Dumas (1999) note that the Stroop task is ideal for this purpose, as 

the word reading response is generally considered to be automatic, yet is incorrect in a standard 

Stroop task, while the correct, colour naming response is effortful and controlled. As drive theory 

predicts stronger response tendencies for the dominant (and in this case, incorrect) response, 

social presence is expected to impair performance (i.e. increase Stroop interference, or the 

difference in reaction times between incongruent Stroop stimuli, and control stimuli). DCH, on 

the other hand, predicts reduced processing of peripheral cues (i.e. semantic content, which is 

task-irrelevant) due to a distraction induced restriction of attentional, and therefore improved 

performance (i.e. reduced Stroop interference).  

 

Huguet et al (1999) therefore examined the effect of various types of social presence on Stroop 

task performance, with Stroop interference (i.e. the difference in reaction times for incongruent 

Stroop trials, such as the word ‘BLUE’ printed in red ink, and control trials, such as ‘++++’ 

printed in red ink) serving as a measure of cue utilisation. Participants completed the task either 
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alone or in the presence of an inattentive/busy (i.e. reading), invisible (i.e. sat behind the 

participant) or attentive (watching the participants' performance) same-sex confederate. Results 

indicated Stroop interference was significantly reduced when participants performed the task in 

the confederate’s presence, compared to completing the task alone, and this was due to improved 

performance on incongruent trials in these conditions, rather than impaired performance on 

control trials. Furthermore, interference was lowest in the condition in which the observer was 

attending to participants’ performance, while the presence of an inattentive confederate produced 

similar results to the control (alone) condition. 

 

While these results provide support for an attention-based view of social facilitation, some of the 

findings are also compatible with certain aspects of other theories. For example, evaluation 

apprehension and learned drive theory would predict significant differences to be found for the 

attentive and invisible audience conditions, relative to the alone and inattentive audience 

conditions (which would not be expected to differ from each other), and indeed, this is what was 

found by Huguet et al (1999). However, as these theories, like drive theory, would predict 

facilitation of the dominant response (word reading) and therefore increased Stroop interference, 

they are also difficult to reconcile with the findings. Nonetheless, there is some compatibility 

between cue utilisation and arousal-based theories of SFI, and in fact, cue utilisation is explicitly 

proposed to be particularly likely to occur under conditions of heightened arousal (Easterbrook, 

1959). A concrete example of this is “weapon focus”, where witnesses to crimes involving armed 

perpetrators appear to fixate on the weapon to the extent that recall for other details is diminished 

(e.g. Loftus, Loftus & Messo, 1987). Adopting a cue utilisation approach to social facilitation 

therefore by no means excludes the possibility that increased arousal contributes to attentional 

focusing, and is in fact, the two are entirely compatible. The tenets of drive theory regarding the 

facilitation of dominant responses, is however directly contradicted by Huguet et al’s (1999) 

findings. 

 

The validity of Huguet et al’s (1999) interpretation of their findings (as supportive of an 

attentional model of social facilitation) has, however, been questioned by some researchers. 

McFall, Jamieson and Harkins (2009), in arguing for a motivational explanation of social 

facilitation, proposed Huguet et al’s (1999) findings were due to participants applying an effortful 

corrective process to overcome Stroop interference. They therefore manipulated the amount of 

time participants were given to respond, predicting that if there was insufficient time for 

participants to apply the corrective procedure, then the apparent benefit associated with evaluative 

pressure would be diminished. In McFall et al’s (2009) study, their evaluative pressure 

manipulation did not involve physical social presence; half the participants were told individual 

results would be analysed, while the other half were told the experimenters were interested in the 

average performance of the sample and individual results would not be analysed. Consistent with 
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their predictions, they found that when participants were given up to two seconds to respond, 

evaluative pressure was associated with significantly faster response latencies. However, when 

participants were given only 750ms to respond (shorter than the average response latency for any 

experimental condition in Huguet et al’s study), there was no difference in response latencies 

between the conditions, and participants subjected to evaluative pressure in fact committed more 

errors. McFall et al (2009) do not report the effects of evaluative pressure on Stroop interference 

specifically (i.e. the difference in response latencies for congruent and incongruent trials). 

Nonetheless, the results do appear problematic for an attentional focusing interpretation of Huguet 

et al’s (1999) findings, as such an effect should not be moderated by the length of time 

participants are given to respond. If anything, it could be argued (as it is by McFall et al) that 

narrowed attention could represent a greater benefit at shorter exposure durations.  

 

An alternative explanation for Huguet et al’s (1999) findings is also provided by Klauer, Herfordt 

and Voss (2008). They found reduced Stroop interference for audience, relative to alone 

conditions, but their analysis suggested that this resulted from mechanisms operating at the level 

of task selection, and not due to cue utilisation. The purpose of this study was to examine the 

seemingly unusually large Stroop interference found by Huguet et al (1999) in their alone 

condition. Klauer et al (2008) noted that Huguet et al (1999) had instructed participants to form an 

impression of the Stroop task, which was intended to hide the true purpose of the study, but 

inadvertently created a dual-task situation (as participants were required to perform the task, while 

also forming an impression of it). It was suggested that introducing an audience caused 

participants to focus on the primary (Stroop) task and to neglect the secondary (impression 

formation) task, and this was the reason for the differences in Stroop interference between 

conditions, rather than any effect of attentional narrowing.  Their results supported this 

hypothesis; when adopting a dual-task paradigm, the high Stroop interference from Huguet et al’s 

(1999) study was replicated. When the secondary task was removed, the beneficial effect of an 

audience on Stroop task performance was greatly reduced.  

 

In summary, DCH and attentional focusing (cf. cue utilisation) seem uniquely positioned to 

explain certain aspects of social facilitation that other approaches would struggle to account for. 

For example, behavioural social facilitation effects do not appear to occur when attentional 

conflict is minimised, or eliminated, even if evaluative pressure and physical presence are held 

constant (Baron, Moore & Groff, 1983; Sanders, 1978). The theory is also bolstered by findings 

showing effects of non-social distractions on Stroop task performance that resemble social 

facilitation effects (e.g. Hartley & Adams, 1974; Houston, 1969; O’Malley & Poplawsky, 1971). 

However, there are some outstanding issues with DCH, including the extent to which it can 

actually be disproved, given the complexity of the causal sequence specified (Sanders, 1986) and 

the difficulty in accurately assessing distraction itself (Guerin, 1993). However, by using 
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objective measures of attentional processes (e.g. computerised cognitive experimental paradigms) 

and their neurophysiological correlates, these issues which were previously significantly 

problematic for DCH can now be addressed, and the role of attention in social facilitation can be 

thoroughly examined. 

 

Control Systems Model 
 

Another approach that has been taken to understanding social facilitation in terms of attentional 

(and motivational) processes is considering how social presence can affect self-awareness. While 

Duval and Wicklund (1972) had noted that audience presence may induce an aversive increase in 

self-awareness, Carver and Scheir (1981a) propose the most sophisticated model of how self-

awareness could mediate social facilitation (Guerin & Innes, 1984). Their approach is derived 

from control theory (e.g. Lee & Markus, 1967) and argues discrepancies between current and 

desired outcomes (which may be socially prescribed or derived from goals or information 

contained in experimental instructions) trigger a Test-Operate-Test-Exit (TOTE) procedure which 

runs repeatedly until discrepancy is minimised. The ‘Test’ state is a comparison between the 

current and goal state. If this comparison reveals a discrepancy, the ‘Operate’ stage is launched, 

which invokes motivational and behavioural changes to reduce this discrepancy. This Test-

Operate-Test loop is proposed to run until the desired behaviour is achieved, at which point it 

stops (i.e. it is exited). Although control theory had already been applied as a model of motivated 

behaviour (e.g. Toates & Archer, 1978), it was applied by Carver and Scheir (1981a) to social 

facilitation and illustrates the overlap between attention and social value processes (described 

below) insofar as self-directed attention is increased as a result of a motivation to adhere to 

socially desirable goal-states (e.g. projecting a positive image and being seen by others as 

competent). 

 

Self-directed attention is seen as necessary to trigger the TOTE procedure, and as such is 

proposed to be a key mediator of social facilitation effects. As the presence of others reminds 

subjects of themselves, their present state and the established standard (Carver & Scheier, 1981b), 

any discrepancies between current states and goal states become particularly salient (due to social 

value and impression-management type effects; see below).  

 

An important implication of this theory is that any increase in self-awareness is sufficient for 

activating the TOTE procedure. Studies in which self-awareness is increased through non-social 

means (e.g. by using mirrors or playing participants recordings of their own voices; Carver & 

Scheier, 1978; Geller & Shaver, 1976; Wicklund & Duval, 1971) seem to suggest that such 

conditions are indeed associated with social facilitation-like effects (i.e. improved performance; 

but see Innes & Young, 1975). Furthermore, increasing self-awareness (e.g. by playing some 
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participants recordings of their own voice, and playing others recordings of other people’s voices) 

seems to reduce the occurrence of behaviours which tend to be regarded as socially undesirable, 

such as cheating (e.g. Diener & Wallbom, 1976; Vallacher & Solodky, 1979). 

 

While DCH/cue utilisation suggests close links between attention and arousal, Carver and 

Scheir’s (1981a) theory offers suggestions for how (self-directed) attention interacts with higher-

order social factors in the context of social facilitation, as the theory proposes the mechanism 

underpinning social facilitation is ultimately a motivation to conform to a standard (Carver & 

Scheier, 1981b). Duval and Wicklund (1972), on the other hand, agreed that self-directed 

attention could explain social facilitation, although they assumed a mediating drive-state, unlike 

Carver and Scheier (1981b). The overlap between DCH and drive theory on the one hand, and 

self-awareness theory and social value theories on the other hand, once again demonstrates that 

extant explanations of social facilitation are by no means mutually exclusive. 

 

 
Summary of Attention-Based Theories 

 

Despite a good deal of theoretical justification, and some preliminary supporting evidence, the 

role of attention in social facilitation remained relatively under-researched until recently. This 

may have been due to difficulties in capturing attentional processes using purely behavioural 

methods (Cacioppo & Petty, 1986). Increased availability and accessibility of neuroscientific 

methods (e.g. fMRI and EEG) and computerised cognitive experimental paradigms in the years 

since the above theories were originally proposed presents an opportunity for the role of attention 

in social facilitation to be examined in more detail than was possible. Indeed, research into the 

attentional aspects of SFI effects has increased dramatically in the last few years (see Discussion 

section, Chapter 3). 

 

It is also worth reinstating the compatibility of the theories outlined in this section with those 

discussed elsewhere in this chapter i.e. arousal was retained as an important mediator of SFI 

effects in early iterations of the DCH, while social value factors are an important component of 

Carver and Scheier’s (1981a/b) self-awareness theory. Nonetheless, some research suggests that at 

least some of the assertions made by different theories can be dissociated and appear to support an 

attention-based approach to social facilitation e.g. Stroop task data appears to favour cue 

utilisation while contradicting drive theory’s prediction regarding the role of response hierarchies 

in SFI.  
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Self-Presentation & Social Value 
 

The final group of social facilitation theories regard what Guerin and Innes (1984) refer to as 

social valuation processes i.e. the social value ascribed to certain behaviours, such as performing 

well on a given task.  

 

Bond’s (1982) self-presentational approach to social facilitation argues it is the desire to present a 

positive, and competent, self-image that explains social facilitation on easy tasks, and potential 

embarrassment from failure that can explain social inhibition of more complex tasks. This 

assumption was tested by using two specially designed tasks; a predominately easy task which 

included a few complex items, and a predominately complex task which included a few simple 

items. Whereas drive theory would predict item-specific effects of social presence (i.e. improved 

and impaired performance for simple and difficult items respectively), the self-presentation view 

predicts task-wide effects. This is because embarrassment should result from predominately 

negative feedback (as in the generally complex task), resulting in performance impairment, 

whereas when predominately positive performance feedback is received (as in the generally 

simple task), no such performance impairment would be expected. Learning of complex items 

embedded in simple tasks was found to be unaffected by social presence, contrary to the 

predictions of drive theory, and consistent with the self-presentation view. 

 

Guerin and Innes (1984) also consider evaluation apprehension (Henchy & Glass, 1968) and 

learned drive (Cottrell, Wack, Sekerak & Rittle, 1968) hypotheses as examples of social value-

based theories, as they share the social-motivational component of Bond’s (1982) self-

presentation view; they are considered arousal-based theories here as, in both those theories, 

arousal is proposed to be the mechanism through which social facilitation ultimately occurs. 

However, they share with Bond’s (1982) theory an emphasis on the role played by the motivation 

to present a positive self-image, and avoid negative evaluations, in producing social facilitation 

effects. While social value factors are evidently crucial in determining behavioural responses to 

social presence, this does not in itself explain how social facilitation occurs. Ultimately, some 

mechanism must be invoked to produce behavioural changes, whether that be physiological 

arousal (in the case of evaluation apprehension theory), or cognitive constructs, such as 

expectations related to evaluation (in the case of learned drive theory) and knowledge of social 

norms and socially-valued behaviours (in the case of Bond’s self-presentational view). However, 

behavioural studies which comprise the vast majority of social facilitation research in the 20th 

century are not particularly well equipped to elucidate such mechanisms. While some studies have 

adopted physiological measures (with fairly weak support for arousal mediating social facilitation; 

Bond & Titus, 1983), measures of neural activity are yet to be applied to the social facilitation 

phenomenon. It is proposed here that this is a significant gap in the literature; the examination of 
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the effects of social presence on neural activity should provide greater insight into the potential 

underlying mechanisms than can behavioural analyses alone. All studies reported in this thesis 

therefore use electroencephalogram (EEG) recordings alongside behavioural measures with the 

explicit aim of contributing to a mechanistic understanding of social facilitation. EEG is 

particularly well suited to examining the cognitive processes that occur between stimulus 

presentation and response emission, given its high temporal resolution. 

 

In summary, the clear overlap between the different classes of theories described so far suggests 

that many approaches to describing and explaining social facilitation are not mutually exclusive, 

and are, in many cases, in fact compatible with one another. It is entirely plausible, as suggested 

by Guerin (1986) that the main theories of social facilitation merely describe different levels of 

the same process. The next section briefly outlines findings from social facilitation research in the 

21st century, which continues to provide insightful results and generate models of social 

facilitation, although a comprehensive theory is yet to be validated. 

 

Social Facilitation Theory & Research in the 21st Century 
 

 

 
Figure 2: Timeline of key publications in the field of social facilitation (1999-Present) 
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Mere Effort Account 

 

The mere effort account is an explanation of the evaluation-performance relationship, rather than 

a theory of social facilitation per se. However, Harkins (1987) notes that evaluative potential and 

mere presence may each contribute to social facilitation effects. As noted by Markus (1981), true 

‘alone’ conditions are rare in experimental settings, as participants are often aware of both the 

experimenter’s presence (even if they are out of sight of the participant) and the evaluative 

potential of the situation (as behavioural performance is almost always recorded and analysed). 

When the experimenter is physically present, evaluative potential is made more salient, and 

Harkins (1987) argues that it is the increased evaluative potential, rather than the physical 

presence of the experimenter which produces social facilitation effects. Thus, the mere effort 

account, while addressing evaluative potential rather than mere presence, nonetheless aims to 

provide an explanation of social facilitation effects. 

 

The mere effort account argues that evaluative pressure increases motivation to perform well 

results from the potential for evaluation (Harkins, 2006), which potentiates the prepotent response 

(cf. drive theory). These responses, if incorrect may be inhibited in favour of the correct response, 

given sufficient time to do so, and assuming the participant knows what the correct response is, as 

well as whether their responses are correct or incorrect. Hence, when time constraints are 

introduced which limit participants to correct the incorrect prepotent response, performance 

benefits associated with evaluative presence (e.g. reduced Stroop interference; Huguet et al, 1999) 

should be diminished. As described above, this is what was found by McFall et al (2009). In this 

study, the mere effort account was also tested in an eye-tracking paradigm (anti-saccade task; 

experiment 4), in which evaluated participants made more incorrect saccades (in response to 

uninformative spatial cues) but also corrected them faster, resulting in improved overall 

performance for evaluated vs. non-evaluated participants. These findings were consistent with the 

mere effort account, but not attentional focusing, which would predict fewer incorrect saccades 

towards uninformative (i.e. peripheral) cues. 

 

 

Challenge-Threat Response 

 

Blascovich, Mendes, Hunter and Salomon (1999) proposed a biopsychosocial model of challenge-

threat response in an attempt to explain social facilitation effects. Broadly speaking, challenge 

responses are associated with goal-relevant situations in which an individual has, or feels they 

have, sufficient resources to complete the task adequately. When an individual lack, or feels they 

lack, sufficient resources to match the task demands, a threat response is elicited. Each state is 

marked by distinct cardiovascular patterns, with challenge associated with increased cardiac 
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response and decreased vascular resistance, while threat is associated with increased cardiac 

response and increased vascular resistance (Blascovich & Tomaka, 1996). Several situation-

related dimensions are proposed to underlie demand appraisals. For example, the presence of 

conspecifics may elicit vigilance to potential dangers (cf. social monitoring; Guerin & Innes, 

1982) or uncertainty which affects resource appraisals. Consistent with this, situational novelty 

had been shown to elicit threat responses in a prior study (e.g. Blascovich et al, 1993). 

 

In their study, Blascovich et al (1999) found participants who performed a well-learned task in the 

presence of others (two unfamiliar undergraduate confederates) fit the challenge pattern, while 

participants performed an unlearned task in the presence of others fit the threat response. There 

was no deviation from baseline for participants in an alone condition, regardless of task difficulty. 

Behavioural data also conferred with the classic social impairment effect of impaired performance 

on the unlearned task.  

 

The threat-challenge model is unique among explanations of social facilitation in the sense it 

parsimoniously links arousal, cognition and motivation. Challenge-threat is conceived as a 

motivational state which arises from cognitive factors (i.e. appraisal of available resources and/or 

task demands) and produces a distinct physiological response pattern. It is therefore broadly 

compatible with and extends arousal-based theories of SFI effects, in providing an explanation of 

the physiological responses to social presence. It is also compatible with attention-based theories 

(e.g. DCH), as social presence is proposed to consume attentional resources as increased effort, as 

a result of attentional conflict, increases the appraisal of demand. 

 

 

Cognitive-Neuropsychological Model 

 

Wagstaff et al (2008) note that the types of tasks associated with social facilitation and inhibition 

bear similarity to those requiring executive, frontal processing, and nonexecutive, more posterior 

processing, respectively. They hypothesise that presence of conspecifics, especially strangers, 

represents a threat and may therefore necessitate careful monitoring of the environment (cf. 

Guerin & Innes, 1982), engaging frontal executive systems, and also potentiating more automatic 

functions (e.g. those related to the ‘fight or flight’ response). It is worth noting that this approach 

is broadly consistent with both drive theory (e.g. it predicts the facilitation and inhibition of 

performance on tasks requiring relatively automatic and unlearned responses respectively) and 

with attention-based theories (due to its emphasis on neurocognitive processes and implications of 

reduced attentional resources available for the primary task due to the need to monitor the 

environment). This approach resembles Manstead and Semin’s (1980) capacity model, which 

distinguishes tasks requiring cognitively controlled processing from those requiring automatic 



 26

processing, although Wagstaff et al’s (2008) model expands on this idea by specifying the neural 

generators underlying these controlled and more automatic processes. 

 

Results of a word generation task showed participants in the alone condition produced more 

phonemic and semantic switches (indexes of verbal fluency which are seemingly underpinned by 

frontal, executive functions) than participants in the group conditions. Conversely, cluster size 

(i.e. the number of words generated for a specific semantic category), which is thought to rely 

more on nonexecutive, temporal processing, was increased for those in the group conditions, 

compared to the alone participants.  

 

It is interesting to note the parallels with Beckes and Coan’s (2011) discussion of frontal 

hypoactivation in the context of Social Baseline Theory (SBT). Here, the authors discuss the 

relatively high metabolic cost of pre-frontal cortical functioning, which may be offset by social 

proximity. For example, presence of supportive others (e.g. close friends, romantic partners, 

family members etc.) may reduce the reliance of any given individual on their own executive 

functions to vigilantly monitor the environment, as this task can be shared among the group, thus 

accounting for reduced frontal activation under social presence emphasised by Wagstaff et al’s 

(2008) model. However, while this would account for frontal hypoactivation in the presence of 

familiar or supportive others, one would expect that in potentially stressful social contexts (e.g. 

being evaluated by a stranger, as is generally the case in social facilitation studies) one would 

expect increased vigilance and monitoring of the environment, and therefore increased frontal 

activation. The moderating impact of familiarity of the observer has not yet been researched. 

 

Individual Differences 
 

It seems intuitive that individual differences in certain personality traits (e.g. anxiety, extraversion 

etc.) may moderate social facilitation effects i.e. some people seem to thrive under the ‘social 

spotlight’, while others wither. However, individual trait differences have been largely overlooked 

in the social facilitation literature, with no extant theories explicitly specifying a moderating role 

of personality traits. Nonetheless, a moderating role of individual differences is clearly compatible 

with several of the theories discussed so far. For example, under the challenge-threat model 

(Blascovich, Mendes, Hunter & Salomon, 1999), it is appraisal of resources which determines the 

physiological response, rather than actual skill or competency. Thus, a perfectly competent 

performer may perceive task performance as threatening if they view themselves as unable to 

perform the task to a desired standard (e.g. they have low self-esteem, or have traits associated 

with perfectionism), while a relatively incompetent individual may not experience a threat 

response on the same task if they believe themselves to be competent (i.e. have high self-esteem). 

Similarly, the extent to which an individual’s attention becomes self-focused in response to social 
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presence (Carver & Scheier, 1981a) may depend of factors related to social anxiety, given that a 

phenomenological sense of increased social attention (the spotlight effect) is a common 

characteristic of social anxiety (e.g. Beidel, Turner & Dancu, 1985; Stopa & Clark, 1993; Woody 

& Rodriguez, 2000; Woody, Chambless & Glass, 1996), and this is exacerbated in socially 

evaluative scenarios (Brown & Stopa, 2007).  

 

The importance of the moderating influence of individual differences in social facilitation, while 

having been largely overlooked by theory and research, was examined in a meta-analysis by Uziel 

(2007). This analysis focused on self-esteem, extraversion and trait anxiety, as the author 

proposes these traits specifically comprise an individual’s social orientation (with a positive 

orientation comprised of high extraversion, high self-esteem and low trait-anxiety, and negative 

orientation comprised of low extraversion, low self-esteem and high trait-anxiety). Only 14 

studies were found which were deemed appropriate for inclusion, highlighting just how under-

researched this aspect of social facilitation is. Furthermore, social presence was defined broadly in 

this review, and as such included studies used a variety of experimental manipulations, including 

passive observers, co-actors, mirrors and video cameras. The majority of these (i.e. all but 3) 

studies also did not include a true alone condition. 

 

Uziel’s (2007) analysis suggests the predictive power of these traits on social facilitation effects 

was highly significant. In comparison, the predictive power of task complexity, which has 

generally been considered one of the key moderators of social facilitation effects (e.g. Zajonc, 

1965) was negligible. Thus, despite the scarcity of relevant research, as well as the 

methodological issues prevalent in many of these studies, the results of Uziel’s meta-analysis 

highlights the need for future research to consider the moderating role of individual trait 

differences on behavioural, cognitive and physiological effects of social presence. A complete 

theory of social facilitation effects therefore needs to acknowledge, or at the very least be 

compatible with a moderating role of individual trait differences, including, but likely not 

restricted to, self-esteem, extraversion and trait anxiety. 

 

Summary 
 

In summary, explanations of social facilitation have broadly focused on three classes of 

mediators, related to arousal, cognitive (generally, attention) and motivational/social value 

factors. On the whole, they are not mutually exclusive, and extant theories recognise the multi-

faceted nature of SFI effects; for example, the challenge-threat model (Blascovich et al, 1999) 

describes motivational states with physiological correlates, and also incorporates cognitive factors 

(i.e. appraisals). DCH (e.g. Groff, Baron & Moore, 1983) regards changes in both arousal and 

attention as critical in producing social facilitation, while the learned drive and evaluation 
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apprehension approaches emphasise both arousal (drive) and motivational factors. However, 

many of these theories have not been thoroughly examined empirically. Furthermore, social 

presence is likely to elicit a variety of changes at each level depending on contextual and 

individual factors. It is therefore unlikely that any single mechanism will be able to predict and 

account for all behavioural effects associated with social presence. Given arousal and attention 

(which are themselves intrinsically linked; Coull, 1998, Pibram & McGuinness, 1975) are 

unlikely to have overt behavioural correlates (Cacioppo & Petty, 1986), a fruitful avenue for 

future research and theory is therefore to adopt non-behavioural measures (particularly 

neurophysiological) alongside behavioural data in order to develop an understanding of how 

particular socially induced behavioural effects (facilitation/impairment) are related to cognitive 

and physiological factors.  

 

Conclusions 
 

This chapter outlines the theories of social facilitation that have been proposed since Zajonc 

(1965) offered the first mechanistic explanation of the phenomenon over half a century ago. The 

impression that emerges from this review of a somewhat fragmented literature is that the main 

obstacles to a unified account of social facilitation may be methodological (e.g. reliance on 

behavioural analyses for constructs which may lack an overt behavioural component, such as 

arousal and attentional processes; Cacioppo & Petty, 1986), rather than any inherent incompatibly 

between various theories. In fact, it is argued that under a biopsychosocial framework (e.g. 

Blascovich et al, 1999), many of these theories become complementary, although cognitive 

mechanisms, particularly attention, require further research. The compatibility of existing theories 

has occasionally been noted in the literature (e.g. Sanders, 1981); nonetheless, there has been little 

by way of attempting to reconcile explanations within a single framework. 

 

This thesis aims to contribute to the social facilitation literature by thoroughly examining the 

effects of social presence on various attentional processes and their neural correlates. This will be 

achieved by utilising a neurophysiological measurement technique (i.e. electroencephalography), 

alongside cognitive experimental paradigms such as the Attention Network Test (Study 2), which 

assesses the efficiency of anatomically, and functionally distinct attentional networks, and the 

AX-CPT (Study 3) which measures the extent to which individuals vary in their utilisation of 

different modes of cognitive control. The moderating role of individual trait differences (in social 

orientation; Uziel, 2007) on neurophysiological responses to social presence will also be 

considered for the first time. Only by increasing diversity in the methodological approaches 

applied to social facilitation can progress be made in understanding its causes and functions 

(Guerin, 1993). By adopting neurophysiological and individual difference measures in tandem 

with behavioural analyses, this thesis aims to elucidate attentional mechanisms of social 
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facilitation, which despite being one of the oldest problems in social psychology, is still relatively 

poorly understood.  
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Chapter Two: The Effect of Mere Presence on Task-Directed 

Attention 
 

Executive Summary 
 

The effects of mere social presence on the event-related potential (ERP) were examined, with 

particular focus on the P300; due to its positive correlation with both attentional engagement and 

motivation, the effects of mere social presence on P300 amplitude may offer insight into the 

potential contributing mechanisms of behavioural social facilitation (SF) effects. According to 

attention-based theories of SF (e.g. Distraction-Conflict Hypothesis; DCH) which posit attentional 

conflict as a primary effect of social presence, this should be associated with a reduction in P300 

amplitude. If social presence acts primarily to increase motivation/effort, then P300 amplitude 

should be increased by social presence. The effects of both experimenter presence and implied 

social (mannequin) presence on the ERP were examined using an Oddball task. Behavioural 

results indicated no difference in performance outcomes across conditions; experimenter presence 

was, however, associated with a significant reduction in P300 amplitude, while earlier 

components (e.g. P100, N100) did not differ between conditions. This finding is broadly 

consistent with attentional theories of SF (in particular, the DCH), and is discussed in terms of the 

attentional effects of social presence.  

 

Overview 
 

The previous chapter described various theories of social facilitation/impairment (SFI) effects and 

outlined some of the mediators which have been proposed to account for the effects of social 

presence on task performance. The primary purpose of the chapter, asides from providing the 

reader with an overview of extant theories of SFI effects, is to convey the idea that all of the 

proposed mediators have at least some theoretical, and often also some empirical evidence. The 

small body of empirical evidence which supports many of these theories means that despite a 

number of potential physiological and cognitive mediators of SFI effects, there remains a lack of 

understanding into how social presence mechanistically impacts task performance. This is 

particularly true for attention-based theories, the origins of which can be traced to the distraction-

conflict hypothesis (DCH), first proposed by Baron, Moore and Sanders (1978). While there have 

been several relatively recent studies which substantiate the role of attention in SFI effects (e.g. 

Huguet, Galvaing, Monteil & Dumas, 1999; Monfardini et al, 2016) there nonetheless remains a 

distinct lack of research which has specifically addressed the question of how social presence 

impacts attentional processes. Furthermore, of the few studies which have addressed this question, 
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there remains virtually no research which has investigated how social presence impacts neural 

correlates of attention in humans. 

 

The current study measured neural activity with electroencephalogram (EEG) recordings during 

solo and observed performance of an Oddball task, an experimental paradigm which assesses low-

level focused and sustained visual attention. There are several event-related potential (ERP) 

components which are elicited during an Oddball task and can provide information about 

underlying perceptual and attentional processes that would not be attainable from behavioural 

data alone; while behavioural indices (e.g. reaction times) are a composite of multiple processes 

including stimulus encoding, perceptual decision processing, response preparation and execution, 

ERP components (due to the high temporal resolution of EEG) can trace these individual 

perceptual and post-perceptual processes as they unfold (Kappenman & Luck, 2011). The specific 

ERP components of interest (with regards to the current study) are briefly described below. 

Broadly speaking however, this study addresses the extent to which social presence impacts 

attentional allocation to a task. If, as proposed by attention based SFI theories, social presence 

draws attention away from the task (e.g. by initiating environmental monitoring, as proposed by 

DCH, or through increasing self-awareness, as proposed by Carver and Scheier, 1981), one would 

expect the amplitude of early ERP components elicited by experimental stimuli to be reduced (see 

Mangun, 1995, for a review on the relationship between early ERP components and visual 

attention). On the other hand, if attentional allocation to task-related stimuli is increased by social 

presence (as one would expect under a motivation-based account of SFI effects e.g. Harkins, 

2006), then one would expect to see an increase in early ERP components for task-related stimuli.   

 

Event-Related Potential (ERP) Components of Interest 
 

As all studies reported in this thesis include analyses of event-related components (ERPs) 

obtained through EEG recordings, it is worth briefly describing the various ERP components 

which will be analysed. While a discussion of the ERP technique as a whole is beyond the scope 

of this chapter (interested readers are referred to Luck, 2014) it is considered useful to the reader 

to provide a brief overview of how ERP components are obtained and analysed. 

 

The origins of the EEG technique can be traced to Hans Berger who demonstrated in 1929 that the 

electrical activity of the human brain could be measured by placing an electrode on the scalp, 

amplifying the signal and plotting voltage changes over time (Berger, 1929). Today, rather than 

placing a single electrode on the scalp, elasticated caps containing an array of dozens, or even 

hundreds of electrodes, are used. The voltage at each electrode, measured relative to a given 

reference point (often an electrode placed on the mastoid, earlobe, tip of the nose or in the centre 

of the scalp) is measured every millisecond or so (depending on the sampling rate of the system 
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being used). The high-sampling rate of modern EEG systems, combined with the density of 

electrode arrays means that the data collected by modern EEG systems is highly multi-

dimensional, with dozens or hundreds of spatial channels, and a temporal resolution in the order 

of milliseconds. The multi-dimensional nature of the data means that in order to be meaningfully 

interpreted, some method of data reduction is required, and there are many ways in which this can 

be done. ERPs are just one such method of analysing EEG data. 

 

ERPs are generated by averaging multiple (i.e. dozens, or even hundreds of) segments of EEG 

data (referred to as epochs), which are time-locked to an endogenous event (hence ‘event-related 

potential’). Most often (and as is the case in the current study), this event is the onset of some type 

of stimulus. EEG captures not only the activity of numerous distributed neural generators carrying 

out numerous parallel cognitive processes (which may or may not be directly serving the task-

related behaviour under examination), as well as other biological signals (e.g. ocular and motor 

movements), the output from which can exceed that of cortical activity by an order of magnitudes. 

Therefore, in order for ERPs to have any functional specificity, it is necessary to average dozens, 

or even hundreds of trials together. If one assumes that any non-task related neural processes, or 

other biological signals which may be captured in the EEG recording (e.g. eye/muscle 

movements, heart-related artifacts etc.)  are more or less random, at least in relation to the event to 

which epochs are time-locked, then this task-unrelated activity will converge on zero with 

increasing number of trials (Roach and Mathalon, 2008), given EEG records voltages from the 

scalp which may be positive or negative. Therefore, given enough trials, the average stimulus-

locked EEG output will reflect only (or at least primarily) systematic (and therefore task-relevant, 

functional) neural activity. Given its high temporal resolution, EEG is particularly well-suited to 

examining early sensory, perceptual and cognitive processes. 

 

While the onset latencies, durations and general topographic locations of many of the ERPs 

discussed here are fairly well-established, there is nonetheless a reasonable amount of room for 

user bias in the ERP technique, whether this be in selecting the particular latencies, electrodes, or 

values to include in the analysis, as well as which conditions or stimuli types to compare. 

Therefore, a data-driven approach (namely, cluster-based permutation testing; described later), 

will also be used alongside the ERP analyses. Nonetheless, as particular ERPs have been shown to 

be sensitive to the very factors of interest within the context of social facilitation (namely, 

attentional allocation and motivation), an analysis of how social presence affects characteristics of 

these ERPs could provide useful and novel information regarding possible mediators of SFI 

effects. The specific ERP components which will be analysed in the current study are described 

briefly below. First, early sensory/perceptual potentials (e.g. P1/N1) are outlined, followed by 

later potentials, reflecting the cascade of cognitive operations following presentation of stimuli, 

from perception to stimulus categorisation and response selection. 
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P100 

 

P100 (hereafter shortened to P1), is a positive, visually evoked potential, peaking around 100ms 

after stimulus presentation (ERPs are conventionally named in terms of how soon after stimulus-

presentation they appear, and are often prefixed by P or N, to denote whether they are positive or 

negative). P1 is maximal over occipital areas, appearing to be generated by the ventrolateral 

prestriate cortex (e.g. Di Russo, Martinez & Hillyard, 2003; Mangun, Hillyard & Luck, 1993; 

Martinez et al, 1999), although P1 has also been proposed to reflect inhibitory thalamic inputs to 

the visual cortex (Pratt, 2011). It appears to be modulated by attention, such that its amplitude is 

larger for attended than non-attended stimuli (e.g. Mangun & Hillyard, 1991; Van Voorhis & 

Hillyard, 1977). 

 

N1 

 

N1 is a negative, visually evoked potential which follows P1, peaking around 150-200ms post-

stimulus. As with the P1, N1 amplitude has been shown to be increased for attended, compared to 

unattended stimuli and is generally considered to also be generated in the lateral extrastriate 

cortex (e.g. Gonzalez, Clark, Fan, Luck & Hillyard, 1994), although P1 and N1 appear 

functionally distinct. A study by Mangun and Hillyard (1991) showed that validly cued targets in 

a stimulus-discrimination task elicited larger P1 and N1 components than invalidly cued targets. 

However, during a simple RT task in which participants had to respond to, but not discriminate 

between different targets, P1 showed modulation from cue validity while the N1 component did 

not. This finding suggests N1 reflects more detailed perceptual processing of target features than 

P1 (Mangun, 1995). The posterior N1 component itself may reflect separable components. The 

finding that latency of the occipital-temporal N1, but not the occipital-parietal N1, varies with 

changes in stimulus luminance (Johannes, Munte, Heinze & Mangun, 1995) suggests a distinct 

occipital-parietal N1, perhaps reflecting dorsal stream activity, and an occipital-temporal N1, 

perhaps reflecting ventral stream activity. The function of posterior N1 appears to be 

amplification of perceptual discriminability (Neuhaus et al, 2010) to aid stimulus discrimination 

(Vogel & Luck, 2000).  

 

Visual Mismatch Negativity (vMMN) 

 

vMMN is an index of visual change detection, reflecting detection of even small visual changes, 

especially when such changes violate non-conscious probabilistic expectations based on repeating 

experiences. vMMN appears to occur relatively automatically (Czigler, 2007; Pazo-Alvarez, 

Cadaveira & Amenedo, 2003; Stefanics, Csulky, Komlosi, Czobor & Czigler, 2012), although it 

does appear reduced for unattended, compared to attended stimuli (e.g. Paavilainen, Alho, 
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Reinikainen, Sams & Naatanen, 1991; Woods, Alho & Algazi, 1992). vMMN has been proposed, 

relatively recently, to reflect prediction error generated by cortical areas which form probabilistic 

representations of sensory signals (e.g. Kremlacek et al, 2016; Stefanics, Astikainen & Czigler, 

2015; Stefanics, Heinzle, Horvath & Stephan, 2018; Stefanics, Krelacek & Czigler, 2014). This 

functional interpretation of vMMN reflecting prediction errors associated with implicit (abstract) 

category expectations is supported by findings showing vMMN seems to be relatively insensitive 

to physical stimulus attributes such as size, shape and spatial frequency (Pazo-Alverez, Cadaveira 

& Amenedo, 2003; Stagg, Hindley, Tales & Butler, 2004; but see Male et al, 2020). 

 

P300 

 

As reflected by its name, P300 is a positive component that peaks 300-500ms after stimulus onset. 

It is comprised of two distinct subcomponents (P3a and P3b), each elicited in different contexts, 

although both have been proposed to broadly reflect cognitive resource allocation e.g. increasing 

difficulty of a primary task in a dual-task paradigm is associated with reduced P300 amplitude for 

stimuli presented in the secondary task (Kramer, Wickens & Donchin, 1985). Functionally, P300 

is thought to reflect the updating of mental representations of the environment (Polich & Criado, 

2006), or in other words, the revision of schemas (Donchin, 1981).  

 

Consistent with this interpretation, P300 has also been shown to be linked to recognition and 

memory-updating processes (Polich, 2011), and its amplitude is sensitive to affective valence, 

particularly over frontal areas (Cano, Class & Polich, 2009; Conroy & Polich, 2007). It has also 

been shown to be related to arousal, although this relationship is complex and nuanced (Polich & 

Kok, 1995). The next section discusses the two subcomponents of the P300, P3a and P3b, in more 

detail. 

 

P3a 

 

P3a is elicited in response to task-irrelevant rare events (e.g. non-target deviant, or Oddball, 

stimuli in a series of common, repeating stimuli) and is thought to reflect novelty detection and 

attentional orientation processes. It is observed both in the absence and presence of direct 

attention and is sensitive to the probability of the occurrence of the rare eliciting stimulus. It has a 

relatively short peak latency, and its amplitude is maximally distributed across central and parietal 

areas (Polich & Criado, 2006). Neural generators of P3a appear to be localised in cingulate, 

frontal and right parietal areas (Volpe, Bucci, Merlotti, Galderisi & Maj, 2007). 
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P3b 

 

Unlike P3a, P3b is elicited only in response to task-relevant stimuli. P3b is generally thought to 

reflect a context-updating process in which the eliciting stimulus is compared to a model 

established by a sequence of regular prior stimuli. If the stimulus matches the expected stimulus 

(e.g. a standard, common stimulus in an Oddball task), then only sensory potentials (e.g. P1, N1) 

are observed. If the stimulus mismatches (i.e. violates the sequence), then P3a is elicited as an 

alerting response. If the mismatching stimulus is a target, then P3b will also be observed.  

 

In this section, the functional specificity of the P3b is discussed in some detail, as it is a key 

component of interest in the current study. This is due to its sensitivity to both attentional and 

motivational factors; P3b amplitude has been conceptualised as reflecting the amount of 

attentional resources allocated to stimulus processing, as the comparison process (between 

expected and observed outcome) appears to be attention driven (Polich, 2011). P300 has also been 

conceptualised, and used empirically as, a measure of resource allocation within cognitive studies 

(e.g. Kramer, Wickens & Donchin, 1985), although, as discussed below, this view may be 

somewhat problematic. 

Further evidence for the sensitivity of P3 amplitude to attentional resources is derived from dual-

task paradigms (in which increases in primary task-difficulty is associated with reduced P3 

amplitude to non-standard stimuli in a secondary Oddball task e.g. Israel, Chesney, Wickens & 

Donchin, 1980; Wickens, Kramer, Vanasse & Donchin, 1983).  

 

P3b amplitude has also been shown to be positively related to motivation, such that increasing 

motivation by manipulating task instructions appears to result in increased P3b amplitude 

(Carillo-de-la-Pena & Cadaveira, 2000). The associations between P3b amplitude and both 

attention and motivation are of crucial importance to the current study, as they allow for an 

objective examination of how social presence may affect both attention and motivation, as 

reflected by P3b amplitude. This allows for a direct comparison of attention-based and 

motivation-based theories of social facilitation. If attention-based theories are correct in the claim 

that social presence in some way ‘taxes’ attentional resources (as proposed by e.g. the distraction-

conflict hypothesis; Baron, Moore & Sanders, 1978), then the amplitudes of both P3a and P3b 

will appear reduced under conditions of social presence (relative to the control condition). On the 

other hand, if motivation-based theories (e.g. the mere effort account; McFall, Jamieson & 

Harkins, 2009) are correct in the claim that social facilitation effects are driven primarily by an 

increase in motivation associated with social presence, then P3b amplitude should be increased by 

social presence, relative to an ‘alone’ condition, given that P3 amplitude appears positively related 

to motivation. Given the importance of P3b function with regards to the current study, the 
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following section discusses this in some detail and provides an overview of prominent theories of 

P3b (hereafter ‘P3’) function.   

 

Functional Specificity of the P3 

 

Several researchers have assumed that P3 amplitude reflects demands upon ‘perceptual-central’ 

resources (e.g. Donchin, 1986; Kramer & Spinks, 1991), a term derived from the multiple 

capacity framework (Wickens, 1980; 1984) which assumes perceptual processes, and stages of 

later processing, are assumed to share a common resource (which is distinct from resources 

associated with response processes). Empirical support for P3 amplitude reflecting allocation of 

this common cognitive resource comes primarily from dual-task studies, in which there is a 

reciprocal relationship in P3 amplitude elicited by stimuli in the primary and secondary tasks, as a 

function of primary task difficulty. In other words, as primary task difficulty increases, so does P3 

amplitude elicited by primary task stimuli (e.g. Israel et al, 1980), whereas P3 elicited by stimuli 

in the secondary task decreases as primary task difficulty increases (e.g. Kramer et al, 1985; 

Wickens et al, 1983). The interpretation of such findings is that the perceptual-central resource 

which generates P3 is therefore positively reflected by its amplitude. P3 is likely to reflect a 

multitude of such processes, there is a more fundamental problem with this conceptualisation of 

P3 function, described in the following section.  

 

Task Difficulty & P3 Amplitude 

 

A resource allocation account of P3 would suggest that an increase in task difficulty should result 

in an increase in P3 amplitude (as a difficult task would, by definition, require a greater level of 

processing resources than a simple task). However, it has been consistently demonstrated, across a 

range of domains, that this is not the case.  

 

Mangun and Hillyard (1990) manipulated the priority of visuospatial attention by asking 

participants to attend either to stimuli presented on one side of the visual display or divide their 

attention across locations. They found that while early sensory ERP components (e.g. P1, N1) was 

sensitive to the level of visuospatial attention, P3 was unaffected.  

 

Several studies have investigated P3 amplitude in the context of a hybrid version of a visual 

search task in which perceptual and memory load can be independently manipulated (the former 

by varying the number of distractors, the latter by introducing multiple distinct target stimuli). 

These studies consistently find that P3 amplitude decreases as the number of distinct targets 

increases (e.g. Brookhuis et al., 1981; De Jong, Kok & van Rooy, 1988; Gomer, Spicuzza & 

O’Donnell 1976; Kotchoubey, Jordan, Grözinger, & Westphal, 1996; Kramer, Schneider, Fisk, & 
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Donchin, 1986; Lorist, Snel, Kok, & Mulder, 1996; Mecklinger, Kramer & Strayer, 1992). 

Furthermore, P3 amplitude also decreases as the number of distractors increases (e.g. Brookhuis 

et al., 1981; Hoffman, Simons, & Houck, 1983; Lorist et al, 1996). These findings suggest that in 

the context of visual search tasks, the positive relationship between P3 amplitude and task 

difficulty that one would expect under a resource allocation approach is not only absent, but in 

fact, the reverse seems to be true; regardless of whether perceptual or memory load is varied to 

manipulate task difficulty, findings consistently demonstrate a negative relationship between task 

difficulty and P3 amplitude. Increasing perceptual processing demands (e.g. by degrading the 

visual quality of stimuli) is similarly associated with reduced P3 amplitude (Kok, 1986; Kok & de 

Jong, 1980; Kok, van de Vijver, & Rooyakkers, 1985; Lorist, Snel & Kok, 1994; Ruchkin, 

Johnson, Mahaffey & Sutton, 1988; Scheffers, Johnson, & Ruchkin, 1991). 

Israel et al’s (1980) dual task study found that, while the introduction of an Oddball paradigm as a 

secondary task did decrease P3 amplitude relative to an Oddball task performed in isolation, 

increasing the difficulty of the primary task was not associated with further changes in P3 

amplitude. Thus, perhaps somewhat ironically, there are findings contradictory to the resource 

allocation hypothesis even within one of the very papers on which it is founded. 

 

In summary, there are many issues with the hypothesis that P3 reflects allocation of some 

cognitive capacity resource. The remaining section will broadly outline several alternative 

theories of P3 function, which are broadly similar with regards to postulating an interaction 

between working memory and attention processes as the primary cognitive drivers of P3 

production.   

 

Context-Updating Hypothesis 

 

Donchin (1981) interprets the relationship between P3 and subjective probability of the stimuli (in 

combination with its task relevance) which elicits P3, in terms of schema revision. Schema are 

described as “complex map[s] representing all available information about the environment”, and 

the “reservoir of information” that is necessary for performing the current task (p. 508). 

Additional information required for successful task performance resides in longer-term memory 

and must be made available, at least temporarily, and incorporated into the current schema. This 

system must therefore be relatively fluid, and able to apply priority weighting to various aspects 

of the schema. According to Donchin (1981) P3 function is consistent with such a system, given 

its sensitivity to both task relevance and subjective probability.  

Empirical evidence for the context-updating hypothesis comes primarily from studies which have 

shown that P3 amplitude during the training phase of a memory task is positively correlated with 

subsequent recall (e.g. Fabiani, Karis & Donchin, 1986; Karis, Fabiani & Donchin, 1984).  
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Perceptual Closure Theory 

 

Verleger (1988) provided a comprehensive critique of context-updating hypothesis, arguing that 

some of the specific predictions made by the theory (namely regarding expectancy effects) were 

not empirically supported. Amending some of the basic assumptions of context-updating and 

considering a range of data from various experimental paradigms, Verleger (1988) proposed an 

alternative ‘closure theory’, whereby P3 is argued to reflect the closure of a perceptual cycle. 

Specifically, as cognitive experiments tend to be highly structured and repetitive, participants can 

form fairly accurate expectancies regarding upcoming stimuli (e.g. if each block contains 8 ‘X’ 

stimuli and 2 ‘Y’ stimuli then after 9 trials, the participant will know the identity of the last trial 

depending on the number of ‘Y’ trials they have seen up to that point). This theory accounts for 

P3s elicited by rare stimuli in an Oddball task by distinguishing between “best guess” and 

“awaiting” expectancies. In an Oddball paradigm, participants may “expect” a standard stimulus 

at any given time in the sense that such a stimulus represents the statistically most likely 

upcoming trial. However, in this context, participants are also aware that their goal is to detect the 

rare, P3 eliciting stimuli. In this sense, the Oddball stimuli are, according to Verleger (1988), 

those which resolve the participant’s suspense (i.e. close the perceptual cycle), and not those 

which ‘surprise’ the participant per se.   

 

Template-Matching and Event-Categorisation Models 

 

Closely related to closure theory is the conceptualisation of P3 as reflecting a ‘template matching’ 

process (e.g. Chao, Nielsen-Bohlman & Knight, 1995; Squires, Hillyard & Lindsay, 1973), 

whereby in the context of target detection (as in an Oddball task) participants form a 

representation of the target, and P3 amplitude reflects similarity between the current stimulus and 

the representation of the target.  

 

Building on the ‘template matching’ hypothesis, Kok (2001) presented an event-categorisation 

model of P3 function, motivated by the aim of integrating extant theories of P3 function and its 

related research. Broadly speaking, this model conceptualises P3 amplitude as reflecting 

“attentional capacity invested in categorisation of task relevant (or significant) events” (p. 571). 

As with the template matching model, attention and working memory interactions are central to 

the model, as the classification of a stimulus as a target/non-target can only occur once 

communication between perceptual and memory systems has been established. The neural 

mechanisms proposed to underlie the ‘recognition units’ which carry out the process of event-

categorisation is empirically supported (e.g. by studies of inferior-temporal cell assemblies in 

monkeys which appear to function as an adaptive filter which is modulated by top-down 

mechanisms via pathways from the prefrontal cortex, and is sensitive to stimulus familiarity; 



 39

Desimone, Miller & Chelazzi, 1994). The function of the proposed network is specifically to 

compare stimulus attributes with the internal representation of the target. 

 

While closure, template-matching and event-categorisation models differ in their emphasis on 

various processes, and other important regards (e.g. the neurophysiological underpinnings) they 

share a general conceptualisation of P3(b) function as reflecting an interaction between attention 

and working memory processes, whereby incoming, attended perceptual information is classified 

and compared to an internal representation (e.g. of an Oddball target).  

 

Effects of Social Presence on Vigilance Task Performance 
 

The current study examines the effects of social presence on focused and sustained (i.e. low-level) 

visual attention. Given that relatively few studies have explicitly examined the effects of social 

presence on attention generally, and no extant study has also examined EEG correlates of 

attention in a social presence paradigm, the current study is largely exploratory, hence the 

decision to initially examine the lowest-level visual attentional processes (i.e. identifying whether 

a target is present in a stimulus display). While it is, as far as the author can tell, the first study to 

consider neural correlates of low-level visual attention in a social facilitation paradigm, there is a 

small amount of extant research which has provided behavioural analyses of how the presence of 

an observer impacts performance on focused and sustained visual attention, operationalised 

through performance of vigilance tasks. This small, but highly relevant literature is summarised in 

this section. 

 

An early example of this type of study is provided by Fraser (1953), who examined how the 

presence or absence of the experimenter during a target detection task affected error rates (i.e. 

missed signals). Results showed there were significantly fewer errors when the experimenter was 

present relative to when the experimenter was absent. 

 

Bergum and Lehr (1963) investigated this effect of vigilance task facilitation in military personnel 

and were specifically interested in whether the effect was moderated by whether the observer was 

a commissioned Lieutenant Colonel (high authority) or non-commissioned Master Sergeant (low 

authority). Results indicated significantly better performance (i.e. mean number of targets 

detected) in the high authority, relative to the low authority condition (there was no ‘alone’ 

control condition). Together these results suggest that physical social presence facilitates 

vigilance task performance, with social status of the observer appearing to act as a moderating 

factor. This provides preliminary evidence for increased motivation as a mechanism for improved 

sustained attention, and subsequently improved performance. 
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Physical presence of an observer appears to not be necessary for such observer effects on 

vigilance task performance. Putz (1975) found that the presence of a closed-circuit television 

camera and a one-way window were each associated with improved performance on a Mackworth 

clock test in which participants were required to watch a moving clock hand and indicate via a 

button press when the hand jumped more than normal (this task was designed to mimic the 

responsibilities of anti-submarine patrol Radar operators; Mackworth, 1948). The performance 

effects associated with remote observation were equivalent to that of the experimenter’s physical 

presence. While this finding contradicts one of the central tenets of drive-theory (Zajonc, 1965), 

namely that SFI effects are attributable to changes in arousal associated with physical observer 

presence, it does not rule out a possible role of arousal altogether (as the implication of the 

potential for evaluation could theoretically induce an arousal state through evaluation 

apprehension; Henchy & Glass, 1968). Furthermore, such findings (i.e. apparent SFI effects in the 

absence of physical presence) imply that social facilitation effects are unlikely to be wholly 

attributable to monitoring effects (as some versions of the distraction-conflict hypothesis propose 

e.g. Guerin, 1983; Guerin & Innes, 1982). 

 

More recently, Yu and Wu (2015) analysed the effect of supervisor presence on performance in a 

x-ray screening task; their findings were consistent with the classic social facilitation effect, such 

that response times in the social presence condition were faster for simple trials, and slower for 

more difficult trials, relative to when participants worked alone. There was no effect of social 

presence on detection rates. This is consistent with findings from a later study by Liu and Yu 

(2018) who found that both virtual and physical presence of an observer was associated with 

faster response times for simple items, with no difference in response accuracy between 

conditions.  

 

The lack of association between observer presence and accuracy rates was replicated in another 

recent study by Claypoole and Szalma (2017), who found no effect of observer presence (either 

supervisory or non-evaluative) on proportion of hits or misses. Contrary to the above studies 

however, this study also failed to find an association between observer presence and response 

times, although the authors suggest this may have been due to ceiling effects (as evidenced by a 

lack of performance decrement over time which is typically observed in vigilance tasks).  

 

Together, these findings suggest that the ‘presence’ of an observer (whether physical or 

otherwise) may facilitate vigilance task performance, although the nature of the effect is unclear. 

Some studies report reduced error rates, increased hit rates and/or faster response times associated 

with social presence for simple trials, and longer response times associated with social presence 

on difficult trials, although there is a lack of consistency in these effects across studies, perhaps 

partly due to differences in methodology. Furthermore, the existence of null findings suggest 
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further research is required for clarification of the effects of social presence on vigilance task 

performance. In summary, while social presence does seem to generally improve task 

performance, this effect may not be particularly robust, and may depend on several moderating 

factors (e.g. status of the observer; Bergum & Lehr, 1963, and task difficulty; Liu & Yu, 2018; Yu 

& Wu, 2015). 

 

This lack of consistent findings reinforces the argument in the previous chapter regarding the 

insufficiency of purely behavioural methods for understanding the mechanisms underlying SFI 

effects. By utilising a measure of neural activity (i.e. EEG) in conjunction with behavioural data, 

the current study aims to examine the possible roles of attention and motivation (as reflected in 

ERP amplitude) in social facilitation of low-level focused and sustained visual attention. Given 

the relatively simple nature of the task, social presence is tentatively expected to improve task 

performance (resulting in fewer misses and false alarms, and/or faster responses), and this should 

be reflected in differential amplitude of attention-related ERP-components elicited when 

participants complete the task alone, and under social presence. 

 

Methods 
 

Participants 

 

Participants were 19 psychology undergraduates and university staff members (14 females, mean 

age = 25.87 years; SD = 10.3). To be included in the study, participants had to confirm they were 

at least 18 years old, had no previous neurological damage (e.g. as a result of a head injury), no 

history of conditions of which neurological damage was a feature (e.g. epilepsy) and had normal 

or corrected-to-normal vision. Participants were reimbursed financially or with course credits. The 

study was approved by the Department of Psychology’s ethics committee at the University of 

Bath. 

 

Procedure 

 

Upon arrival at the lab, participants filled out a consent form before being measured and fitted 

with the EEG cap. For the duration of the experiment, they were seated approximately 70cm from 

the stimulus presentation monitor. Each participant completed three blocks (one per experimental 

condition - described below). Blocks were counterbalanced between participants, and participants 

were provided an opportunity to take a short break between blocks. Upon completion of the 

experimental procedure, participants were thanked and debriefed. 
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EEG Recording 

 

EEG signals were sampled at 1000 Hz using a GES 400 system (Electrical Geodesics Inc; EGI, 

Eugene, OR, USA) and a 65 channel HydroCel Geodesic Sensor Net fitted with silver-silver 

chloride sponge sensors). A common Cz reference was used, and data were online low pass 

filtered at 250Hz. Impedances were kept below 50kΩ throughout recordings, in accordance with 

the manufacturer’s recommendations. 

 

Stimuli 

 

Stimuli consisted of simple shape-colour configurations (blue/red, square/circle) to avoid 

confounds associated with affective content of images or differences in physical properties of 

stimuli (e.g. spatial frequency). The stimuli were presented on a grey background and occupied 

approximately 10 degrees of visual angle. At the beginning of each block, participants were asked 

to respond with a button press to a particular target stimulus (e.g. a blue square). Standard and 

deviant (Oddball) stimuli differed from targets in terms of shape and/or colour. The allocation of 

different shapes and colours to standard, deviant and target stimuli was counterbalanced both 

within and between participants, to ensure that any differences in EEG activity between 

conditions were not attributable to these low-level, physical properties of stimuli (i.e. colour 

and/or shape). 

 

Oddball Task Parameters & Social Presence Manipulations 

 

Each experimental block included 960 trials, in a 6:1:1 ratio of standards (n=720), deviants 

(n=120) and targets (n=120). Each trial began with a fixation cross, presented centrally for 500-

700ms (randomised to prevent neural entrainment). Stimuli were presented for 200ms, and 

participants were instructed to respond as quickly as possible (with a press of the ‘Space’ key) to a 

target stimulus, while ignoring all other stimuli. The order of presentation of stimuli were 

randomised, with the additional condition that each deviant or target stimuli was preceded by at 

least two standard stimuli.   
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Figure 3: Trial procedure for Oddball task 

 

There were 3 experimental conditions: in the ‘alone’ (control) condition, participants completed 

the task while sat alone in a Faraday cage and were not given any additional instructions. In the 

social presence condition, the experimenter sat to the participant’s left side, in their peripersonal 

space (approximately 50cm) with their head maintained at a relatively fixed position 

approximately 20 degrees to the left of the monitor. In this condition, participants were given the 

additional information:  

 

“For this part of the experiment I’m going to sit here next to you while you complete the task. I 

won’t be monitoring your performance so please just keep your focus on the task”.  

 

The reason for the lack of explicit monitoring was to attempt to minimise confounds associated 

with evaluative forms of social presence and isolate the effects of mere presence, as this is 

considered the most minimal form of physical social presence (various forms of observer presence 

are also considered to represent the same process at different levels; Guerin, 1986). The third 

experimental condition (‘implied social presence’) involved a life-size male-model mannequin 

(dressed in adult’s clothing) placed next to the participant (approximately 50cm). The 

mannequin’s presence was designed to control for the physical presence of an observer and was 

explained to participants as follows;  

 

“This is Fred. He will sit here while you complete this part of the experiment. I will explain why 

when you have completed the experiment”. 
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Figure 4: Mannequin used to represent implied social presence 

 

The experimental conditions were fully counterbalanced between participants. 

 
Figure 5: Diagram showing set-up of ‘experimenter present’ condition 

 
EEG Pre-Processing & ERP Acquisition 

 

EEG data were pre-processed as follows using the EEGLAB (Delorme & Makeig, 2004) and 

ERPLAB (Lopez-Calderon & Luck, 2014) toolboxes for MATLAB. Data were high-pass filtered 

at 0.2 Hz, and low-pass filtered at 40 Hz (both using a 16500-point windowed sinc filter with a 

0.2 Hz transition band width) and re-referenced to an average reference montage. Data were 

segmented into 900ms epochs time-locked to stimulus onset, with a 100ms baseline period (so the 

epoch extended to 800ms post-stimulus). Following baseline correction, artifact detection was 

automated to mark for rejection any epochs which exceeded a 75mv change within a 200ms 

window. For blocks in which large numbers of trials were marked for rejection, manual artifact 
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correction procedures were carried out to most appropriately minimise data loss. Manual artifact 

correction primarily entailed interpolating noisy electrodes (which was the most common cause of 

high occurrence of artifacts) and removing eye movement components using independent 

components analysis (ICA) with EEGLAB’s fastica procedure.  

 

Grand average ERPs were generated in ERPLAB. Component peak amplitude and latency, and 

mean amplitude, were obtained by using ERPLAB’s automated ERP measurement tool, which 

finds peaks in user-defined latencies. All components (with the exception of vMMN) were 

measured at Pz, a posterior, midline electrode. A central parietal electrode was chosen to 

minimise the influence of inter-individual dipole variability, and individual differences in 

anatomical generators of the ERP components of interest. Defined electrode sites and latency 

ranges for the obtained ERPs are summarised in the table below. 

 

 

 

 
 

 

Table 1: Defined latency ranges and electrode sites for ERP analysis 

 

vMMN was produced with a grand average difference wave by subtracting the evoked time series 

response to standard stimuli from deviant (non-target) stimuli at a visually identified region-of-

interest channel based on an average of three fronto-central electrodes (E4, E7, E54); the defined 

latency range was 120-350ms, consistent with the expected latency range of vMMN based on 

prior studies (e.g. Kojouharova, File, Sulykos & Czigler, 2019). 

 

Results 
 

Behavioural Data 

 

One participant’s behavioural data was lost due to a technical issue. Reported results in this 

section are therefore based on a sample of n=18. Descriptive statistics are reported in the table 

below.   

 

 

Component Electrodes Latency Range 

P1  Pz 75-150ms 

N1 Pz 175-225ms 

P3(a/b) Pz 275-425ms  

vMMN FCz, FC1, FC3 120-350ms 
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 Alone (Control) 

Condition (SD) 

Experimenter 

Presence (SD) 

Mannequin 

Presence (SD) 

RT (Mean) 386 (52.7) 385.2 (42) 389.4 (57.7) 

RT (Median) 373.7 (51.9) 373.4 (41.3) 376.7 (59.3) 

Misses 6.2 (9.9) 3.3 (4) 3.3 (5.5) 

False Alarms 3.7 (3.1) 2.6 (2.3) 5.9 (9) 

 

Table 2: Descriptive statistics for behavioural measures 

 
Mauchly’s test of sphericity indicated that the assumption of sphericity was violated for ‘misses’ 

(F²(2) = 15.03, p = .001) and ‘false alarms’ (F²(2) = 16.26, p < .001); degrees of freedom were 

therefore were corrected using Greenhouse-Geisser estimates of sphericity. Repeated measures 

ANOVA with condition (Alone/Experimenter/Mannequin Presence) as the within-subjects factor 

revealed there was no significant difference between conditions for mean RT (F (2, 34) = .195, p 

= .824, K� = .011), median RT (F (2, 34) = .136, p = .873, K� = .008), misses (F (1.24, 21.1) = 

1.463, p = .247, K� = .079) or false alarms (F (1.22, 20.76) = 1.699, p = .209, K� = .091). Neither 

experimenter nor mannequin presence therefore affected behavioural performance of the task. In 

order to more clearly examine the effect of experimenter presence on ERP responses (i.e. 

minimise loss of power of ERP analyses), EEG data from the ‘mannequin presence’ is not 

included in subsequent analyses.   

 

EEG Data Analysis 
 

Analysis of ERPs 

 

Analysis of the ERPs centred on peak and mean amplitude, and peak latency for the four ERP 

components discussed in the Introduction section a (P1, N1, P3a/b, vMMN). P1, N1 and P3a/b are 

measured from the central parietal electrode site (Pz); vMMN was obtained from a central region-

of-analysis. Paired sample t-tests are used to assess the difference between ERP components 

obtained during the ‘alone’ and ‘experimenter present’ conditions. 

 

EEG data from four participants was lost due to technical issues. The following analyses are 

therefore conducted on a sample size of n = 15.  
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Figure 6: Grand averaged ERP plots recorded at Pz - standard stimuli. Shaded regions show 95% confidence interval 
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Figure 7: Grand averaged ERP plots recorded at Pz - deviant (Oddball) stimuli. Shaded regions show 95% confidence interval 
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Figure 8: Grand averaged ERP plots recorded at Pz - target stimuli. Shaded regions show 95% confidence interval 
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Figure 9: Grand averaged ERP plots for visual mismatch negativity; recorded from a region of interest of central electrodes. Shaded regions show 95% confidence interval  
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Mean Amplitude and Latency 

 

Mean amplitude and peak latency values of N1, P1, P3a/b and vMMN were analysed with 

repeated measures ANOVAs for Standard, Deviant (Oddball) and Target Stimuli. Results 

indicate a significant difference between conditions for deviant elicited P1 latency; F (2,28) = 

5.525, p = 0.009). The effect of condition also significantly affected mean amplitude of deviant 

elicited P3 (F (2,28) = 8.478, p = 0.001), target elicited P3 (F (2,28) = 13.001, p < 0.001) and 

vMMN (F (2,28) = 7.014, p = 0.009). Full results are presented in the tables below.   

 

Peak Latency 

 

Stimuli Component F df p-value 

Standard P1 0.432 2 0.654 

Standard N1 0.686 2 0.512 

Deviant P1 5.525 2 0.009* 

Deviant N1 0.663 2 0.523 

Deviant P3a 1.612 2 0.218 

Target P1 0.201 2 0.819 

Target N1 0.428 2 0.656 

Target P3b 1.627 2 0.215 

Standard-Deviant vMMN 1.283 2 0.293 
Table 3: Inferential test results for ERP peak latency. * = Significant at p < .05 

Mean Amplitude 

 

Stimuli Component F df p-value 

Standard P1 1.592 2 0.221 

Standard N1 2.399 2 0.109 

Deviant P1 0.503 2 0.61 

Deviant N1 1.21 2 0.313 

Deviant P3a 8.478 2 0.001* 

Target P1 0.924 2 0.409 

Target N1 1.699 1.243 0.201 

Target P3b 13.001 2 <.001* 

Standard-Deviant vMMN 0.912 2 0.413 
Table 4: Inferential test results for ERP mean amplitude. * = Significant at p < .05 
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Post-Hoc Analyses 

 

Dependent samples t-tests were conducted for component measures which significantly differed 

between conditions. Results indicated that deviant elicited P1 latency significantly differed 

between the mannequin (M = 131.47ms, SD = 11.94ms) and alone (M = 117.3ms, SD = 17.76ms) 

conditions; t(14) = 2.92, p = 0.011. Deviant elicited P3 amplitude in the alone condition (M =  

2.19Pv, SD = 1.38Pv) significantly differed from both the experimenter present (M = 0.76Pv, SD 

= 0.82Pv) condition; t(14) = 3.64, p = 0.003 and mannequin (M = 1.1Pv, SD = 1.36Pv) condition 

; t(14) = 3.37, p = 0.005. Target elicited P3 amplitude in the alone condition (M = 4.81Pv, SD = 

2.36Pv) significantly differed from the experimenter present (M = 2.26Pv, SD = 1.31Pv) 

condition (t(14) = 4.51, p < 0.001), as well as the mannequin condition (t(14) = 3.99, p = 0.001).  

Given 18 separate inferential tests are being conducted (i.e. comparison between the ‘alone’ and 

‘experimenter present’ conditions for mean amplitude and peak latency of P1 and N1 elicited by 

standard, deviant and target stimuli, as well as P3a, P3b and vMMN) a Bonferroni correction for 

multiple comparisons is adopted; thus, the alpha level for significance in these tests is 0.0028 (i.e. 

0.05/18). As such, only the P3 amplitude effects for deviant (d = 1.26) and target-elicited (d = 

1.37) ERPs survive corrections for multiple comparisons, whereas the P1 latency effect does not. 



  

 
Table 5: Descriptive statistics for ERPs elicited by standard, deviant (Oddball) and target stimuli 

Standard Stimuli Mean Amplitude 
(SD) 

  Peak Latency (SD)   

 Alone Experimenter 
Present 

Mannequin Alone Experimenter Present Mannequin 

P1 1.24Pv 
(1.07Pv) 

1.14Pv 
(1.14Pv) 

0.895Pv 
(1.01Pv)  

126.93ms 
(19.6ms) 

128.13ms 
(16ms) 

122.53ms (21.3ms) 

N1 0.8Pv 
(1.19Pv) 

1.07Pv 
(1.04Pv) 

0.48Pv 
(1.14Pv) 

197.93ms 
(17.5ms) 

199.4ms 
(14.4ms) 

202.67ms (13.82ms) 

Deviant (Oddball) Stimuli Mean Amplitude 
(SD) 

  Peak Latency (SD)   

 Alone Experimenter 
Present 

Mannequin Alone Experimenter Present Mannequin 

P1 0.949Pv 
(1.25Pv) 

0.865Pv 
(1.12Pv) 

1.02Pv 
(1.19Pv) 

117.33ms 
(17.8ms) 

125.47ms 
(13.7ms) 

131.47ms 
(11.94ms) 

N1 -0.02Pv 
(1.22Pv) 

0.05Pv 
(1.37Pv) 

0.34Pv 
(1.38Pv) 

202.47ms 
(15.5ms) 

198.27ms 
(12.8ms) 

202.93ms 
(17.25ms) 

P3a 2.19Pv 
(1.37Pv) 

0.76Pv 
(0.82Pv) 

1.1Pv 
(1.36Pv) 

379.93ms 
(63.4ms) 

373.4ms 
(66.6ms) 

350.4ms 
(39.88ms) 

Target Stimuli Mean Amplitude 
(SD) 

  Peak Latency (SD)   

 Alone Experimenter 
Present 

Mannequin Alone Experimenter Present Mannequin 

P1 1.1Pv 
(1.22Pv) 

0.84Pv 
(1.18Pv) 

0.87Pv  
(1.17Pv ) 

127.47ms 
(11.7ms) 

124.73ms 
(15.7ms) 

126.67ms 
(12.68ms) 

N1 0.03Pv 
(1.47Pv) 

0.39Pv 
(1.48Pv) 

0.2Pv 
(1.9Pv) 

200.33ms 
(15.38ms) 

202.33ms 
(15.89ms) 

204.53ms 
(14.12ms) 

P3b 4.81Pv 
(2.36Pv) 

2.26Pv 
(1.31Pv) 

2.34Pv 
(1.92Pv) 

373ms 
(32.29ms) 

379.93ms 
(24.77ms) 

362.07ms 
(24.03ms) 

Deviant - Standard Stimuli Mean Amplitude 
(SD) 

  Peak Latency 
(SD) 

  

 Alone Experimenter 
Present 

Mannequin Alone Experimenter Present Mannequin 

vMMN -0.197Pv 
(0.71Pv) 

-0.09Pv 
(0.65Pv) 

0.08Pv 
(0.57Pv) 

194ms 
(41.05ms) 

201.53ms 
(31.91ms) 

218.4ms 
(44.25ms) 
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Figure 10: P1 Peak Latency (error bars represent 95% confidence intervals) 

 
Figure 11: P3a Mean Amplitude (error bars represent 95% confidence intervals) 

 
Figure 12: P3b Mean Amplitude (error bars represent 95% confidence intervals) 
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Summary of ERP Results 

 

Inferential analyses show that ERPs time-locked to standard stimuli did not differ between 

conditions for any of the analysed peak latency or mean amplitude measures. Peak latency of the 

P1 component of deviant elicited ERPs significantly differed between the ‘alone’ and 

‘mannequin’ conditions.  Mean amplitude of both P3a and P3b were significantly higher in the 

‘alone’ condition than both the ‘experimenter present’ and ‘mannequin’ conditions. 

 

Discussion 
 

This study aimed to investigate potential mediators of social facilitation/impairment (SFI) effects 

by utilising ERP analysis. The effect of experimenter presence on the P3b response was of 

particular interest, given its sensitivity to both attentional and motivational factors. It was thus 

hypothesised that experimenter presence would impact the P3b response, although the direction of 

this effect was not predicted a priori. If SFI effects are mediated by attentional processes (as 

suggested by e.g. distraction-conflict hypothesis; Sanders, Baron & Moore, 1978) then one would 

expect experimenter presence to decrease the P3b response, indicating attentional conflict and 

subsequently reduced task-directed attention. On the other hand, if SFI effects are mediated 

primarily by an increase in motivation (as suggested by e.g. mere effort account; Harkins, 2006), 

then experimenter presence would be expected to increase the P3b response, given the positive 

association between P3b amplitude and motivation (e.g. Carrillo-de-la Pena & Cadaveira, 2000; 

Kathner et al, 2013; Kleih, Nijboer, Halder & Kubler, 2010, but see Kleih & Kubler, 2013). ERP 

analyses indicated that, consistent with attention-based accounts of SFI, experimenter presence 

was associated with a significantly reduced P3b (as well as a reduced P3a) response. Analysis of 

behavioural data indicated that experimenter presence did not significantly affect task 

performance.  

 

Prominent theories of P3 function were outlined in the Introduction section; while the functional 

specificity of P3 remains subject to debate, it is argued here that regardless of which specific 

theory of P3 function is utilised to interpret the findings of the current study, the effect of 

experimenter presence appears to be far more closely aligned to the predictions of attention-based 

theories of SFI effects than motivation-based theories of SFI effects. By all accounts of P3 

function outlined in the Introduction, reduced P3 amplitude implies that the attention-working 

memory interactions that generate P3 are interrupted by experimenter presence. Event-

categorisation theory suggests two distinct ways in which this may occur; either by increased task 

difficulty, which may itself occur through degradation of perceptual stimuli, or by increased 

demands on working memory (e.g. by increasing the size of the memory set, or number of 
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targets), both of which seem unlikely in the current study given stimuli were perceptually 

unambiguous (and early perceptual ERP components, such as P1 appeared to not differ between 

experimental conditions), and the participants were only required to respond to a single stimulus 

in any given block. The second way in which the event-categorisation process may be disrupted 

(with subsequent reduction of the P3 amplitude) is through depleted attention to the target, likely 

due to parallel processes which are typically higher-order, “executive” processes which control 

memory operations. The impact of social presence on executive functioning is the focus of the 

study reported in the following chapter. It is proposed that reduced P3 amplitude associated with 

experimenter presence in this study likely represents reduced attention to probabilistically rare 

stimuli due to parallel processes. This is consistent with attention-based theories of SFI, in 

particular distraction-conflict hypothesis, which specifically posits that monitoring of the observer 

is a likely source of distraction (Guerin, 1983) and Carver and Scheier’s (1981) theory that posits 

the presence of an observer increases self-awareness, with increased self-directed attention 

leading to disruption of task-directed attention. Given experimenter presence did not appear to 

impact earlier sensory and perceptual components, the parallel processes which appear to be 

induced by social presence seem particularly likely to disrupt the attention-working memory 

interactions which underlie event-categorisation (and accompanying P3 amplitude). As the current 

study was not designed to examine any specific neurocognitive effects of social presence, the 

implications of the ERP findings are not speculated on further than this. It is also worth reiterating 

that regardless of the apparent disruption to processes underlying P3b generation, behavioural 

performance did not differ between conditions.  

 

Considering social facilitation effects have been shown to be relatively small (Bond & Titus, 

1983), and with regards to the effect of social presence on attentional vigilance, relatively 

inconsistent (see Introduction), it is perhaps not surprising that there was no difference in 

behavioural performance between experimental conditions in the current study. However, the 

significant difference in P3b amplitude (and mean amplitude for standard stimuli-elicited ERPs) 

suggests that experimenter presence did indeed exert some effect on neurocognitive processes 

underlying Oddball task performance, although the conclusions that can be drawn on the basis of 

the results presented here are arguably limited by the lack of behavioural effects. However, ERP 

effects in themselves are informative, even without accompanying behavioural effects, as ERPs 

can often provide more insight into underlying cognitive processes than behavioural measures. A 

clear example of this is the application of ERP research to the study of attention in the late 1960s 

and early 1970s, when there was an ongoing debate among cognitive researchers as to whether 

attention operates at an early or late stage (the locus of selection question; Luck & Kappenman, 

2011). The early stage hypothesis proposed that in the face of multiple streams of sensory input, 

attention acted to limit processing to a select subset of perceptual inputs (e.g. Broadbent, 1958; 

Treisman, 1964; Treisman & Geffen, 1967). On the other hand, according to the late selection 
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hypothesis, perceptual systems are able to process multiple input streams, and attention instead 

modulates post-perceptual processes such as memory, decision formation and response selection 

(e.g. Deutsch & Deutsch, 1963; Moray, 1959). Behavioural experiments attempted to address this 

question of attentional selection but were ultimately unable to do so as reaction times and 

accuracy reflect the combined influence of both early and late mechanisms and were unable to 

distinguish between them. Owing to their high temporal resolution, however, ERPs can address 

questions such as this, which behavioural measures alone cannot. In relation to the locus of 

selection problem, for example, if the early selection hypothesis is correct then attended stimuli 

should elicit larger early, sensory components, whereas if the late selection hypothesis is correct, 

attended and unattended stimuli should elicit similar early components, and only differ in terms of 

later, post-perceptual components. Several experiments (e.g. Hansen & Hillyard, 1980; Hillyard, 

Hink, Schwent & Picton, 1973; Woods & Hillyard, 1978) suggest ERPs elicited by attended and 

unattended stimuli appear to differ as early as the N1, when perceptual processing is presumably 

still taking place. Thus, ERP studies addressed the locus of selection problem, finding evidence in 

favour of the early selection (over the late selection) hypothesis, where behavioural experiments 

had failed to distinguish between them.  

 

Other examples of ERP effects in the absence of behavioural effects include research which has 

examined between-group differences in cue reactivity e.g. for responses to alcohol cues for light 

and heavy social drinkers (Herrmann, Weijers, Wiesback, Boning & Fallgatter, 2001), or 

reactivity to tobacco-related cues between tobacco deprived and non-smokers (McDonough & 

Warren, 2001). Socially phobic individuals have been shown to display a larger P1 to angry face 

schematics compared to non-phobic individuals, although behavioural response speed and 

accuracy did not differ between the groups (Kolassa, Kolassa, Musial & Miltner, 2007). There is 

even an example from an Oddball study, which examined reactivity to alcohol cues between 

young binge drinkers and controls (Petit et al, 2012), which demonstrated P1 was modulated by 

drinking status, although no between-group behavioural differences emerged.  

 

ERP effects in the absence of behavioural effects have thus been generally demonstrated for 

attentional biases among certain populations, although such findings are not limited to this 

literature. For example, ERP effects have been observed in the absence of behavioural effects 

when primes are masked and therefore not consciously perceived (e.g. Kiefer & Brendel, 2006), 

while vMMN and P3 have been investigated for potential use in predicting coma outcomes (Kane, 

Butler & Simpson, 2000). 

 

It is tentatively proposed that the lack of behavioural effects here was due to ceiling performance 

effects, whereby reduced task-directed attention did not result in behavioural effects as attentional 

disruption was not sufficient to impact performance. Disruption to post-perceptual attentional 
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processes (i.e. at the P3 latency range) would not necessarily impact the low-level feature-based 

selective attention processes that are required by the Oddball paradigm used in the current study. 

The relatively undemanding nature of the task, in terms of cognitive resources required for 

successful performance, is arguably a limitation of the current study’s design. Future studies 

reported in this thesis therefore use more cognitively demanding tasks which require higher-order 

executive attention and working memory functions. It is worth noting that ceiling performance 

effects have been observed in sustained attention (vigilance) tasks (e.g. Claypoole & Szalma, 

2017). As the purpose of the current study was to examine the effects of social presence on ERP 

(particularly P3) responses, the Oddball task was deemed suitable due to the reliability with which 

this task elicits this component. Although the task design ultimately yielded informative results in 

terms of the ERP effects, the simple nature of the experimental paradigm (and resulting null 

behavioural effects) could nonetheless be considered a limitation of the current study. This will be 

addressed in future studies reported here by implementing tasks which should not be susceptible 

to ceiling performance effects.   

 

Another potential contributing factor the null behavioural effects is related to the characteristics of 

the participant sample, which consisted entirely of young adults, a group within which intra-

individual variability in simple RT is particularly low (Dykiert, Der, Starr & Deary, 2012). 

Furthermore, intra-individual variability also appears particularly low for relatively simple tasks 

(Dixon et al 2007). The association between both age, and task complexity on the one hand, and 

intra-individual RT variability on the other, appears to be additive (West, Murphy, Armilio, Craik 

& Stuss, 2002), meaning ceiling effects for RT are again, not entirely surprising in the current 

study given the nature of the task and participant sample. Finally, it is likely that the small size of 

the sample meant it was underpowered to detect any behavioural effect of experimenter presence 

on simple RT; given an estimated size of d = 0.36 for the effect of social presence on response 

rates (a proxy measure for reaction time) for low-complexity tasks (based on Bond & Titus’ 

(1983) analysis of 100 studies using simple tasks), power analysis using G*power (Faul, 

Erdfelder, Lang & Buchner, 2007) indicates a sample size of 103 would be required to detect such 

effects in a repeated measures design as was used here. This illustrates the usefulness of EEG 

when investigating cognitive effects whose behavioural counterparts might require large 

(sometimes unfeasibly so) sample sizes. This idea is elaborated upon in the remainder of this 

section.  

 

A final point on the relationship between ERP components and behavioural measures is worth 

making here. While changes in ERP latency and/or amplitude are often associated with 

behavioural effects, this is not always the case, as demonstrated by the results reported here. 

Analysis of specific ERP components can assess how experimental manipulations impact specific 

cognitive processes, while behavioural responses (e.g. reaction time) reflect the entirety of 
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perceptual encoding and cognitive processing (which itself will be comprised of multiple 

processes), as well as preparation and execution of the motoric response. ERPs are, in many ways, 

more sensitive than behavioural measures (Luck, 2014). P3 specifically has been applied to 

research questions which cannot be answered solely on the basis of behavioural observation (e.g. 

in the study of emotional memory; Zarubin et al, 2020). Diagnostically, P3 characteristics may 

differentiate clinical populations which are difficult to differentiate on the basis of behavioural 

symptoms (e.g. Alzheimer’s Disease and Lewin’s Body Dementia; Bonnani et al, 2010). Donchin 

(1979) notes, on the assumption that changes in ERP characteristics ought to be associated with 

concurrent behavioural effects, “the demand that a psychophysiological index be a correlate of a 

psychological process is all too often fallaciously translated into a demand that a correlation be 

demonstrated between the ERP component and some specific, arbitrarily chosen, overt index of 

behavior” (p. 30).  

 

The lack of a one-to-one relationship between ERP components and behavioural measures is 

demonstrated in a study by McCarthy and Donchin (1978). Participants were required to report 

matching stimuli based on either functional or structural similarity. The “presentation mode” was 

the second independent variable, and was either “fixed”, whereby participants reported either 

functional matches for an entire block, or structural matches for an entire block, or “varied”, 

whereby the type of match to report varied on a trial-by-trial basis and was instructed by a tone 

preceding stimulus onset. They found functional matches were associated with significantly 

longer reaction times, but presentation mode had no impact on reaction time or error rates. 

Presentation mode, did however, impact the ERP response, while ERPs elicited by structural 

matches on the one hand, and functional matches on the other, did not differ. Thus, there was a 

double dissociation between the behavioural and ERP responses, with presentation mode 

impacting the ERP, but not behavioural response, while ‘matching type’ impacted the 

behavioural, but not ERP response. As noted by Donchin (1979) such dissociations are only 

troubling if one assumes that variance in the electrophysiological response, and variance in 

behavioural performance arises from an identical source. This can rarely, if ever, be expected to 

be the case. To paraphrase Luck (2014), a behavioural response is the end product of a cascade of 

complex cognitive processes, whereas ERPs reflect aspects of these processes. The results 

presented here suggest that while experimenter presence did not impact behavioural performance, 

there was an attentional effect, as demonstrated by the ERP results. Further studies reported here 

attempt to elaborate upon the attentional effects of social presence. 
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Summary & Conclusions 
 

In summary, the current study investigated the effect of experimenter presence on Oddball task 

performance and associated ERPs in an attempt to test divergent hypotheses of the mechanisms 

underlying SFI effects derived from attention-based and motivation-based theories. Experimenter 

presence was associated with a significantly reduced P3, an effect which is tentatively attributed 

to disruption of attention to subjectively rare and target stimuli, likely from interference resulting 

from parallel processes (e.g. from increased environmental monitoring induced by social 

presence). This result broadly supports attention-based and is contrary to motivation-based 

theories of SFI. However, the lack of behavioural effects suggests that social presence does not 

sufficiently interfere with cognitive processes necessary to successfully perform simple RT tasks. 

To attempt to more fully delineate the neurocognitive effects of social presence, future studies 

reported in this thesis will adopt more cognitively demanding experimental paradigms, which 

ought to be more susceptible to the attentional interference effects implied by these findings. 
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Chapter Three: Interactive Effects of Remote Observer Presence 

and Task Familiarity 
 

Executive Summary 
 

The attentional impact of social presence was further examined with multiple tasks which assess 

various aspects of attention and working memory function. The presence of a purportedly live 

remote observer interacted with task familiarity to affect behavioural performance, with the 

slowest RTs observed under social presence when the task was unfamiliar, and the fastest RTs 

associated with social presence when the task was familiar (consistent with the ‘classic’ SFI 

effect). Drift-diffusion modelling suggests this interaction was driven by information 

accumulation (i.e. drift-rate). Impaired utilisation of temporal cues in the Attention Network Test 

were also observed under social presence when the task was unfamiliar; together, these results 

point towards a cue utilisation interpretation of the ‘classic’ SFI effect (i.e. improved and 

impaired performance for learned and unlearned tasks respectively). 

 

Introduction 
 

The previous study demonstrated a reduction in task-directed attention, as indexed by a reduction 

in P3 amplitude, associated with experimenter presence during performance of a low-level visual 

attention task. This finding is consistent with attention-based theories of social 

facilitation/impairment (SFI) effects, although there are various theoretically proposed 

mechanisms through which attention may be impacted by social presence. For example, the 

distraction-conflict hypothesis (e.g. Baron, 1986) proposes that the presence of others induces 

distraction (e.g. through increasing environmental monitoring) which in turn enhances attention to 

central task features while diminishing attentional allocation to peripheral features (‘attentional 

focusing’). Manstead and Semin (1980) argue SFI effects may be attributable to disruption of 

continuous task monitoring associated with social presence, while Carver and Scheier (1981) 

propose social presence increases self-directed attention at the expense of task-directed attention. 

Given the multiple theoretically viable routes to attentional interference from social presence, 

further research aimed at elucidating the neurocognitive underpinnings of attentional effects of 

social presence is warranted. The current study utilises EEG data, alongside behavioural measures 

in order to attempt to identify specific attentional and executive function processes which are 

impacted by social-evaluative presence, as well as extending extant attention-based theories of 

SFI, which are often based on an outdated model of attention, in which attention is viewed as an 
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essentially unitary construct, which now appears overly simplistic (Posner & Peterson, 1990), 

given evidence of multiple anatomically and functionally distinct attentional networks (e.g. Fan et 

al, 2009; Rueda et al, 2004). Extant attention-based theories of SFI also do not account for joint 

operations between attentional processes and other cognitive functions, such as working memory 

(e.g. Awh, Vogel & Oh, 2006; Gazzaley & Nobre, 2012; Soto, Hodsoll, Rotshtein & Humphreys, 

2008) and executive functions (e.g. Cieslik, Mueller, Eickhoff, Langner & Eickhoff, 2015; 

Hommel, Ridderinkof & Theeuwes, 2002; Norman & Shallice, 1986). There is therefore an 

opportunity for attention-based approaches to social facilitation to be contemporised, and the 

current study attempts to contribute to this effort by utilising three tasks which impose distinct 

attentional, working memory and executive functioning demands, with the aim of further 

elucidating the cognitive mechanisms of SFI effects. 

 

This Introduction provides a context for the current study by outlining the concept of cue 

utilisation and its relevance to SFI research. An overview of executive functions, and their 

relation to SFI effects is then provided. The final section briefly describes the Posnerian tripartite 

model of attention and a task which is used (in the current study and elsewhere) for assessing 

functioning of the three attentional networks outlined by the model (namely, the Attention 

Network Test, or ANT). Specific research questions regarding the effects of social presence on 

core executive functions, which are addressed by the current study, are then posed. 

 

 

Cue Utilisation 

 

Cue utilisation is a key component of distraction-conflict hypothesis in explaining how the 

proposed distracting effect of social presence impacts task performance. According to this 

hypothesis, distraction threatens cognitive overload, leading to a corrective attentional focusing 

whereby attention is enhanced for cues which are most central to the task, “or alternatively most 

central geographically in the display” (Baron, 1986, pp. 27). There have been several 

demonstrations that social presence enhances utilisation of task-central cues (e.g. Bruning, 

Capage, Kozuh, Young & Young, 1968; Geen, 1976; Huguet, Galvaing, Monteil & Dumas, 1999; 

Muller, Atzena & Butera, 2004), yet no studies to date, have examined whether social presence 

can induce spatial attentional focusing, as suggested by Baron (1986). This possibility is tested in 

the current study with the use of a task which assesses spatial breadth of attention, namely the 

Navon letter task (Navon, 1977).   

 

The Navon letter task assesses processing of global and local stimulus features. Stimuli are 

comprised of large letters made up from smaller letters. Participants are asked to identify target 

letters, which may occur at the global level (i.e. the large letter), or the local level (i.e. the smaller 
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letters which make up the larger one). Individuals (particularly in Western cultures) are generally 

faster at identifying global stimulus features than they are local stimulus features (Davidoff, 

Fonteneau & Fagot, 2008; but see Miller, 1981); this effect is termed global precedence (Navon, 

1981). If social presence is associated with spatial focusing of attention, then the global 

precedence effect is expected to be reduced (or even reversed) under such conditions.  

 

 

Multi-Tasking 

 

Wagstaff et al (2008) note a distinction in the types of tasks that are typically associated with 

social facilitation on the one hand, and social impairment of the other. The former includes tasks 

which require nonexecutive, posterior, automatic functions, with the latter including tasks which 

require executive, frontal, controlled functions. The implication is that the more cognitively 

demanding a task is, the more susceptible it should be to social impairment effects.   

 

Multi-tasking is a broad concept in psychology and can be divided into situations requiring 

flexibility in switching between tasks, and situations requiring simultaneous performance of two 

different tasks. The former is the more ecologically relevant concept of multi-tasking and requires 

a unique set of executive cognitive functions (i.e. task planning, scheduling/prioritising, ignoring 

irrelevant information; Royall et al, 2002). Given the high demands placed on executive functions 

in such situations, an experimental paradigm which has previously been used to examine task 

switching (Stoet, O’Connor, Connor & Laws, 2013) is utilised in the current study to test the 

hypothesis derived from Wagstaff et al (2008) that performance on a task such as this (which 

requires co-ordination of multiple executive functions with working memory) should be 

particularly susceptible to social impairment. The effect of social presence on executive 

functioning has been empirically examined in several studies; these are described in the following 

section. As should become apparent, while they do, on the whole, tend to support Wagstaff et al’s 

(2008) theory, the question of how social presence impacts executive functions is far from clear.  

 

The final section of this Introduction introduces the Posnerian tripartite model of attention, and an 

experimental paradigm which assesses attentional network efficiency (the Attention Network 

Test), which is used in the current study to address the effect of evaluative presence on executive 

attention.  
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Core Executive Functions 

 

Executive functions (EFs) are comprised of a range of cognitive processes, necessary for 

regulation of goal-directed behaviour (Hofmann, Schmeichel & Baddely, 2012). A full 

description of executive functioning is far beyond the scope of this chapter, although the “core’ 

executive functions include inhibition (of behaviour, as in response inhibition during Go/No Go 

task), interference control (i.e. selective attention and cognitive inhibition), working memory and 

cognitive flexibility (Diamond, 2013). Several of the core EFs have been investigated in relation 

to social presence; these studies are summarised below.   

 

Cue utilisation theory in terms of SFI effects, as described above, is essentially a description of 

how social presence impacts interference control, and suggests social presence enhances 

perceptual and attentional inhibition of peripheral information (which may in turn facilitate, or 

impair task performance, depending on the range of information required for successful 

performance of the task). Several studies provide evidence that social presence facilitates 

inhibition of peripheral task information. Huguet, Galvaing, Monteil and Dumas (1999) 

demonstrated a reduction in Stroop interference associated with observer presence (compared to 

no observer), and an attentive observer was associated with reduced Stroop interference relative to 

an inattentive or invisible observer. The authors attribute the effect to reduced utilisation of 

peripheral cues (i.e. the semantic content of the printed word), but it’s also plausible the effect is 

due to facilitation of response inhibition under social presence (but see Klauer, Herfordt & Voss, 

2008, and McFall, Jamieson & Harkins, 2009, for alternative explanations for this finding). In 

either case, the finding suggests social presence may facilitate at least one of the core EFs 

(cognitive and/or response inhibition).  

An example of social presence affecting selective attention is provided by Wuhr and Huestegge 

(2010), who used a spatial cueing paradigm in which a target was preceded by a cue which was 

itself presented either centrally (e.g. an arrowhead indicating the position of the upcoming target), 

or peripherally (e.g. appearing at the location of the upcoming target). In such paradigms, 

response times are typically quicker, and errors fewer, for validly cued, as opposed to invalidly 

cued targets (cueing effect e.g. Remington, Johnston & Yantis, 1992).  

Wuhr and Huestegge (2010) were interested in how social presence affected processing of central 

cues (which rely on endogenous attentional orienting, as they are symbolic and require 

interpretation) and peripheral cues (which induce exogenous, involuntary attentional orienting). 

Results indicated that experimenter presence reduced the cueing effect for central, symbolic cues, 

whereas the cueing effect from peripheral cues was unaffected by experimenter presence. This 

finding implies endogenous attentional orienting, but not exogenous orienting, is moderated by 
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social presence, although the authors offer an alternative explanation, suggesting social presence 

necessitates environmental monitoring and representation of the observer’s behaviour which 

consumed limited working memory resources that are required for processing of symbolic (but 

not necessarily peripheral) cues (Jonides, 1981). While these alternative explanations both suggest 

social presence impacts executive functions (i.e. working memory and/or selective attention), 

while leaving bottom-up (i.e. exogenous, involuntary) attentional orienting relatively unaffected, 

they differ in the specific function to which the observed result is attributed (i.e. working memory 

vs. voluntary attentional orienting), highlighting the need for further research into the effects of 

social presence on executive functioning.  

Dreisbach and Bottcher (2011) asked female participants to perform an Eriksen flanker task in 

which each trial was preceded by a picture of either a natural landscape, or an attractive woman. 

A co-actor (either the participants’ partner or a student who was unknown to them) concurrently 

rated each picture (both landscapes and attractive women) in terms of their beauty. The authors 

hypothesised that pictures of attractive women (compared to pictures of landscapes) would lead to 

increased RTs for subsequent incongruent Flanker trials (i.e. impair cognitive and response 

inhibition) as the self-relevance of the co-actor’s assessment of the pre-trial picture would trigger 

a distracting, affective reaction (leading to attentional focus for the central cue and reduce 

attention to peripheral flankers). There were two control conditions; in one of these, the co-actor 

performed the Eriksen flanker task, rather than the picture rating task (i.e. there was social 

presence but no self-relevant social evaluation). In the other control condition, the participants 

themselves rated the images, and there was no co-actor. Thus, the impact of the pictures 

themselves was controlled for, but there was again no social evaluation. In both control 

conditions, RTs for incongruent trials did not differ depending on whether they were preceded by 

a picture of an attractive woman or a landscape. However, in the co-actor condition, pictures of 

attractive women (compared to pictures of landscapes) led to significantly increased RTs on 

subsequent incongruent trials when they were rated by the co-actor, regardless of whether the co-

actor was a student or the participant’s partner. The authors interpret this result as evidence that 

the attentional narrowing effect proposed by attention-based accounts of SFI effects is caused by 

an affective response to social-evaluative context. Regardless of whether the mechanism 

underlying these results is indeed affective in nature, these findings support the idea that social-

evaluative context impacts executive attentional control.  

Karremans, Verwijmeren, Pronk and Reitsma (2009) demonstrated that for male, but not female 

participants, mixed-sex interactions impaired performance on a subsequent working memory 

(Experiment 1) and a cognitively demanding modified Simon task which required task-switching 

and inhibition (Experiment 2). Self-report data (and the finding that the effect was moderated by 

how attractive the interaction partner was perceived to be) suggest the performance impairment 
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was caused by interference from self-presentation and impression management processes, 

consistent with findings that racial attitudes (assessed with an Implicit Association Test) predicted 

Stroop interference following an interracial, but not same-race interaction (Richeson & Shelton, 

2003). Furthermore, this effect could be moderated by varying self-regulatory demands (Richeson 

& Trawalter, 2005), suggesting these effects are likely attributable (at least in part) to interference 

from self-regulatory processes.  

 

In summary, there have been numerous demonstrations that social-evaluative context can 

significantly impact executive functioning. Given the variety of tasks on which performance 

appears to be affected by the social-evaluative context (both across and within studies e.g. 

Karremans et al, 2009), it appears that social presence, as well as interactions requiring self-

regulation or impression management, can impair executive functioning across domains such as 

working memory, inhibition and task-switching. However, the generality of these findings, and 

the varying methodologies which produced them, makes them difficult to interpret 

mechanistically. The current study, in using three tasks which require different executive 

functions, as well as EEG recordings, within the same social-evaluative context, aims to elucidate 

the neurocognitive underpinnings of the effects of social presence on executive functioning.  

 

 

Attentional Network Efficiency 

 

Posner and Peterson’s (1990) influential tripartite model views attention as being comprised of 

three anatomically and functionally distinct attentional networks; the alerting, orienting and 

executive attention networks. The alerting network is responsible for achieving and maintaining a 

state of readiness to engage with the environment. It is thought to be modulated by noradrenaline 

(Coull, Frith, Frackowiak, & Grasby, 1996; Marrocco, Witte & Davidson, 1994) and primarily 

includes the thalamus and posterior cortical regions, as well as some frontal regions. The orienting 

network is responsible for attending to a particular stimulus from a range of possible inputs (e.g. 

tracking an object through a complex visual scene). It is modulated by acetylcholine and consists 

of midbrain structures such as the thalamus (particularly the pulvinar nucleus) and superior 

colliculus, as well as the frontal eye fields, superior temporal lobe and temporoparietal junction 

(Corbetta et al, 2000; Corbetta & Schulman, 2002). The executive attention network serves 

several functions related to self-regulation e.g. response inhibition, error and conflict monitoring, 

and allocating attentional resources in accordance with task demands. It is modulated by 

dopamine, consistent with a wider conceptualisation of this neurotransmitter as responsible for 

reward and approach-related motivational behaviour (hence the role of dopamine in dysfunction 

of reward systems associated with addictive disorders; Arias-Carrion, Stamelou, Murillo-

Rodriguez, Menendez-Gonzalez & Poppel, 2010; Baik, 2013; Bressan & Crippa, 2005; Di Charia, 
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1999; Volkow, Wise & Baler, 2017). Anatomically, the executive attention network consists 

primarily of the anterior cingulate gyrus and areas in the prefrontal cortex (Bush, Luu & Posner, 

2000; MacDonald, Cohen, Stenger & Carter, 2000). 

 

While these networks functionally overlap, there is a wealth of evidence showing they are 

generally distinct, both physiologically (i.e. they are modulated by different neurotransmitters and 

consist of anatomically-distinct regions; Fan, McCandliss, Fossella, Flombaum & Posner, 2005) 

and functionally (i.e. experimental paradigms that assess the efficiency of each network show that 

the performance of each is generally uncorrelated when other factors, such as age and general 

cognitive performance are taken into account). The Attention Network Test (ANT; Fan, 

McCandliss, Sommer, Raz & Posner, 2002) assesses the efficiency of each of these networks 

within a single experimental paradigm. By using the ANT within the context of a social 

facilitation paradigm, it is hoped not only that the precise attentional mechanisms of SFI effects 

may be more clearly elucidated, but also several specific theoretically derived hypotheses can be 

tested. Firstly, if SFI effects are attributable in part to a socially induced increase in arousal (e.g. 

Zajonc, 1965) then one would expect evaluative presence to be associated with increased 

efficiency of the alerting network. Secondly, while Wuhr and Huestegge (2010) interpret their 

finding (i.e. reduced utilisation of central, but not peripheral cues, under experimenter presence) 

in terms of working memory, it is also plausible that experimenter presence impaired voluntary, 

endogenous (but not involuntary, exogenous) visuospatial attention. If this is the case, then 

orienting network efficiency should be reduced by social presence in the current study. Finally, 

given the numerous studies which appear to show impaired executive functioning associated with 

a variety of social-evaluative contexts (described above), efficiency of the executive attention 

network is expected to be reduced by evaluative presence.  

 

In summary, the current study aims to contribute to the literature on the effects of social-

evaluative context on executive functioning by examining the effect of an evaluative observer on 

various executive functions, as assessed by three separate tasks, in conjunction with EEG 

recordings which can elucidate the neurocognitive mechanisms associated with such effects. 

Specific research questions addressed are whether socially induced attentional narrowing (e.g. cue 

utilisation theory, distraction-conflict hypothesis) operates in the spatial domain (which would 

manifest as a reduction, or reversal of the global precedence effect), whether the findings of Wuhr 

and Huestegge (2010; i.e. that social presence impairs processing of central, symbolic, but not 

peripheral, physical cues) are likely to attributable to working memory or attentional orienting 

processes and whether efficiency of the alerting attentional network is affected by social presence 

(cf. Zajonc, 1965).  
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Figure 13: Schematic of attentional network assessment in the Attention Network Test 

 

Methods 
 

Participants 

 

Participants were 20 students and staff members from the University of Bath (10 females; age 

24.75, SD = 5.56 years). To be included in the study, participants had to confirm they were at 

least 18 years old, had no previous neurological damage (e.g. as a result of a head injury), no 

history of conditions of which neurological damage was a feature (e.g. epilepsy) and had normal 

or corrected-to-normal vision. Participants were reimbursed financially or with course credits. The 

study was approved by the Department of Psychology’s ethics committee at the University of 

Bath. 

 

Procedure 

 

Upon arriving to the lab, participants were given a consent form, confirming their understanding 

of the procedure, anonymity of data and right to withdraw. Participants were then fitted with an 

EEG cap before beginning the experiment. The experimental procedure consisted of the three 

experimental tasks (Navon letter task, multi-tasking paradigm, and ANT). Each task was 

completed alone (in a Faraday cage i.e. the experimenter was out of sight) or under evaluative 

presence (described below). The order of experimental conditions (i.e. alone/evaluative presence), 
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as well as the order of tasks, was counterbalanced across participants. The order of the tasks 

across conditions was consistent within-participants (i.e. participants completed the three tasks 

under one condition, then completed the tasks in the same order, under the other condition), in an 

attempt to keep practice and fatigue effects evenly distributed across tasks. Throughout the 

experiment, participants were sat approximately 70cm away from the stimulus display monitor. 

The laptop used in the evaluative presence condition (described below), was placed directly in 

front of the stimulus display monitor.  

 

Upon completing all tasks across both conditions, participants were given a short (3 items) 

questionnaire which served as a manipulation check (described below). They were then 

reimbursed, thanked and debriefed.  

 

 

Description of EEG Data Acquisition 

 

EEG signals were sampled at 1000 Hz using a GES 400 system (Electrical Geodesics Inc; EGI, 

Eugene, OR, USA) and a 65 channel HydroCel Geodesic Sensor Net fitted with silver-silver 

chloride sponge sensors). A common Cz reference was used, and data were online low pass 

filtered at 250Hz. Impedances were kept below 50kΩ throughout recordings, in accordance with 

the manufacturer’s recommendations.  

 

Description of Tasks 

 

All tasks were programmed and presented using e-Prime 2.0.  

 

 
Navon Task 

 

The Navon task (Navon, 1977) consists of trials in which a large letter (in this study, H, L, O, U, 

S or T), made up of smaller letters (H, L, O, U, S or T) is presented. Stimuli were presented in 

white on a black background. Participants were asked to determine if an H or O is present in a 

given trial. If there was an H or O (which could be either the large letter or the smaller letters 

which comprise the larger one), the participant responded with a ‘b’ button press. If there was no 

H or O on a given trial (e.g. a large T made up of small Ss), then they responded with a ‘n’ button 

press. Trials could therefore be classified as ‘global target’ (large H or O; n = 28), ‘local target’ 

(small H or O; n = 28) or ‘non-target’ (no H or O; n = 56). Each trial began with a fixation cross 

which remained on screen for 100ms before the stimulus appeared. The stimulus remained on 

screen until the participant responded, up to a maximum of 4000ms. After each trial, the 
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participant received feedback (correct, incorrect or ‘too slow’) which remained on screen for 

500ms. Thus, the inter-stimulus interval (ISI) was 600ms. There were 112 trials in total, and the 

same stimuli set were used by each participant (16 individual stimuli, each presented 7 times).  

 

 

 
 

 

Figure 14: Schematic of trials in Navon letter task 

 

Multi-Tasking Paradigm 

 

In this paradigm, probe stimuli consisting of two distinct features (shape and filling) were 

presented and participants were required to respond to one of the probe features; which feature 

was attended and responded to depended on where in the display the stimulus is presented. Each 

trial began with a blank display of two vertically adjacent boxes, with the probe appearing in 

either the top box (in which case participants responded to the shape of the probe) or the bottom 

box (in which case the participants respond to the filling of the probe). The probes themselves 

were either a diamond or a square and were filled with either two or three dots. There were thus 

four different probes, and the correct response to each depended on whether participants were 

asked to respond to the probe’s shape or filling. Response contingences are presented in figure 15. 

In each trial, the stimulus frame was displayed for 1000ms (in lieu of a fixation cross). The probe 

then appeared and remained on screen until participants had responded (up to a maximum of a 

3000ms). Participants completed 8 practice trials before completing the main block, in which 

there were 48 shape trials and 48 filling trials (total n = 96 trials). 

 

 

 

 

 

 

‘Non-target’ trial 

100ms 
‘Global target’ 

trial ‘Local target’ 
trial 
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Figure 15: Instructions and response-contingencies for the multi-tasking paradigm 

 
 
 

 

 

 

 

 

 

 

 

 
 

 

Figure 16: Schematic of stimuli and durations in the multi-tasking paradigm 

 

Attention Network Test 

 

The ANT (Fan et al, 2002) can be broadly summarised as an Eriksen flanker task (Eriksen & 

Eriksen, 1974), embedded within a Posner cueing paradigm (Posner, 1980). Participants are 

required to indicate the direction of a central arrowhead, flanked by either congruent arrowheads 

(i.e. pointing in the same direction), incongruent arrowheads (i.e. pointing in the opposite 

1000ms 
4000ms (or until 

response) 
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direction) or neutral (control) flankers (‘+’ symbols). The ANT differs from a typical flanker task 

as each flanker display is preceded by a cue (in this case, an asterisk) which warns participants 

about the onset of the subsequent flanker display. Cues may be presented centrally, or above, 

below or on both sides of a central fixation cross, and can therefore be considered as temporal 

cues (i.e. cues presented centrally, or both sides of the fixation), which warn the participant about 

the upcoming flanker stimulus, but do not provide any information about their location, or spatial 

cues (i.e. cues presented either above or below the fixation. These cues are always valid with 

regards to the flanker’s location, and therefore provide both temporal and spatial information 

about the flanker). Additionally, some trials do not contain any cue; in these no cue condition, the 

flanker display appears abruptly without any prior warning. 

 

By comparing response times for different trial types, the efficiency of each attentional network 

can be computed, with lower values indicating greater efficiency. The alerting network efficiency 

is measured by subtracting the average response times for double cue trials from the average 

response times for no cue trials. In double cue trials the participants are exogenously alerted about 

the subsequent flanker display, whereas in no cue trials participants receive no warning. The 

difference in response times for these trials therefore captures the participants’ endogenous 

alertness.  

 

The efficiency of the orienting network is computed by subtracting average response times for 

spatial cue trials from the average response time for central cue trials. In both these trial types, the 

participant is given a temporal warning about the upcoming flanker display, so the alerting effect 

of the cue is maintained across the trial types. However, in the central cue trial, the participant has 

no information about the location of the imminent flanker display, and so must endogenously 

orient their attention to it when it appears. On the other hand, in the spatial cue trials, the cue 

informs the participant where the flanker display will appear (as they are always valid) and so the 

participant’s attention is exogenously oriented.  

 

Executive network efficiency is calculated by subtracting average response times for congruent 

flanker displays from average response times for incongruent flanker displays. In a typical flanker 

task, there is generally a congruency effect whereby participants are quicker to respond to 

congruent than incongruent trials, with the difference reflecting executive functions (e.g. 

cognitive and/or response inhibition) which are recruited during incongruent trials.  

 

In the current study, each trial began with a fixation cross that appeared on screen for a 

randomised duration of 300-1500ms. The cue was then presented for 100ms (in no cue trials, the 

fixation cross simply remained on screen for an additional 100ms). An interval fixation cross was 

then presented for 300ms before the target flanker display appeared and remained on screen until 
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the participant responded (up until a maximum of 1700ms). In a practice block, feedback was 

presented for 1000ms after each trial, and informed participants about the speed and accuracy of 

their response. There were 4 possible warning types (no cue, double cue, spatial cue, central cue; 

each presented 24 times), and 3 flanker types (congruent, incongruent or neutral, in which the 

central arrow was flanked by ‘+’ signs; each presented 32 times), for a total of 96 trials.  

 

 

 
 

 

Figure 17: Schematic of ANT trial. This example shows a trial in which a spatial cue precedes an incongruent flanker 

 

Evaluative Presence Manipulation 

 

Evaluative presence in this study was implemented as an ostensibly live female observer, 

watching the participant through a video-calling program (Skype), running on a laptop placed 

between the participant and the stimulus-presentation monitor. In fact, what the participants saw 

was a video recorded at a prior occasion, through screen capture software of the ‘observer’ 

watching a low-arousal video (a nature documentary), recorded in the form of a Skype call to 

increase believability. The use of a video allowed for consistency in the evaluative presence 

exposure for each participant. The presence of the ‘observer’ was explained to the participant 

through a verbalised statement from the experimenter; “For this part of the experiment, my 

colleague will be watching via a Skype call to check for compliance with the EEG procedures. 

She will also see a live stream of your monitor so can see how you perform on the task. There’ll 

be no sound on the call and she’s been asked to minimise distractions, so please try and simply 

focus on the task”. The actor in the video was a staff member at the University of Bath, who gave 

informed consent to be recorded, and for the video to be used in the experiment. They were 

financially reimbursed for the filming. 

 

 

300-1500ms 
100ms 

300ms 
1700ms (or until response) 
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Validation Check 

 

Upon completing the experimental procedure, and before debriefing, participants were given a 

three-item questionnaire designed to check the validity of the evaluative presence manipulation. 

On a 5-point scale (1 = ‘Not at all’, 5 = ‘very much’) participants were asked; “to what extent did 

you feel the person in the Skype call was watching you?”, “to what extent did you feel your 

performance was being evaluated by the person in the Skype call?”, and “to what extent did you 

feel your performance was being evaluated when the Skype caller was not there?” 

 

 

Drift-Diffusion Modelling 

 

The basis of analysis for behavioural data in experimental psychology is typically average 

reaction time for correct responses, and proportion of correct responses. As noted by 

Wagenmakers, van der Maas and Grasman (2007), there are two major issues with using these 

metrics as a measure of performance. The first is a lack of a common index of performance, and 

the second is that usage of information is poor when only response times and error rates are 

analysed. In attempting to combine reaction times and errors into a common metric, it is unclear 

how to weight each variable in a way that accurately quantifies overall performance. Cognitive 

process models attempt to address this problem and increase the amount of information which can 

be obtained from behavioural data distributions. Ratcliff (1978) formulated the first of these 

models (the drift-diffusion model), modelling decision making as a process whereby noisy 

evidence is accumulated towards a decision boundary (Bitzer, Park, Blankenburg & Kiebel, 

2014).  

 

A primary feature of drift-diffusion models is that they take into account the entire distribution of 

a participants’ responses, in terms of both reaction times and error rates (hence improving 

information usage). There are three key unobserved variables in a typical drift-diffusion model, 

namely quality of information, response conservativeness and non-decision time.  

 

Quality of information is indexed by drift rate; this essentially corresponds to signal-to-noise ratio 

of the information processing system, and indexes how quickly the decision process is reached. It 

therefore reflects factors such as individual differences in perceptual and cognitive processing 

(e.g. Schmiedek, Oberauer, Wilhelm, Süß & Wittmann, 2007) and task difficulty. Drift rates near 

zero produce long RTs and near-chance performance.  

 

Response conservativeness is indexed by boundary separation. When this value is large, the 

decision-making system requires a greater amount of information to reach a decision threshold 
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than when boundary separation is low. Lowering values for this parameter leads to faster RTs at 

the cost of more errors.  

 

The third key variable in diffusion models is non-decision time. This encapsulates the processes 

that make up a response time, other than the decision-making process itself and includes, for 

example, stimulus encoding, as well as preparation and physical execution of the response 

(typically, a button press). Together, these variables provide an unambiguous quantification of 

performance differences. While Ratcliff’s (1978) original diffusion model included seven 

variables, the model used in the current study, the EZ diffusion model (Wagenmakers, van der 

Maas & Grasman, 2007) includes only these three variables. The rationale for using the EZ 

diffusion model, over a more complex model such as Ratcliff’s (1978) diffusion model, is partly 

practical; due to the high number of variables that must be calculated in the Ratcliff model, it is 

prohibitively complicated for applied researchers (Schwarz, 2001; Vandekerckhove & Tuerlinckx, 

2007). Specifically, infinite oscillating series in the expression of cumulative distribution and 

probability density functions (Ratcliff & Tuerlinckx, 2002) and partly intractable integrals which 

arise as a result of parameters which are allowed to vary on a trial-by-trial basis (Tuerlinckx, 

2004) present considerable numerical, statistical and software challenges. More importantly 

however, the Ratcliff model requires the entire RT distribution, including the distribution of 

incorrect responses. In many experimental tasks, there are relatively few error trials; applying 

seven parameters to such a a small distribution can lead to many problems (for example, high-

variance parameter estimates and sensitivity to starting values; Wagenmakers et al, 2007). This 

becomes even more problematic with relatively low error-rates (which were generally observed in 

the current study, as shown in the next section). There is also evidence the relative simplicity of 

the EZ model means it is better able to detect experimental effects than the full diffusion model in 

some cases (Lerche & Voss, 2016; van Ravenswaaij, Donkin & Vendekerckhove, 2017). 

 

Results 
 

Navon Task 

 

Behavioural Data Trimming 

 

Responses less than 200ms or greater than 2500ms were discarded. This resulted in 0.42% of 

trials being discarded. For each participant, median response times for correct-only trials, and 

number of errors were calculated for each condition, as well as response times for each individual 

trial type (i.e. global target, local target and non-target).  
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Assumptions - All DVs were normalised (i.e. z-transformed) to check for outliers. No extreme 

values (i.e. r 3 SD from the mean) were detected. 

 

Normality was assessed with Shapiro-Wilks tests, for RT and error rates in both each 

experimental condition. Results indicated non-normality for RT in the EP condition (W = .895, p 

= .033). All other DVs were normally distributed.  

 

Visual inspection of the distribution for the non-normal variable (i.e. RTs in ‘evaluative presence’ 

condition) suggests the normality violation was caused by positive skew. Computing a log 

transform of each DV not only failed to solve the normality violation for the DVs listed above, 

but the log-transformed distribution for errors in the EP condition also became non-normal with 

this procedure. As commonly used non-parametric alternatives to mixed model ANOVAs were 

not suitable for this design (e.g. the Kruskal-Wallis H Test requiring at least three levels of the 

independent variable, and the Mann Whitney U Test requiring independent groups), and 

ANOVAs are generally considered fairly robust to normality violations (Mena, Alarcon, Arnau, 

Bono & Bendayan, 2017), especially skew or kurtosis (with platykurtosis being far more 

problematic; Glass, Peckham & Sanders, 1972), the mixed model ANOVA was used to control 

for practice effects. 

 

 

  
Figure 18: Median RT and error rate for Navon task data (error bars show within-subject 95% confidence interval; 

Cosineau 2005; Loftus & Masson, 1994) 

 

RTs - Due to non-normality of RTs in the ‘evaluative presence’ conditions, RT data were analysed 

with a Wilcoxon signed-rank test. Results indicated RTs in the ‘alone’ (Mdn = 662.8ms) and the 

‘evaluative presence’ (Mdn = 661.8ms) conditions were not significantly different; T = 124, z = 

.709, p = .478. In order to control for practice effects, a mixed model ANOVA, which included 

experimental condition (‘alone’ and ‘evaluative presence’) as a within-subjects factor and block 
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order (‘alone’ or ‘EP’ first) as a between-subjects factor (to control for practice effects) was 

conducted. The first block x condition effect was significant (Wilk’s Lambda = .197, F (1, 18) = 

73.51, p < .001, K� = .803). As shown by the interaction in figure 19 (below), RTs in the EP 

condition were slower when this condition was performed first, and quicker when it was 

performed second. Post-hoc t-tests revealed RTs were significantly slower in the ‘EP first’ (mean 

= 820.95ms, SD = 150.87ms) than the ‘EP second’ (mean = 586.5ms, SD = 66.64ms) condition 

(t(9) = 4.94, p < .001). There was no difference in RTs between the ‘alone first’ (mean = 

690.85ms, SD = 75.27ms) and ‘alone second’ (mean = 641.2ms, SD = 66.64ms) conditions (t(9) = 

1.54, p = 0.16).  

 

 
Figure 19: Interactive effect of block order and evaluative presence for Navon task RTs. (Error bars indicate 95% within-

subject confidence intervals) 

 

Errors - A paired samples t-test revealed errors in the ‘alone’ (M = 4.6, SD = 3.9) and ‘evaluative 

presence’ (M = 5, SD = 3.2) conditions were not significantly different: t(19) = -0.57, p = 0.57. A 

mixed model ANOVA with experimental condition as a within-subjects factor and block order as 

a between-subjects factor revealed a significant condition x block order interaction (Wilk’s 

Lambda = .603, F (1, 18) = 11.84, p = .003, K� = .397). As shown in the interaction plot below 

(figure 20), error rates were highest in the ‘alone’ condition when it was performed first, and 

lowest in the ‘alone’ condition when it was performed second. Post-hoc t-tests revealed there was 

no significant difference between ‘alone first’ and ‘alone second’ (p = .52) and ‘EP first’ and ‘EP 

second’ (p = .18) conditions. 
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Figure 20: Interactive effect of block order and evaluative presence for Navon task errors (Error bars indicate 95% 

within-subject confidence intervals) 

 

Global & Local Processing Efficiency 

 

To test for cue utilisation effects, the effect of social presence on reaction times for each different 

stimuli in the Navon task was subject to a 2 (condition: alone/EP) x 2 (trial type: local 

target/global target) x 2 (first block: alone/EP) mixed model ANOVA, with condition and trial 

type included as within-subjects factors, and first block included as a between-subjects factor. The 

interaction between trial type and condition, as well as the three-way interaction between trial 

type, condition and first block, were non-significant (all Ps > .05). 

 

Drift-Diffusion Modelling of Navon Task Data 

 

Drift rate - The main effect of condition on drift rate was not significant; Wilk’s Lambda = .994, 

F (1, 18) = .101, p = .754, K� = .006. The block order x condition interaction was significant; 

Wilk’s Lambda = .31, F (1, 18) = 40.03, p < .001, K� = .69. Post-hoc t-tests revealed significant 

differences between the ‘alone first’ (mean = .188, SD = .043) and ‘alone second’ (mean = .249, 

SD = .056) conditions; t(18) = -2.71, p = .014). The difference between the ‘EP first’ (mean = 

.169, SD = .029) and ‘EP second’ (mean = .261, SD = .05) was also significant: t(18) = -5.09, p < 

.001.  

 

Boundary Separation - The main effect of condition on boundary separation was not significant 

(Wilk’s Lambda = .998, F (1, 18) = .027, p = .871, K� = .002). The interaction between block 

order and condition was also not significant (Wilk’s Lambda = .955, F (1, 18) = .85, p = .369, K� 

= .045). 
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Non-decision time - The main effect of condition on non-decision time was not significant (Wilk’s 

Lambda = .963, F (1, 18) = .687, p = .418, K� = .037). The interaction between block order and 

condition was significant (Wilk’s Lambda = .612, F (1, 18) = 11.407, p = .003, K� = .388). Post-

hoc t-tests reveal significant differences between ‘EP first’ (mean = .5, SD = .1) and ‘EP second’ 

(mean = .39, SD = .06) conditions; t(18) = 2.93, p = .009). The difference between ‘alone first’ 

and ‘alone second’ conditions was non-significant (p = .06). First conditions (EP/alone) and 

second conditions (EP/alone) did not differ (all Ps > .05).  

 

 

 
Figure 21: Interactive effect of block order and evaluative presence for Navon task drift rate and non-decision time. 

(Error bars indicate 95% within-subject confidence intervals) 

 

Navon Task Behavioural Data Summary 

 

Evaluative presence did not significantly affect behavioural performance, although there was an 

interaction effect whereby RTs were differentially affected by evaluative presence depending on 

whether this condition was performed first or second. Performing the ‘evaluative presence’ 

condition first (i.e. when the task was unlearned) was associated with the slowest RTs in the data 

set, whereas performing the ‘EP’ condition second (i.e. when the task was learned) was associated 

with the fastest RTs in the data set. This interactive effect appears to be primarily related to 

information accumulation as indexed by drift-rate in the drift-diffusion model, as well as non-

decision time. There was no evidence of the hypothesised filtering of spatial attention, whereby 

the global precedence effect was expected to be reduced by evaluative presence.   
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Multi-Tasking Paradigm 

 

 
Figure 22: Median RT and error rate for multi-tasking paradigm data (error bars show 95% within-subject confidence 

intervals) 

 

Behavioural Data Trimming 

 

2 participants’ behavioural data was lost due to technical issues. Results reported in this section 

are based on a sample of n = 18. 

 

Compared to the Navon task, response times were generally longer and RTs over 2500ms were 

relatively common. Thus, trials were discarded if the response time was less than 250ms, or 

greater than 3500ms. This resulted in <0.1% of trials being discarded. 

 

Assumptions - All DVs (median RTs and error rates for both the solo and social conditions) were 

standardised to check for outliers (i.e. r 3 SD from the mean). There were three extreme high 

values, one each for EP RT, EP errors and alone errors. These scores were from three different 

participants.  

 

Normality of RTs and error rates in both conditions was assessed with Shapiro-Wilks tests. 

Results indicated non-normality of RTs in the ‘evaluative presence’ condition (W = .803, p = 

.002), as well as error rates for both the ‘alone’ (W = .722, p < .001) and ‘evaluative presence’ (W 

= .680, p < .001).  

 

Removing the participants with extreme values did not solve the normality issue. Log-

transformations were therefore conducted on all DVs; this resulted in non-significant Shapiro-

Wilk values for all DVs. When controlling for practice effects, separate ANOVAs were conducted 
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with the log-transformed data. Results for ANOVAs with the original and log-transformed data 

did not fundamentally differ (i.e. any effects which were significant or non-significant in the 

original data were also respectively significant or non-significant with the log-transformed data). 

Therefore, for the sake of comparison with other analyses conducted here, the results reported are 

from ANOVAs conducted on the original, non-transformed data. 

 

RTs - Due to non-normality of RTs in the ‘evaluative presence’ condition, RT data were analysed 

with a Wilcoxon signed-rank test. Results indicated RTs in the ‘alone’ (Mdn = 791.8ms) and 

‘evaluative presence’ (Mdn = 761.3ms) were not significantly different; T = 71, z = -.631, p = 

.528. A mixed model ANOVA, which included experimental condition (‘alone’ and ‘evaluative 

presence’) as a within-subjects factor and block order (‘alone’ or ‘EP’ first) as a between-subjects 

factor (to control for practice effects) revealed the interaction between first block (alone/EP) and 

condition was significant (Wilk’s Lambda = .753, F (1, 16) = 5.26, p = .036, K� = .248). As with 

the Navon task, this was driven by evaluative presence being associated with slower response 

times when this was the first condition, and faster response times when EP was the second 

condition. This interaction is shown in figure 23 (below). Excluding the individual with the 

extremely high RT in the EP condition from the analysis reduced this interaction effect to 

marginal significance (Wilk’s Lamba = .899, F (1, 15) = 4.472, p = .052). It should therefore be 

interpreted tentatively. 

 

 
 

Figure 23: Interactive effect of block order and evaluative presence for multi-tasking RT. (Error bars indicate 95% 

within-subject confidence intervals) 

 

Errors - Due to non-normality of error rates in both conditions, error rates were analysed with a 

Wilcoxon signed-rank test. Results indicated error rates in the ‘alone’ (Mdn = 5.5) and ‘evaluative 
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presence’ (Mdn = 6.5) were not significantly different; T = 65, z = -.156, p = .876. The interaction 

between condition and first block was not significant, although it did approach the critical p-value 

(Wilk’s Lambda = .834, F (1, 16) = 3.19, p = .093, K� = .166). Excluding the two participants 

with extreme error values in either condition did not fundamentally change the results. 

 

 
Figure 24: Interactive effect of block order and evaluative presence for multi-tasking errors. (Error bars indicate 95% 

confidence intervals) 

 

 
Drift-Diffusion Modelling of Multi-Tasking Paradigm Data 

 

Drift rate - The main effect of condition on drift rate was not significant; Wilk’s Lambda = .954, 

F (1, 16) = .769, p = .394, K� = .046. The block order x condition interaction was significant; 

Wilk’s Lambda = .553, F (1, 16) = 12.913, p = .002, K� = .447. Post-hoc t-tests revealed no 

significant differences between first/second block for either condition, nor were there any 

significant differences between conditions within first/second block (all Ps > .05).  

 

Boundary Separation - The main effect of condition on boundary separation was not significant 

(Wilk’s Lambda = .98, F (1, 16) = .33, p = .574, K� = .02). The interaction between block order 

and condition was marginally significant (Wilk’s Lambda = .806, F (1, 16) = 3.854, p = .067, K� 

= .194). Post-hoc t-tests revealed no significant differences between first/second block for either 

condition; nor were there any significant differences between conditions within first/second block 

(all Ps > .05).  
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Non-decision time - The main effect of condition on non-decision time was not significant (Wilk’s 

Lambda = .951, F (1, 16) = .821, p = .378, K� = .049). The interaction between block order and 

condition was also not significant (Wilk’s Lambda = .999, F (1, 16) = .01, p = .922, K� = .001).  

 

 
Figure 25: Interactive effect of block order and evaluative presence for multi-tasking drift rate. (Error bars represent 

95% within-subject confidence intervals) 

 

Multi-Tasking Paradigm Behavioural Data Summary 

 

As with the Navon task data, there was no main effect of evaluative presence on RT or error rates, 

although an interaction effect once again revealed that evaluative presence was associated with 

the slowest RTs in the data set when this condition was performed first, and the fastest RTs when 

this condition was performed second. Information accumulation (i.e. drift-rate) once again 

appeared to mediate this effect. Together, these interaction effects are consistent with the classic 

social facilitation effect of improved performance for learned, and impaired performance for 

unlearned tasks.  

 
Post-Hoc Analyses 
 

While there were significant interactions between experimental condition and task order for both 

reaction times and error rates in the Navon task, and reaction times in the multi-tasking paradigm, 

the extent to which these interactions reflect a genuine interaction between task familiarity and 

evaluative presence, above and beyond a general practice effect cannot be immediately 

ascertained.  To further clarify the nature of the significant interactions between experimental 

condition (i.e. ‘alone’ or ‘evaluative presence’) and task order in the Navon and MT tasks, 

behavioural data were examined using a multivariate analysis-of-variance (MANOVA). Median 
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RTs for correct-only trials were included as the dependent variables, and ‘first block’ (i.e. whether 

the participant completed the ‘alone’ or ‘EP’ condition first) included as a fixed factor.  

 

For the Navon task, The effect of ‘first block’ (i.e. ‘alone’ or ‘EP’) on RT was significant for the 

‘EP’ condition (F(1, 18) = 20.206, p < .001, K� = .529), but not the ‘alone’ condition (F(1, 18) = 

1.052, p = .319, K� = .055). For errors, the effect of ‘first block’ was significant for the ‘alone’ 

condition (F(1, 18) = 6.43, p = .021, K� = .263), but not the ‘EP’ condition (F(1, 18) = .075, p = 

.788, K� = .004).  

 

For the MT paradigm, the effect of ‘first block’ on RT was not significant for either the ‘alone’ 

(F(1, 16) = 0.02, p = .889, K� = .001) or the ‘EP’ (F(1, 16) = 2.485, p = .134, K� = .134) 

conditions. The effect of ‘first block’ was also not significant for errors in the ‘alone’ (F(1, 16) = 

.217, p = .648, K� = .013) or ‘EP’ conditions (F(1, 16) = 1.429, p = .249, K� = .082). 

 

These results suggest that for the Navon task, the significant interaction between experimental 

condition and task order was primarily due to the interaction between task learnedness and 

evaluative presence specifically. For the MT paradigm, on the other hand, this interaction appears 

to be driven by a general practice effect.  

 

Attention Network Test 

 

 
Figure 26: Median RT and error rate for ANT data (error bars show 95% within-subject confidence intervals) 

 
Behavioural Data Trimming 

 
For the ANT data, correct-only RTs were calculated for each condition, and each individual trial 

type. Summaries of behavioural data are provided in table 6 (below). One participant’s data for 

480

490

500

510

520

530

Alone  EP

RT
 -

m
s

Attention Network Test
RTs

2

3

4

5

6

7

Alone  EP

Er
ro

rs

Attention Network Test
Errors



 
 

85

the ANT was lost due to technical issues. Results reported in this section are based on a sample of 

n = 19. 

 

 

 

 

 

 

 

Assumptions 

 
Normality of RTs and error rates in both conditions was assessed with Shapiro-Wilks tests. 

Results indicated non-normality of RTs in both the ‘alone’ (W = .801, p = .001) and ‘evaluative 

presence’ (W = .796, p = .001) conditions, as well as non-normality of error rates for both the 

‘alone’ (W = .863, p = .011) and ‘evaluative presence’ (W = .863, p = .011) conditions.  

 

RTs & Error Rates - A Wilcoxon signed-rank test indicated RTs did not differ between the 

‘alone’ (Mdn = 516.1ms) and ‘evaluative presence’ (Mdn = 502.6ms) conditions; T = 137, z = 

1.69, p = .091. There was also no significant difference in errors between the ‘alone’ (Mdn = 3) 

and ‘evaluative presence’ (Mdn = 3) conditions; T = 47, z = -.745, p = .456. To control for 

practice effects, RTs and errors were subjected to mixed model repeated-measures ANOVAs with 

experimental condition (alone/evaluative presence; EP) included as a within-subjects factor, and 

block order (i.e. whether the alone or EP condition was completed first) included as a between-

subjects factor. The first block x condition interaction was significant for RTs (Wilk’s Lambda = 

.552, F (1, 17) = 18.13, p = .001, K� = .516), but not for errors (Wilk’s Lambda = .999, F (1, 17) = 

.009, p = .926).  

 

 Alone (SD) Evaluative Presence (SD) 

RT 516.06 (103.98) 502.59 (92.79) 

Errors 5.05 (4.86) 3.74 (2.92) 

Table 6: Behavioural performance for Attention Network Test 
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Figure 27: Interactive effect of block order and evaluative presence for ANT median RT (Error bars indicate 95% within-

subject confidence intervals) 

 

 
Figure 28: Interactive effect of block order and evaluative presence for ANT errors. (Error bars indicate 95% within-

subject confidence intervals) 

 

Attentional Networks - Summaries of the efficiency of each attentional network, in each condition, 

is shown in figure 29 (below). Efficiency values for each network was subject to a paired-samples 

t-test. 
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Figure 29: Attentional network efficiency in the ANT. * = significant at p < .05. (Error bars indicate 95% within-subject 

confidence intervals) 

 

Alerting Network - Paired samples t-test revealed alerting network was significantly less efficient 

in the ‘alone’ condition than it was in the ‘EP’ condition: t(18) = 2.65, p = .016 (d = .749). 

 

Orienting Network - Paired samples t-test revealed orienting network efficiency did not 

significantly differ between the ‘alone’ and ‘EP’ conditions: t(18) = -.412 , p = .686 (d = -.138). 

 

Executive Network - Paired samples t-test revealed executive network efficiency did not 

significantly differ between the ‘alone’ and ‘EP’ conditions: t(18) = .958, p = .351 (d = .11). 
 

As network efficiency measures are calculated using difference scores, it is not immediately clear 

whether the enhanced alerting network efficiency in the EP condition is caused by faster response 

times for ‘no cue’ trials in this condition, slower response times for ‘double cue’ trials in the alone 

condition, or some combination of both. Therefore, repeated measures ANOVAs were conducted 

for RTs for no cue and double cue trials between the alone and EP conditions, with experimental 

condition (‘alone’/’evaluative presence’) included as a within-subjects factor and block order 

included as a between-subjects factor to control for order effects. Results indicated a significant 

main effect of experimental condition on double cue trial RT; F(1, 17) = 5.743, p = 0.028, while 

there was no significant main effect of condition on no cue trial RT; F(1,17) = 1.959, p = .18. 

Furthermore, the experimental condition x block order interaction was significant for double cue 

trials (F(1,17) = 5.476, p = .032) but not no cue trials (F(1,17) = .002, p = .97). Thus, the 

significant effect of evaluative presence on alerting network efficiency appears to be driven not 

by an increase of endogenous alertness associated with evaluative presence, but rather a presence-
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induced reduction in the utilisation of double cues (particularly when this block was performed 

first i.e. when the task was unfamiliar). 

 

 
Figure 30: RTs for ‘no cue’ and ‘double cue’ trials in the ‘alone’ and ‘EP’ conditions (Error bars indicate 95% within-

subject confidence intervals) 

 

Drift-Diffusion Modelling of ANT Data 

 

Drift rate - The effect of condition on drift rate was not significant (Wilk’s Lambda = .999, F (1, 

17) = .021, p = .887, K� = .001). The interaction between block order and condition was also not 

significant (Wilk’s Lambda = .848, F (1, 17) = 3.048, p = .099, K� = .152). 

 

Boundary Separation - The main effect of condition on boundary separation was not significant 

(Wilk’s Lamba = .969, F (1,17) = .539, p = .473, K� = .031). There was a significant interaction 

between block order and condition (Wilk’s Lambda = .78, F (1, 17) = 4.798, p = .043, K� = .22). 

 

Non-decision time - The main effect of condition on non-decision time was non-significant 

(Wilk’s Lambda = .936, F (1, 17) = 1.171, p = .294, K� = .064). The interaction between block 

order and condition was also not significant (Wilks Lambda = 1, F (1, 17) = .003, p = .958, K� < 

.001). 
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Figure 31: Interactive effect of block order and evaluative presence for ANT boundary separation. Error bars represent 

95% within-subject confidence interval 

 

ANT Behavioural Data Summary 

 

There was no main effect of evaluative presence on either RTs or error rates. There was once 

again an interaction effect between block order and condition for RTs, although unlike the Navon 

task and multi-tasking paradigms, RTs appeared to increase between the first and second blocks, 

and the moderating effect of practice appeared to be stronger in the alone, rather than the EP 

condition. 

 

Evaluative presence was associated with a significant increase in efficiency of the alerting 

network, and this appeared to be predominantly due to reduced utilisation of double (temporal) 

cues in this condition.  

 

 

Validation Check 

 

A paired sample t-test revealed there was no significant difference in the extent to which 

participants reported feeling evaluated in the ‘alone’ (M = 3.15) and ‘evaluative presence’ (M = 

2.9) conditions; t(18) = -0.74, p = .49). 
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EEG Analysis 

 

Averaged ERPs obtained for each individual trial type, in each task, were subjected to non-

parametric cluster-based permutation testing using the FieldTrip toolbox for MATLAB 

(described by Oostenveld, Fries, Maris & Schoffelen, 2011; see Stothart & Kazanina, 2013, for 

an example of this approach applied to analysis of the visual mismatch negativity). This is a data 

driven approach for analysing EEG (and MEG) data, controlling for multiple comparisons when 

testing for differences between data populations across multiple time points and electrode sites. 

T-tests are conducted for each sample point between the data populations being compared, which 

may represent different participant groups, or (as in the current study) different experimental 

conditions. A sample point in this context refers to an individual measurement of voltage from 

a given electrode at a particular time point; the rate at which the waveform is converted into a 

numerical value depends on the sampling rate of the EEG recording system e.g. a system with a 

1000Hz sampling rate with obtain 1000 measurements (samples) per second. In other words, a 

1000Hz sampling rate results in voltage being recorded every 1ms.  

 

Under a cluster-based permutation test, significant t-values are clustered together if their 

spatially and temporally adjacent neighbours also produce a significant t-value when contrasted 

with their corresponding sample point in the comparison population. For each cluster, a summed 

t-value is calculated. A random partition is then performed on the data sets being compared, with 

t-tests once again being conducted between each sample point in the populations of interest. This 

is repeated a user-defined number of times using a Monte Carlo stimulation. If the summed t-

value of the observed data cluster is larger than a number of the random partitions which 

indicates the alpha-level (i.e. 95% of the random partitions for an alpha-level of 0.05, two-tailed) 

then the cluster is considered to represent a significant difference between the two groups.  

 

There are several benefits of this approach. Firstly, it solves the multiple comparison problem 

(demonstrating this is beyond the scope of this chapter, but mathematical proof is provided by 

Maris & Oostenveld, 2007). Traditional approaches to correcting for multiple comparisons are 

simply not appropriate for such high-dimensionality data as EEG recordings. Using the 

Bonferroni method of adjusting the critical alpha level according to the number of comparisons 

being conducted would result in a critical alpha level of .05/64,000 (64 channels x 1,000 time 

points per epoch), or 7.8125e-7. Clearly, this approach is far too conservative when one wishes to 

compare such a large number of samples.  

 

Another benefit to non-parametric cluster-based permutation testing is that it is (almost) entirely 

data driven. When conducting traditional ERP analyses, the researcher must specify in advance a 

particular electrode and particular latency range, increasing the potential for user bias. Asides 
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from setting a few basic parameters (such as the critical alpha value for clustering), there is very 

little potential for user bias when using this non-parametric cluster-based approach. It is also 

arguably far more comprehensive than more traditional ERP-based approaches, as it will highlight 

any significant differences in the data set, including those that may be missed by standard peak 

amplitude/latency analyses. 

 

For the current analysis, time locked EEG data were averaged for each individual participant, in 

each task and each condition (with a 100ms pre-stimulus baseline correction applied). Data were 

re-referenced to an average montage. Automatic artifact correction was applied with a 150mv 

threshold for horizontal eye movements, and a 250mv threshold for vertical eye movements (i.e. 

blinks). Noisy or unresponsive channels were visually identified and interpolated. Following 

interpolation, data were re-referenced to an average montage, and then segregated into epochs 

with a 100ms baseline. Epochs were then automatically rejected if their amplitude range exceeded 

250mv, or their gradient exceeded 75mv. 

 

Cluster-based permutation tests were performed for individual time locked averages recorded 

during the ‘alone’ and ‘evaluative presence’ conditions for each individual task. All electrodes 

were included in the analysis. Time locked data epochs extended from 100ms pre-stimulus onset, 

to 800ms post-stimulus and analysis included the entirety of these epochs. Dependent sample t-

tests were used to obtain the summed cluster t-values. The critical p-value for each cluster was set 

to p = 0.05. The cluster critical value was also set to 0.05, which meant that the observed summed 

t-value for each cluster would have to exceed that of 95% of the random partitions in order to be 

retained. The Monte Carlo simulation included 1,000 permutations. 

 

No significant differences emerged between the experimental conditions for any trial type onset 

for any task, indicating no significant effect of evaluative presence on ERP response for any 

component. There was, however, one cluster which emerged from the time-locked EEG data 

recorded during the multi-tasking paradigm which suggested a marginally significant (p = .061) 

difference between the ‘alone’ and ‘evaluative presence’ condition. This cluster indicates 

increased widespread activity in the ‘EP’ condition (relative to the ‘alone’ condition) between 66 

and 187ms post-stimulus. The electrodes included in the cluster are plotted below. 

 



 
 

92

   
Figure 32: Topographic plot of electrode sites included in multi-tasking cluster 

 

Discussion 
 

This study aimed to investigate the effects of evaluative presence on executive functioning, using 

three cognitively demanding tasks which each assess distinct executive processes. Two overall 

findings emerge, which form the basis of this section and converge on a common conclusion. The 

first is the interaction between evaluative presence and task-learnedness. Results indicate a fairly 

consistent interaction between evaluative presence and task order, such that performance was 

generally impaired when participants first completed the task under evaluative presence (i.e. the 

task was unlearned) and was generally facilitated when participants completed the evaluative 

presence condition second (i.e. the task was learned). The exception to this is the ANT, in which 

performance did not seem to improve with practice. One possible explanation for this is that while 

the multi-tasking and Navon tasks included response contingencies which needed to be learned, 

the response keys for the ANT mapped to the target stimulus properties straightforwardly (i.e. 

left/right mouse button press for a left/right pointing arrow). Therefore, practice effects would not 

necessarily be expected here. While practice effects have been observed in the ANT (Ishigami & 

Klein, 2010), this effect was restricted to incongruent flanker trials alone, and occurred over 

multiple (i.e. 10) training sessions. 

 

Social facilitation and impairment of learned and unlearned tasks, respectively, is noted in the 

earliest formal theory of SFI effects (Zajonc, 1965), in which social presence is proposed to 

increase emission of dominant responses, which tend to be correct when a task is learned, or 
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simple, and incorrect when a task is unfamiliar, or complex. The facilitating effect of social 

presence on dominant responses has been empirically demonstrated in several pseudo-recognition 

studies (e.g. Henchy & Glass, 1968; Zajonc & Nieuwenhuyse, 1964; Zajnc & Sales, 1966). In this 

experimental paradigm, habit strength is manipulated in a training session by presenting stimuli at 

varying frequencies. The number of times each stimulus from the training session is given as an 

answer in a subsequent task (in which participants must identify nonsense syllables) is taken as an 

index of habit strength. These studies suggest the presence of an audience (particularly an 

evaluative audience; Henchy & Glass, 1968) leads to increased emission of dominant responses 

(i.e. stimuli frequently presented in the training block) and reduced emission of subordinate 

responses (i.e. stimuli infrequently presented in the training block). Similar effects have also been 

observed where habit strength is manipulated by varying the complexity of training stimuli 

(Cottrell, Rittle & Wack, 1967) and the latency between the training and testing sessions (Matlin 

& Zajonc, 1968). Together these results support the assertion that social-evaluative presence 

facilitates dominant, and suppresses subordinate responses, although explicit demonstrations of 

the moderating impact of task learnedness per se are relatively scarce. In fact, while several 

studies have examined the effect of social presence on learning in animals (e.g. Frank & Meyer, 

1970, 1974; Gardner & Engel, 1971; Levine & Zentall, 1974; Treichler, Graham & Schweikert, 

1971; Welty, 1934; Zentall & Levine, 1972) there is only one such human study of which the 

author is aware. Hunt and Hillery (1973) examined the effect of a co-actor’s presence on 

performance of a maze learning task in which change in the rate of learning corresponded to a 

change in the dominant response from incorrect to correct. Thus, while the moderating impact of 

task learnedness on SFI effects is regularly cited (alongside task complexity) in the literature (e.g. 

Aiello & Douthitt, 2001; Baron, 1986, Bond, 1982, Sanna, 1992), there are remarkably few 

empirical demonstrations of this. For example, Bond and Titus’ (1983) meta-analysis of 241 

social facilitation studies examined numerous variables including task complexity, evaluation 

potential, the status, visibility and familiarity of the observer and the predictability of their 

behaviour (as well as date of study, participant anxiety and sample size, age and gender 

distribution), yet no mention is made of task familiarity, suggesting an insufficient number of 

relevant studies for inclusion in their analysis. The importance of task familiarity in SFI effects 

therefore appears to have been assumed, based on the predictions of drive theory, but not 

empirically verified. Indeed, an implication of drive theory is that as a task is learned, the effect of 

social presence should crossover from impairment to facilitation (as the dominant response moves 

from incorrect to correct; Geen & Gange, 1977), as seen in Hunt and Hillery’s (1973) study. 

However, the results of the drift-diffusion analysis here suggest the interaction effect is driven by 

information utilisation (as reflected by drift-rate), rather than response-related processes, which 

would be associated with non-decision time (only the Navon task showed a significant interaction 

between block order and evaluative presence on non-decision time). Drift-rate, on the other hand, 

reflected the behavioural interaction effect in both the Navon task and multi-tasking paradigm.  
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Results of the current study not only provide a rare demonstration of the moderating impact of 

task learnedness in the evaluation-performance relationship, but also suggests task learnedness 

may in fact be a far more important factor than task complexity. For example, the multi-tasking 

paradigm could be considered the most complex task in the current study, given its reliance on 

multiple executive functions, and evidenced by relatively high RT and error rates compared to the 

Navon task and ANT. However, a comparison of effect sizes for the difference in RTs between 

‘alone’ and ‘EP’ conditions suggests, if anything, the main effect on evaluative presence on multi-

tasking RT was relatively small (Cohen’s d = 0.08) compared to the effect of EP on RTs for the 

Navon task (Cohen’s d = -0.49) and ANT (Cohen’s d = 0.14).  

 

The second major finding which emerged was the facilitation of the alerting attentional network 

under evaluative presence. This seemed to be caused not by an increase of endogenous alertness 

under evaluative presence, as might be expected given the proposed role of arousal in SFI effects 

(e.g. Bell, Loomis & Cervone, 1982; Carver & Scheier, 1981; Geen & Bushman, 1989; Martens, 

1969a; 1969b; Zajonc, 1965), but rather by reduced utilisation of temporal (particularly double) 

cues associated with EP. There was no evidence for the predicted reduction in the global 

precedence effect in the Navon letter task, and in fact, no evidence of the global precedence effect 

itself. It is tentatively concluded that attentional narrowing, as outlined by cue utilisation does not 

appear to operate in the spatial domain. However, the effect of reduced utilisation of double cues 

in the ANT is consistent with top-down attentional narrowing of task-relevant information. It is 

tentatively proposed that evaluative presence led participants to less effectively utilise double cues 

in the EP condition as cues were not included in the attentional set, due to their physical 

difference from the targets (i.e. asterisks and arrowheads respectively). There have in fact been 

several empirical demonstrations that social and evaluative presence produces effects consistent 

with the strengthening of attentional set for task-relevant information (and conversely, reduced 

attention to task-irrelevant features). 

 

Huguet et al (1999) attribute their finding (that social presence reduced Stroop interference) to 

attentional filtering of the task-irrelevant stimulus feature (i.e. semantic content) which typically 

must be inhibited in this task. The presence of a co-actor (specifically one whose superior 

performance led to upwards social comparison) has been shown to reduce conjunction illusions 

(Muller, Atzeni & Butera, 2004), consistent with reduced interference from task-irrelevant 

distractors under such conditions. Normand and Croizet (2013) similarly report effects consistent 

with attentional narrowing of peripheral information associated with upwards social comparison 

in a visual probe task. Furthermore, Wuhr and Huestegge’s (2010) demonstration that 

experimenter presence reduced utilisation of central, symbolic (but not periperhal, physical cues) 

is also consistent with a top-down modulation of attentional set under evaluative social presence.  
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Direct demonstrations of attentional narrowing for goal-relevant information under conditions of 

mere evaluative pressure (i.e. in the absence of any observable social presence) have also been 

published. Normand, Autin and Croizet (2015) tested the effect of evaluative pressure on 

distractibility under conditions of high perceptual load, which typically reduces distraction, 

purportedly due to high perceptual loads exhausting perceptual resources, leading to reduced 

attentional allocational to distractors (Lavie, 2010). In Normand et al’s (2015) study, performance 

on a response-competition task was indeed affected by perceptual load, such that higher 

perceptual load led to decreased interference from distractors which were physically similar to 

targets. Crucially, however, this was the case only for control participants. Under evaluative 

pressure (in which participants were led to believe their performance was indicative of general 

intelligence), participants showed interference from distractors which shared physical properties 

of the target regardless of perceptual load, suggesting attentional narrowing under evaluative 

pressure led to interference from distractors that fell within the attentional set for goal-relevant 

information. Another study by Normand, Bouquet and Croizet (2014) elaborates on this finding 

mechanistically, suggesting the effect is caused by goal-contingent response priming. They 

demonstrated that evaluative pressure was associated with increased distraction (reflected by 

higher RTs) in a spatial cueing task when distractors were physically similar to the target, and less 

distraction (i.e. lower RTs) when distractors were physically dissimilar. However, when 

participants were asked to merely indicate whether a target was or was not present in a given 

stimulus array, rather than indicate its spatial position, this effect disappeared. Together, the above 

results suggest attentional set is strengthened for task-relevant information under a range of 

social-evaluative contexts, and specifically operates at the level of response selection.  

 

While the current study’s finding of reduced double cue utilisation in the EP condition is 

consistent with an enhancement of attentional set for goal-relevant information, it is unclear why 

central cue utilisation was not similarly affected, although it is worth noting that RTs for central 

cue trials were slower in the EP condition (516.6ms), relative to the alone condition (505.1ms) but 

this difference was not statistically significant (p > .05).  

 

Together, the main findings of the current study (the interaction between EP and task learnedness, 

in terms of behavioural performance and information accumulation, as well as reduced utilisation 

of cues which physically differed from targets) suggest evaluative presence affected cognitive 

processes necessary for task learning (e.g. working memory operations), as well as top-down 

modulation of attention set for goal-relevant information (consistent with the studies reviewed in 

this section). These findings are consistent with that of the previous study (that experimenter 

presence reduced P3 amplitude), insofar as P3 appears to arise from joint operations between 

attentional and working memory functions.  
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Limitations 

 

There are limitations with the current study which may limit its comparability to other studies 

described elsewhere in this section. Most notably, the validation check revealed that participants 

did not generally believe the ostensibly live observer was genuine. Therefore, the current findings 

may speak more to the effects of general distraction, than evaluative presence. However, as the 

findings are consistent with, and interpreted in terms of top-down modulational of attentional set, 

a more believable implementation of social presence should only enhance the observed effects. In 

other words, if the findings can be (broadly and simply) attributed to disruption of attention and 

working memory communication caused by distraction-induced parallel processes, a “real” (or at 

least, believed to be real) observer should only increase the influence of these parallel processes, 

due to the increased salience of the distraction.   

 

The lack of any detectable changes in EEG activity in the current study appears initially 

problematic for the proposed interpretation of effects (i.e. parallel cognitive processes disrupting 

joint attention-working memory processes), as one might assume the presence of such parallel 

processes should be reflected in EEG activity. However, this can be reconciled if one considers 

the nature of how ERPs are collected and analysed. As ERPs, by their very nature, reflect only 

neural activity which is systematically related to specific (task-relevant) events (i.e. stimuli 

onsets), parallel processes would only be reflected by ERPs if they also systematically varied in 

relation to the same events to which ERPs are time-locked. However, there is no reason to expect 

this to be the case. Furthermore, behavioural effects of evaluative presence in the current study 

were generally moderated by task order (i.e. were interaction effects). Attempting to examine 

ERP correlates of interaction effects in the current study was considered inappropriate, as the 

repeated measures design would necessitate comparisons to be conducted on the basis of sample 

sizes which would be too small (i.e. n � 10) to produce reliable results.  

 

The limited sample may also have been insufficient for detecting any main effects of evaluative 

presence on behavioural performance. Due to the lack of previous social facilitation studies 

which have used the tasks reported in this study, estimated sizes of the effects of social presence 

on performance of these tasks are not readily available. However, Bond and Titus (1983) provide 

an estimate for the effect of evaluative potential on the both the quantity of responses (a proxy 

measure for response times) based on the results of 43 studies using complex tasks (Cohen’s d 

= -0.12), as well as quality of responses (a proxy for response accuracy) in 112 studies using 

complex tasks (Cohen’s d = -0.37).  Using these effect size estimates, power analysis using 

G*power (Faul, Erdfelder, Lang & Buetchner, 2007) suggests a sample of 97 would be required 

to detect an effect of social presence on error rate for dependent means, while detection of an 
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effect of social presence on reaction times for dependent means would require a sample size of 

905. 

 

General Conclusion 
 

In summary, the current study failed to find supporting evidence for the hypothesised effect of 

evaluative pressure on spatial cue utilisation (Baron, 1986), or impaired performance specifically 

on the most cognitively demanding task under consideration (e.g. Wagstaff et al, 2008). Nor was 

the predicted impairment of the executive attention network found. While the predicted effect of 

facilitated efficiency of the alerting attentional network was supported, this was not due to faster 

responses to no cue trials (ANT), as implied by drive theory (Zajonc, 1965) but rather to slower 

responses for double cue trials. This finding in particular is consistent with a wealth of evidence 

demonstrating a strengthening of attentional set for goal-relevant information under social-

evaluative presence leading to reduced processing of “goal-irrelevant” information (e.g. Huguet et 

al, 1999; Muller, Atzeni & Butera, 2007, Normand & Croizet, 2013; Normand, Autin & Croizet, 

2015; Normand, Bouquet & Croizet, 2014; Wuhr & Huestegge, 2010). The interaction effects 

whereby the evaluation-performance relationship depended on whether the task was learned or 

unlearned (an often cited, but scarcely demonstrated facet of social facilitation/impairment) 

suggests evaluative presence disrupted task learning in some way. As the study was not designed 

to test task learning specifically, implications should be inferred tentatively. Nonetheless, it is 

suggested that evaluative presence initiates parallel cognitive processes (related to e.g. monitoring 

of self, and/or observer, impression management) which disrupt the joint operation of attention 

and working memory leading to subsequent impairment of task learning. This is consistent with 

findings from the study reported in the previous chapter, where reduced P3 amplitude associated 

with experimenter presence is suggested to similarly reflect disruption to joint operations of 

attention and working memory.  
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Chapter Four: Effects of Video Camera Presence on Cognitive 

Control 
 

Executive Summary 
 

The results of studies reported in the previous chapters consistently demonstrated a general, non-

task specific modulation of attentional set associated with social presence. Given the generality of 

these findings, this study examined the impact of implied social presence (i.e. a video camera) on 

cognitive control, assessed through the AX-CPT. Data-driven analysis of EEG data showed 

camera presence was associated with enhanced selective processing of target trials only, reflected 

in an increased central-parietal response (including an increase in target elicited P300). These 

results are once again consistent with an attentional set modulation effect, whereby social-

evaluative presence appears to induce enhanced processing of target cues (cf. cue utilisation); 

individual difference data analysed here suggests this effect is moderated by self-reported 

extraversion and self-esteem.  
 

Introduction 
 

Consistent with early social facilitation theory (Zajonc, 1965), the results of the previous study 

(Chapter 3) suggest evaluative presence is associated with performance impairment for unlearned 

tasks, and performance enhancement for learned tasks. This has previously been attributed to the 

facilitation of dominant responses (e.g. Cottrell, Wack, Sekerak & Rittle, 1968; Henchy & Glass, 

1968; Zajonc & Sales, 1966), which tend to be incorrect on unlearned, or complex tasks, and 

correct for learned, or simple tasks. However, there are several issues with this as an overarching 

theory of social facilitation/impairment (SFI) effects; reduced Stroop interference under social-

evaluative presence (e.g. Huguet, Galvaing, Monteil & Dumas, 1999) is directly contradictory to 

drive theory, and hard to reconcile under such a framework. Furthermore, several attempts to 

empirically validate the dominant response explanation of SFI effects have proved unsuccessful 

(e.g. Blank, Staff & Shaver, 1976; Manstead & Semin, 1980), and there is a growing body of 

literature which suggests cognitive mechanisms (specifically, biasing of attention and working 

memory processes towards goal-relevant information; see Chapter 3, Discussion section) likely 

mediate SFI effects generally, as well as the interaction between social-evaluative presence and 

task learnedness. In the context of an unfamiliar task (particularly a complex task requiring 

utilisation of a wide range of cues), attentional focusing could be detrimental to performance as 

the most relevant sources of information are not yet known. However, given a familiar, learned 
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task, in which the most useful sources of information are known, attentional focusing should 

facilitate performance as processing of goal-relevant information can be enhanced and goal-

irrelevant information ignored.  

 

Regulation of attention and working memory processes in accordance with internally represented 

goals is considered a primary function of cognitive control (Braver, 2012). Given the ever-

increasing literature demonstrating the top-down modulation of attention and working memory 

processes in accordance with goal representations that appears to be induced by social-evaluative 

presence (Chapter 3; Discussion section), the current study examines the effects of evaluative 

presence on cognitive control, and the extent to which this may provide a mechanistic explanation 

of SFI effects. 

 

 

Dual Mechanisms of Cognitive Control 

 

Cognitive control is the “ability to regulate, co-ordinate and sequence thoughts and actions in 

accordance with internally represented behavioural goals” (Braver, 2012; p. 106). A growing 

body of evidence suggests cognitive control is not a unitary ability (e.g. Badre, 2008; Banich, 

2009; Engle & Kane, 2004; Miyake et al, 2000). The dual mechanisms of cognitive control 

(DMC; Braver, 2012) model is motivated by the non-unitary nature of cognitive control, as well 

as the observation that control processes are a critical component of working memory function in 

regards to selecting information for active maintenance, storing that information for an 

appropriate length of time, protecting it against interference, updating it when necessary, and 

using it to influence other cognitive systems (e.g. perception, attention, memory and action; 

Braver, Gray & Burgess, 2007).  

 

The central premise of the DMC model is that cognitive control can be qualitatively divided into 

two distinct modes, namely proactive and reactive control. Proactive control reflects sustained 

and anticipatory maintenance of goal-relevant information (e.g. task instructions, previous 

stimulus identity, cues for subsequent behaviour etc; Grandjean et al, 2012), whereas reactive 

control reflects stimulus-driven goal reactivation (Braver, 2012). Under proactive control, goal 

representations are maintained to optimise preparation by biasing perceptual and attentional 

processes to reduce interference from distraction. It is therefore flexible as plans and behaviours 

can be adjusted to facilitate achieving of goal states. The continuous maintenance of goal 

representations under proactive control makes attention less sensitive to other sources of 

information (e.g. distractors that typically capture attention in a bottom-up fashion). However, 

active maintenance of goal representations under proactive control means it is also relatively 

expensive in terms of neural and cognitive computational resources (e.g. Blackwell & Munakata, 
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2014; Irlbacher, Kraft, Kehrer & Brandt, 2014). Under reactive control, on the other hand, goal 

representations are only activated or retrieved when needed, or prompted by an external stimulus. 

As it is reliant on the strength of the external stimulus for activating goal representations, it is less 

flexible and efficient than proactive control, and more susceptible to distraction (Braver, 2012). 

However, it is associated with fewer attentional demands, and is less expensive (in terms of 

cognitive and neural resources) than proactive control.  

 

An illustrative example of proactive and reactive control is provided by Braver (2012). In a 

typical prospective memory situation, in which an intention is formed about a future behaviour 

(e.g. stopping at the supermarket on the way home from work), a proactive strategy would be to 

actively sustain the intention until the time at which the goal behaviour can be achieved (i.e. at the 

end of the day). On the other hand, under reactive control, the goal intention would only be 

triggered by an appropriate cue (i.e. noticing the clock showing 5pm or seeing a shopping list in 

the car). The most appropriate strategy will depend on factors such as the duration for which the 

intention must be sustained e.g. if it near the end of the day, the intention could be actively 

maintained without too much cognitive effort and resources. If the goal intention is formed in the 

morning, then actively maintaining the intention could be too cognitively demanding and 

consume resources which could otherwise be directed elsewhere.  

 

The DMC model attempts to parsimoniously account for the multi-faceted nature of working 

memory, in terms of its relationship to other cognitive systems, as well as the inherent variability 

in the ability to regulate working memory processes, both within and between individuals. For 

example, high working memory capacity (WMC) individuals tend to adopt a more proactive 

strategy than their low-WMC counterparts (Richmond, Redick & Braver, 2015; Redick, 2014; 

Wiemers & Redick, 2018). Healthy adults tend to utilise predominantly proactive strategies, 

whereas older adults (e.g. Braver et al, 2001) and children (e.g. Chatham, Frank & Munakata, 

2009) appear to rely more on reactive control. Clinical populations also appear to show alterations 

in cognitive control relative to control samples; for example, first episode schizophrenia appears 

to be associated with a reduction of proactive, but not reactive control (Lesh et al, 2013), while 

anxiety and depression appear to be associated with impaired proactive and reactive control 

(Paulus, 2015; Vanderhasselt et al, 2012). 

 

Each mode of cognitive control appears to be served by anatomically distinct networks which 

nonetheless share some common substrates (Irlbacher et al, 2014). Reactive control appears to be 

served by the left inferior frontal gyrus (seemingly underlying interference control; Badre & 

Wagner, 2005; Jimura et al, 2009; Jonides & Nee, 2006; Öztekin, Curtis & McElree, 2008), 

anterior cingulate cortex (underlying response conflict; Nelson, Reuter-Lorenz, Sylvester, Jonides 

& Smith, 2003) and a network comprised of frontopolar, right prefrontal and parietal areas 
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involved in integrating probe information into decision criteria (Badre & Wagner, 2005, 2007; 

Nee et al, 2007). Proactive control, on the other hand, appears to be served predominantly by 

bilateral dorsolateral prefrontal cortex (Wolf, Walter & Vasic, 2010), inferior frontal gyrus, pre-

supplementary motor areas and right lateral parietal regions (Burgess & Braver, 2010). The 

networks underlying each control mode also appears to have distinct temporal dynamics (e.g. 

transient versus sustained activation in the anterior cingulate cortex; De Pisapio & Braver, 2006), 

suggesting they are indeed distinct systems. 

 

Importantly for this thesis, the DMC views the core of working memory as the ability to flexibly 

adapt behaviour to particular task demands, prioritising task-relevant information (inhibiting task-

irrelevant information) and emphasising goal-directed behaviour over dominant or habitual 

responses (Braver, Gray & Burgess, 2007; cf. Duncan, Emslie, Williams, Johnson & Freer, 1996; 

Norman & Shallice, 1986). In other words, the DMC describes the very set of processes which, 

given the findings of previous studies reported here (and elsewhere: see Chapter 3, Discussion 

section) appear to be affected by social-evaluative context and potentially mediate SFI effects. 

This study utilises a task which assesses the extent to which individuals tend to utilise a generally 

proactive or reactive strategy (described in the next section) to examine the possible role of 

cognitive control, as described by the DMC, as a mediator of the evaluation-performance 

relationship. 

 

 

Assessing Cognitive Control with the ‘AX’ Continuous Performance Task (AX-CPT) 

 

The use of cognitive control, as conceptualised by the DMC model, is often assessed using the 

‘AX’ Continuous Performance Task (AX-CPT). This task measures the extent to which 

individuals rely on predominantly proactive or cognitive control and is an adaptation of the 

Continuous Performance Task (Rosvold, Mirsky, Sarason, Bransome & Beck, 1956), an 

experimental paradigm used for assessing sustained attention (Corkum & Siegel, 1993; Klee & 

Garfinkel, 1983; Smid, De Witt, Homminga & Van Den Bosch, 2006). Many varieties of the CPT 

exist, although they share in common a requirement for participants to respond to (typically 

infrequent) target stimuli among a stream of common repeated stimuli (Eliason & Richmond, 

1987; Riccio, Reynolds, Lowe & Moore, 2002).  

 

In the AX-CPT, letter pairs are presented sequentially; participants must identify an X ‘probe’ as 

targets only when they are preceded by an ‘A’ cue. Any other letter combinations (i.e. X probe 

preceded by a non-A cue, or a non-X probe preceded by any cue) should be responded to as a 

non-target. In analysing the response times and error rates for each trial type, the AX-CPT can be 

used to assess an individual’s propensity to use a predominantly proactive or reactive control 
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strategy, as each strategy is more efficient for certain trial types and less efficient for others. For 

example, proactive control is associated with improved performance on BX trials, as actively 

maintaining the (non-target) B cue facilitates the non-target response following the X cue, 

whereas reactive control would lead to interference from the X probe if the non-target B cue is not 

maintained. Proactive control is also optimal for AX trials, as it facilitates preparation of the target 

response following the A cue in advance of the X probe. 

 

On the other hand, reactive control should lead to improved performance on AY trials (relative to 

proactive control), as attending to the Y probe should facilitate the non-target response, whereas 

actively maintaining the target A cue (proactive control) should lead to interference following the 

non-target Y probe. On BY trials, proactive and reactive strategies should be equally effective.  

 

 

Cognitive Control and Social-Evaluative Context 

 

Two studies have been published which have explicitly examined how social-evaluative context 

modulates cognitive control (as assessed with the AX-CPT). While the results of both found 

significant effects of social manipulations on AX-CPT performance, the direction of these effects 

appear somewhat contradictory. Licen, Hartmann, Repovs and Slapnicar (2016) examined the 

effects of monetary incentives and social pressure on modes of cognitive control. Social pressure 

was implemented by instructing participants their results and ranking within the group of 

participants would be publicly announced. The authors found monetary incentives and social 

pressure each induced a shift towards increased proactive control, relative to a baseline condition, 

with the highest proactive index values observed in the condition in which monetary incentives 

and social pressure were combined. Furthermore, increases in proactive control were also 

associated with enhanced overall task performance. This is consistent with other studies which 

found monetary rewards induced a shift towards proactive control (e.g. Chiew & Braver, 2013; 

Hefer & Dreisbach, 2017; Locke & Braver, 2008). 

 

Belletier, Normand, Camos, Barrouillet & Huguet (2019) examined the effect of experimenter 

presence on cognitive control on AX-CPT performance. In contrast to Licen et al’s (2016) 

findings, Belletier et al (2019) found experimenter presence impaired proactive control (i.e. 

increased RTs on AY trials) relative to a control condition in which the participant completed the 

task alone. 

 

There are several methodological differences between the studies that may explain the apparent 

discrepancy in the results, including the main experimental manipulation i.e. physical 

experimenter presence (Belletier et al, 2019) compared to evaluative potential (Licen et al, 2016). 
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Specifically, in Belletier et al’s (2019) study, the experimenter was positioned such that they were 

unable to observe participants’ responses and could therefore be considered a non-evaluative 

“mere” form of social presence. On the other hand, Licen et al’s (2016) experimental 

manipulation was purely evaluative and did not involve physical social presence. Given previous 

studies have found the effects of social-evaluative context on task performance may depend on its 

evaluative potential (e.g. Henchy & Glass, 1968), it is plausible the differing levels of potential 

for evaluation in each study led to the apparently divergent results. There were, furthermore, 

differences in task design and analysis between the studies; Licen et al (2016) used a repeated-

measures design, whereas Belletier et al (2019) used a between-subject design. While the AX-

CPT used should be relatively unaffected by practice effects, it is nonetheless plausible that this 

contributed to the results. Furthermore, Licen et al (2016) used an ANOVA where factors were 

trial type (i.e. proactive/reactive) and experimental condition (control/monetary incentive/social 

pressure), and the DV was a proactive behavioural index (Braver, Paxton, Locke & Barch, 2009; 

described below) whereas Belletier et al (2019) analysed their data with a regression analysis for 

RT on proactive trials, with experimenter presence included as a predictor, using a weighted 

average of AX and BX (i.e. proactive) trials as the DV. Licen et al’s (2016) study also used a 

fixed interval between the probe and cue, whereas Belletier et al’s (2019) study used a variable 

interval, which the authors suggest may have increased working memory demands and diminished 

the utility of a proactive strategy.  

 

Regardless of the methodological differences between the studies, and seemingly discrepant 

results, both studies show that social-evaluative context impacts cognitive control. The nature of 

the results mirrors a theoretical divergence between predictions which can be derived from 

attention-based and motivation-based theories of SFI more generally. As enhanced motivation (as 

induced by performance-contingent rewards) is associated with enhanced proactive control (e.g. 

Chiew & Braver, 2013; Hefer & Dreisbach, 2017; Locke & Braver, 2008), motivation-based, and 

attention-based approaches to SFI effects once again predict divergent effects of evaluative 

presence on cognitive control modes. According to attention-based theories of SFI, proactive 

control should be impaired by evaluative presence, as parallel processes (e.g. distraction, 

environmental monitoring, increased self-awareness, impression management) consume cognitive 

resources, making the relatively expensive proactive control mode less viable. On the other hand, 

according to motivation-based theories, proactive control should be enhanced by social presence, 

which acts as a motivating factor, similar to financial incentives which appear to have this effect 

(Licen et al, 2016). The primary aim of the current study is to examine these alternatives by 

comparing AX-CPT performance in a social-evaluative context (described in the next section) to 

an ‘alone’ control condition.  
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Video Camera as ‘Evaluative Presence’ 

 

Several studies have shown the presence of a camera has similar effects on performance as a 

physically present evaluative observer (e.g. Cohen & Davies, 1973; Geen, 1973; Henchy & Glass, 

1968; Putz, 1975), and the addition of a physical observer to an experimental setting involving a 

video camera does not appear to produce any further behavioural effects (Laughlin & Wong-

McCartney, 1975). While physical observers, but not video cameras, appear to produce an 

increase in self-reported nervousness (Geen, 1973) as well as objectively-measured arousal 

(Cohen & Davies, 1973; Laughlin, Chenoweth, Farrell & McGrath, 1972), these arousal effects 

do not appear to mediate the performance-evaluation relationship (Laughlin & Wong-McCarthy, 

1975). Video camera presence was therefore used in the current study to examine the effects of 

evaluative potential (rather than physical social presence) on cognitive control, as this arguably 

has greater ecological validity than a physical observation paradigm, given there are a wider range 

of situations in day-to-day life which involve evaluative potential of any sort, relative to situations 

in which an individual’s performance is observed by a physically-present audience.  

 

 

Individual Differences in Evaluation-Performance Relationship 

 

A secondary aim of the current study is to investigate how individual differences moderate the 

evaluation-performance relationship. Uziel (2007) suggests the reason why no single overarching 

theory of SFI effects has been successful (asides from major theories not being mutually 

exclusive), is that the moderating impact of personality variables have generally been overlooked. 

According to Uziel (2007), the way in which an organism responds to social presence can vary 

according to its phylogenetic heritage (i.e. increased arousal to facilitate responding to the 

environment; Geen & Bushman, 1989), ontogenetic experience (i.e. learned drive; Cottrell, Wack, 

Sekerak & Rittle, 1968), its evaluation of its abilities (e.g. Carver & Scheier, 1981) or momentary 

disturbance (e.g. to attentional processes; distraction-conflict hypothesis; Sanders, Baron & 

Moore, 1978). Personality traits, specifically in social orientation, are proposed to moderate the 

response to social presence across these multiple levels. Positive and negative orientations are 

derived from Paivio’s (1965) description of observer effects in which individual responses 

towards social presence can be orthogonally classified as “self-consciousness”, characterised by 

anxiety in response to observation, and “exhibitionism”, characterised by attention-seeking 

behaviours, representing avoidance and approach tendencies towards social performance (Levin, 

Baldwin, Gallwey & Paivio, 1960). The premise of Uziel’s (2007) theory is that each disposition 

is associated with divergent cascades of affective (enthusiasm vs. anxiety), motivational 

(approach vs. withdrawal) and cognitive (activation of new ideas vs. rumination and distraction) 

processes (and subsequently improved performance for positively oriented, and impaired 
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performance for negatively oriented individuals). Three general personality traits are examined 

which are thought to characterise positive and negative social orientation; namely, extraversion, 

self-esteem and trait anxiety. The following section describes research which has examined these 

traits in the context of the evaluation-performance relationship. 

 

Extraversion has been shown to moderate the relationship between audience presence and 

behavioural performance in a letter cancelling task (Colquhoun & Corcoran, 1964), simple 

multiplication task (Grant & Dajee, 2003) and motor task (Graydon & Murphy, 1995).  

 

On concept formation tasks (which require categorisation of stimuli on the basis of abstract rules 

which have to be learned; Bruner, Goodnow & Austin, 1956), high and low self-esteem 

individuals appear to perform equivalently under control conditions. Under both experimenter 

presence (Sharuager, 1972) and evaluative potential, implemented with a one-way mirror 

(Brockner and Hulton, 1978) and a video camera (Brockner, 1979) however, low self-esteem 

individuals commit more errors than high self-esteem individuals. In a simple letter copying task, 

the presence of a video camera impaired low, but not high self-esteem participants (Terry & 

Kearnes, 1993).  

 

Trait anxiety has been shown to moderate the relationship between social presence and 

performance on various types of tasks, including vowel cancellation (Pederson, 1970), paired 

associates learning (Berkey & Hoppe, 1972) and anagram solving (Geen, 1985). However, 

Quarter and Marcus (1971) failed to find a moderating impact of self-reported anxiety on working 

memory (digit span task) performance, while Wankel (1977) also found no interactive effect of 

audience presence and trait anxiety on a pursuit rotor task.  

 

Together these results support Uziel’s (2007) assertion that personality traits, particularly those 

related to social orientation, appear to moderate SFI effects, with extraversion and self-esteem 

being fairly consistent moderators, and trait anxiety somewhat less so (e.g. Quarter & Marcus, 

1971; Wankel, 1977). Furthermore, given the lack of main effects of social-evaluative presence in 

many of these studies, it appears observer effects on performance may only occur for certain 

individuals, with the findings converging on impaired performance in social-evaluative contexts 

for introverted, low self-esteem (and to some extent, high-anxiety) individuals. 

 

The current study assesses whether self-reported extraversion, trait anxiety and self-esteem (the 

components of social orientation identified by Uziel, 2007) moderate the effect of evaluative 

presence on cognitive control (as measured by the AX-CPT). It is proposed that evaluative 

presence should be associated with improved and impaired performance for individuals high and 

low in extraversion and self-esteem respectively. 
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Research Questions & Hypothesis 

 

In summary, the primary research question of the current study is whether evaluative presence 

(i.e. the presence of a camera) is associated with changes in cognitive control strategy, relative to 

an ‘alone’ control condition. Given the apparently divergent results produced by the only two 

published extant studies into the effect of social-evaluative pressure on AX-CPT performance, the 

expected direction of the effect is not entirely clear. However, given the current study’s 

implementation of evaluative presence is closer to Licen et als (2016) methodology, it is 

tentatively predicted that evaluative presence will be associated with enhanced proactive control. 

 

A secondary aim of the current study is to investigate the moderating impact of individual 

differences in extraversion, self-esteem and trait anxiety. Given previous findings (described 

above) it is predicted that evaluative presence will impair performance for low-extraversion, low-

self-esteem and/or high-anxiety participants. Furthermore, given the explanations offered for the 

poor response of negatively oriented individuals to social-evaluative presence, these participants 

are expected to rely more on reactive, and less on proactive control under evaluative-presence, as 

increased self-awareness, self-presentational concerns, distraction and evaluation apprehension 

(which characterise negatively-oriented individuals; Uziel, 2007) are expected to reduce cognitive 

resources available for task performance, making a proactive strategy less viable (Braver, 2012). 

 

Methods 
 

Participants 

 

Participants were 52 undergraduate and post-graduate students, and University staff members (46 

females; mean age = 20.4, SD = 4.1 years). Participants were awarded course credits or financial 

reimbursement for taking part. The study was approved by the Ethical Committee at the 

University of Bath. 

 

Procedure 

 

Upon signing up to participate in the study, participants were directed to an online questionnaire 

(hosted on Qualtrics software), which contained the self-report measures for personality traits 

(described below). Upon completing the questionnaires, the main experimental session was 

scheduled, typically taking place around one week after completion of the questionnaire. This 
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study used a between-subject design, with participants randomly assigned to either the ‘evaluative 

presence’ or ‘alone’ (control) condition. 

 

Upon arriving to the laboratory, participants filled out a consent form confirming they fulfilled the 

eligibility criteria and understood their right to withdraw. For the purposes of the experimental 

manipulation (described below) participants were also asked to consent to their performance 

being video recorded, purportedly for use in promotional materials for the website of the 

University of Bath EEG laboratory. Two participants who expressed a wish to not be recorded 

were assigned to the control condition. Upon being fitted with an EEG cap, participants were sat 

approximately 70cm in front of the stimulus presentation monitor. They then completed 10 

practice trials of the AX-CPT (described below), before completing the main experimental 

procedure.  

 

 

AX-CPT 

 

This study used a version of the AX-CPT comprised of 40% ‘target’ AX trials. While the AX-

CPT typically uses 70% of AX trials (to ensure there is a strong expectancy that X probes will 

follow A cues; Gonthier, Macnamara, Chow, Conway & Braver, 2016), individual differences in 

working memory capacity have been shown to correlate with performance when 70% AX trials 

are used, while evenly distributing the proportion of AX and BY trials appears to eliminate the 

influence of individual differences in working memory capacity (Redick, 2014). Therefore, AX 

and BY trials here each made up 40% of trials, and AY and BX trials each made up 10% of trials. 

Each block contained 80 trials for a total of 320 trials (128 AX & BY trials; 32 AY & BX trials).  

 

Each trial began with presentation of the cue letter (A or non-A), which was presented for 

1000ms. A fixation cross was then presented for 3500ms before the probe letter (X or non-X) was 

presented for 200ms. Participants were then given a 1500ms ‘response window’. After responding 

(or after 1500ms had elapsed), a feedback screen was presented which provided RT and accuracy 

for the preceding trial, as well as a cumulative average of RT and correct responses for the current 

block. The feedback slide, used to increase the salience of the evaluative presence, remained on 

screen for 1200ms.  

 

The task was programmed and presented using e-Prime 2.0. 
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Figure 33: Schematic showing example ‘AX’ trial 

 

Evaluative Presence Manipulation 

 

Performance of participants in the ‘evaluative presence’ condition was filmed with a Polaroid iX 

2020N camcorder placed at head height behind, and approximately 40cm to the right of the 

participant. The camcorder was placed out of view of the participant to avoid mere distraction 

effects and was pointed towards the screen of the stimulus presentation monitor so as to capture 

the participants’ performance. The video camera remained in place throughout the duration of the 

experiment. Recordings were deleted immediately upon completion of the experimental task. 

 

 

Description of EEG Data Acquisition 

 

EEG signals were sampled at 1000 Hz using a GES 400 system (Electrical Geodesics Inc; EGI, 

Eugene, OR, USA) and a 65 channel HydroCel Geodesic Sensor Net fitted with silver-silver 

chloride sponge sensors). A common Cz reference was used, and data were online low pass 

filtered at 250Hz. Impedances were kept below 50kΩ throughout recordings, in accordance with 

the manufacturer’s recommendations. 

 

 

ERP Processing 

 

ERPs were time-locked to onset of cue stimuli, the cue-probe interval, probe stimuli, response 

window and feedback slide. Pre-processing was conducted using BESA Research 7.0 software 

package. Automatic artifact correction was applied with a 150mv threshold for horizontal eye 
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movements, and a 250mv threshold for vertical eye movements (i.e. blinks). Noisy or 

unresponsive channels were visually identified and interpolated. Following interpolation, data 

were re-referenced to an average montage, and then segregated into epochs with a 100ms 

baseline. Epochs were then automatically rejected if their amplitude range exceeded 250mv, or 

their gradient exceeded 75mv. A 0.1-20hz filter was applied for automatic data rejection and 

averaging. On average, 10.75% of trials were rejected. 

 

 

AX-CPT Performance Indices 

 

Error rates and RTs were recorded for each individual trial type (AX, AY, BX, BY). Additional 

indices which reflect the use of proactive control were calculated; namely, d’ prime-context, A-

cue bias and the Proactive Behavioural Index (PBI; Gonthier et al, 2016), as well as weighted 

average scores for proactive and reactive trials (Belletier et al, 2019).   

 

D’ prime context, based on signal detection theory (Stanislaw & Todorov, 1999), is calculated as 

Z(H) - Z(F), where Z(H) is the z-transform of hits on AX trials, and Z(F) is the z-transform of 

false alarms on BX trials. As it compares responses to X probes indicating a target response (AX) 

to responses to X probes indicating a non-target response (BX), it reflects the participant’s ability 

to use contextual information from the cue to guide a response to the probe (Barch et al, 2001). 

 

A-cue bias is calculated as 1/2*(Z[H] + Z[F]) with Z[H] representing the z-transform of hits on 

AX trials and Z[F] here representing the z-transform of false alarms on AY trials. This measure 

reflects the tendency of participants to make a target response following an A cue regardless of 

whether the probe is a target (X) or non-target (Y) and can thus be considered an index of 

proactive control (Gonthier et al, 2016). 

 

The proactive behavioural index (PBI; Braver et al, 2009) is calculated as (AY-BX)/(AY+BX) for 

RTs and reflects the interference between AY and BX trials. A positive value of this value 

indicates higher interference on AY trials, reflecting proactive control, whereas a negative value 

indicates higher interference on BX trials, reflecting reactive control.   

 

As proactive control is associated with improved performance on BX, as well as AX trials (as 

anticipating a target probe allows for response preparation), weighted averages of RTs and error 

rates for these trials were calculated as indices of proactive control tendencies (Belletier et al, 

2019). 
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Individual Difference Questionnaires 

 

Extraversion - Extraversion was measured with the E subscale from the short-form of the Revised 

Eyesenck’s Personality Inventory (EPI-R; Eyesenck, Eyesenck & Barrett, 1985). This is a 6-item 

measure of yes-no questions (e.g. “are you a talkative person?”, “Do you tend to keep in the 

background on social occasions?”). Scores range from 0 (low extraversion) to 6 (high 

extraversion). 

 

Self-Esteem - The Rosenberg Self-Esteem Scale (SES; Rosenberg, 1965) is a ten-item scale that 

measures global self-worth by measuring positive and negative feelings about the self (e.g. “On 

the whole, I am satisfied with myself”, “I certainly feel useless at times”). Each item is scored 

using a 4-point Likert-scale, ranging from ‘Strongly Agree’ to ‘Strongly Disagree’, with overall 

scores ranging from 0 (low self-esteem) to 40 (high self-esteem). 

 

Trait Anxiety - The State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg & 

Jacobs, 1983) is a 40-item scale of state (20 items) and trait anxiety (20 items). The trait subscale 

only was used in the current study, which asks respondents to indicate (on a 4-point Likert-scale 

ranging from ‘Almost Never’ to ‘Almost Always’) how they generally feel (e.g. “I feel pleasant”, 

“I worry too much over something that really doesn’t matter”). Overall scores range from 0 (low 

trait anxiety) to 80 (high trait anxiety). 

 

Fear of Negative Evaluation - The brief version of the Fear of Negative Evaluation (FNE; Leary, 

1983) is a 12-item scale that assesses the extent to which each item is characteristic of the 

respondent on a 5-point Likert-scale ranging from “Not at all” to “Extremely” (e.g. “I am afraid 

that others will not approve of me”, “If I know someone is judging me, it has little effect on me”). 

Scores range from 0 (low FNE) to 60 (high FNE). 

 

Results 
 

 

Descriptive Statistics 

 

Overall median RTs (for correct only responses), error rates and indices of proactive control are 

summarised in the table below, along with results of independent samples t-tests which were 

conducted to analyse between-group (i.e. alone vs. camera presence) differences.  
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Table 7: Summary of dependent variables and inferential tests for AXCPT behavioural indices 

ERP Analysis 

 

Four participants’ EEG data was lost due to technical issues. Analysis of EEG data was therefore 

conducted on a sample of n = 48 (‘alone’ condition = 23, ‘camera condition’ = 25). 

 

Individual grand-averaged ERPs time-locked to onset of each cue (A, B) and probe (preceded by 

each cue type i.e. X probe preceded by ‘A’ cue, X probe preceded by ‘B’ cue, ‘Y’ probe preceded 

by ‘A’ cue and ‘Y’ probe preceded by ‘B’ cue), as well as the inter-stimulus interval and feedback 

slide were submitted to cluster-based permutation testing using the FieldTrip toolbox for 

MATLAB (see Chapter 3 for a description of this approach). All channels and latencies for 

extracted epochs were included in the analyses. This procedure used independent samples t-tests 

with 1000 Monte Carlo simulations. Alpha for both initial cluster entry and the final alpha value 

(which determines if sample differences survive non-parametric correction for multiple 

comparisons) were set to 0.05.  

 

One cluster emerged which survived correction for multiple comparison; this cluster spanned the 

epochs following onset of ‘X’ probes preceded by ‘A’ cues (reflecting proactive control) at the 

central parietal electrode (Pz). An independent t-test confirmed that mean P300 amplitude (as 

measured from Pz between 275 and 425ms post-stimulus onset) differed between the ‘alone’ (M = 

1.7P, SD = 2.37P) and ‘camera’ (M = 3.96P, SD = 3.41P) conditions; t(46) = -2.68, p = .01, d = -

0.76. The ERPs elicited in each experimental condition are plotted below and show the P300 

amplitude difference between the two conditions.  

 Alone Condition Camera Condition Independent Samples 

t-test 

RT (SD) 200.2ms (66.8ms) 194.9ms (67.6ms) t(50) =.285, p =.78 

Errors (SD) 9.1 (6.7) 11.4 (7.6) t(50) = -1.162, p = .25 

d’prime context (SD) 0.09 (1.6) -0.09 (1.6) t(50) = .393, p = .7 

A-cue bias (SD) 0.04 (0.8) -0.04 (0.6) t(50) = .463, p = .65 

PBI RT (SD) 0.27 (0.13) 0.28 (0.13) t(50) = -.101, p = .92 

PBI Errors (SD) 0.42 (0.41) 0.51 (0.33) t(50) = -.818, p = .42 

Weighted Proactive RT (SD) 190.5ms (61.6ms) 190.3ms (66ms) t(50) = -.01, p = .99 

Weighted Proactive Errors (SD) 4.2 (4.5) 5.1 (3.8) t(50) = -.761, p = .45 
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Figure 34: Grand averaged ERP time locked to ‘X’ probe onset (preceded by ‘A’ cue) in the ‘alone’ and ‘camera 

presence’ conditions. (Shaded regions represent 95% confidence intervals) 
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Figure 35: Topoplots of ERPs elicited by target ‘X’ probe onset (preceded by ‘A’ cues) in each condition. Increased and 
prolonged positive activity at the Pz site in the ‘Camera Presence’ condition is visible. 
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Self-Report Trait Measures 

 

To examine the effect of self-reported extraversion, self-esteem, trait anxiety and fear of negative 

evaluation on task performance and EEG responses, data were split between conditions 

(alone/camera presence) and self-report measures were correlated with behavioural indices, and 

P3 amplitude.  

 

Extraversion was not correlated with any behavioural measures in the camera presence condition. 

However, in the alone condition, extraversion was significantly positively correlated with overall 

RT (r = .454, p = .03) and the weighted proactive RT (r = .498, p =.011), negatively correlated 

with A-cue bias (r = -.52, p = .008) and marginally negatively correlated with PBI for errors (r = -

.394, p = .051). For participants in the camera presence condition only, extraversion was 

significantly positively correlated with P1 (r = .433, p = .035) and N1 (r = .454, p = .026) 

amplitude, and marginally correlated with P3 amplitude (r = .401, p = .052).  

 

Self-esteem was positively correlated with overall RT (r = .497, p = .012) and negatively 

correlated with PBI (r = -.572, p = .003) in the alone condition. In the camera presence condition, 

self-esteem correlated positively with d’-context (r = .433, p = .03). Self-esteem did not correlate 

with P3 amplitude in either condition.   

 

Trait anxiety was negatively correlated with overall RT (r = -.424, p = .035) and positively 

correlated with PBI RT (r = .517, p = .008) in the alone condition. In the camera presence 

condition, trait anxiety correlated positively with errors (r = .466, p = .019) and weighted 

proactive errors (r = .419, p = .037). Trait anxiety did not correlate with P3 amplitude in either 

condition. 

 

Fear of negative evaluation did not correlate with any behavioural measures or P3 amplitude in 

either condition. 

 

Given the number of variables for which correlations are conducted in the data set, some 

correction for multiple comparisons is necessary. As noted by Ranstam (2016), with familywise 

multiplicity correction, the appropriate adjustment for test-specific significance level depends on 

how the family is defined. Here, the broader relationships of interest are between cognitive 

control mode (proactive/reactive), social orientation (positive/orientation) and P3 amplitude. 

There is thus a total of five classes of variable being correlated. If, as recommended by Rubin 

(2017), the familywise error rate is instead defined by the number of hypotheses being tested, the 

result is a similar number of comparisons. Specifically, h1 = “cognitive control is correlated with 

social orientation” (for two conditions); h2 = cognitive control is correlated with ERP response 
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(for two condition); h3 = social orientation is correlated with ERP response (for 2 conditions). 

Thus, an adjusted alpha-level of .0083 (i.e. .05/6) seems appropriate.   

 

Under this criterion, only the negative correlations between extraversion and proactive control (A-

cue bias) in the control condition (p = .003), the positive correlation between trait anxiety and 

proactive control (PBI RT) in the control condition (p = .008) and the negative correlation 

between self-esteem and proactive control (PBI RT) in the control condition (p = .003) survive the 

correction. it is interesting to note that each of the correlations which survive this correction 

consistently suggest positive social orientation is negatively correlated with proactive control in 

the alone (but not the camera presence) condition. Furthermore, the other correlations reported 

which do not survive correction for multiple comparison are nonetheless broadly consistent with 

those that do. It therefore appears this relationship is likely empirically valid, although given the 

exploratory nature of this analysis, it would need to be replicated by future research.  

 

Discussion  
 

This study investigated the effect of camera presence on performance of a task which measures 

the use of proactive and reactive cognitive control. It was hypothesised that the presence of a 

camera would be associated with changes specifically in behavioural indices assessing proactive 

control (Belletier et al 2019; Licen et al, 2016). Camera presence was associated with a 

significantly enhanced P3 response to target probes (i.e. ‘X’ probe preceded by an ‘A’ cue), 

relative to the ‘alone’ (control) condition but did not elicit any effect on overall task performance. 

Possible reasons for null effects are discussed below.  

 

Results appear to support and extend Uziel’s (2007) conceptualisation of positive and negative 

social orientations. Each of the traits identified in Uziel’s (2007) meta-analysis (i.e. extraversion, 

self-esteem and trait anxiety) correlated with overall RT in the control condition, with 

extraversion and self-esteem positively, and trait anxiety negatively correlated with RTs. This 

suggests in the ‘alone’ condition, positive social orientation (i.e. high extraversion and self-

esteem, low anxiety) was associated with slower responses, and it seems likely this was 

specifically due to reduced proactive control (e.g. extraversion was negatively correlated with A-

cue bias, and positively correlated with proactive trial RTs, while self-esteem was negatively, and 

trait anxiety positively, correlated with proactive behavioural index for RTs).  

 

However, in the presence of a camera, these relationships were absent, and positive orientation 

traits, if anything, appeared to be associated with enhanced proactive control i.e. in this condition, 

self-esteem positively correlated with d’-context, and trait anxiety positively correlated with 
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proactive trial (as well as overall) errors, suggesting the presence of the camera was sufficiently 

motivating for positively oriented individuals to improve their performance in this condition, 

seemingly by engaging a more proactive strategy. Furthermore, increased effort for positively 

oriented participants appears to be reflected by the positive association between extraversion and 

ERP amplitude for target probes in the ‘camera presence’, but not the ‘alone’ condition. Positive 

associations between motivation and P300 amplitude have been demonstrated in numerous studies 

(e.g. Baykara et al, 2016; Carillo-De-La-Pena & Cadaveira, 2000; Kleih, Nijboer, Halder & 

Kubler, 2010). 

 

These findings are also consistent with and extend a wider background literature on the 

relationship between personality traits and performance in social-evaluative contexts, suggesting 

that individual differences in response to social-evaluative presence may be at least partly 

attributable to how social context differentially moderates cognitive control strategies depending 

on the individual’s social orientation.   

 

For example, previous studies have demonstrated task performance of low self-esteem individuals 

is impaired by social-evaluative presence (e.g. Brockner, 1979; Brockner & Hulton, 1978; 

Shrauger, 1972; Terry & Kearnes, 1993). Here, in the ‘alone’ condition, self-esteem was 

positively correlated with overall RT, and negatively correlated with proactive behavioural index 

(RT). However, under evaluative presence, self-esteem was no longer associated with overall RT, 

but was positively correlated with proactive control as indexed by d’ context, a measure which 

assesses ability to use contextual information (cue) to drive a response (i.e. to the probe), 

suggesting performance differences between high and low self-esteem individuals in response to 

social-evaluative presence may be at least partly attributable to cognitive control strategies. 

 

Previous research also appears to show impaired altered cognitive control in anxious individuals, 

who appear to often perform at equivalent levels to non-anxious individuals in terms of accuracy, 

but typically display longer reaction times (Eyesenck & Calvo, 1992). It has been proposed that 

anxious individuals deploy enhanced effort and processing resources that take longer to 

implement (Moser, Moran, Schroder, Donnellan & Yeung, 2013). However, this did not appear to 

be the case here, and in fact, in the ‘alone’ condition, increases in self-reported anxiety were 

associated with decreased reaction times, with no association between anxiety and errors.  

 

Braver (2012) proposes anxious individuals are less able than their non-anxious counterparts to 

flexibly switch between proactive and reactive control. This is assumed to be due to depletion in 

cognitive resources associated with distraction and worry interfering with proactive control. 

Hence, it has been suggested that anxious individuals tend to deploy predominantly reactive 

control strategies (Gray et al, 2005; Fales et al, 2008; Krug & Carter, 2010, 2012). In the current 
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study however, anxiety was positively associated with proactive control (PBI for RTs) in the 

‘alone’ condition, while the association between anxiety and proactive control was absent in the 

‘camera presence’ condition. This suggests in the absence of evaluative presence, anxiety was 

positively associated with performance, seemingly driven by enhanced proactive control for more 

anxious participants. However, in the presence of a camera, the proactive and overall performance 

speed benefits for high anxiety participants was diminished, while performance accuracy also 

suffered.  

 

Previous research appears to show extraverts tend to have better working memory performance 

than introverts (e.g. Gray & Burgess, 2004; Humphreys & Revelle, 1984; Lieberman, 2000; 

Lieberman & Rosenthaal, 2001). However, in the ‘alone’ condition here, extraversion was 

positively associated with RT, suggesting worse overall performance for higher extraversion 

participants. Furthermore, extraversion was negatively correlated with proactive control as 

measured by the A-cue bias. However, the presence of a camera nullified these effects, and in this 

condition, extraversion was not associated with any performance measures. It appears that while 

extraverted participants took longer to respond in the ‘alone’ condition, and seemed to utilise a 

predominantly reactive control strategy, the presence of a camera induced an effortful shift (as 

suggested by the positive association between extraversion and target-elicited ERP amplitude in 

the ‘camera presence’, but not ‘alone’ condition) towards proactive control, leading to improved 

performance.  

 

In summary, the current results on the relationship between evaluative presence and social 

orientation lend support to Uziel’s (2007) assertion that individual differences in personality traits 

related to social orientation (i.e. extraversion, anxiety, self-esteem) strongly moderate the 

performance-evaluation relationship. In the ‘alone’ condition, RTs were positively associated with 

extraversion and self-esteem, and negatively associated with trait anxiety, suggesting slower RTs 

for positively oriented individuals. This was accompanied by reduced proactive control among 

these participants (e.g. self-esteem and extraversion were negatively correlated with PBI RT and 

A-cue bias respectively, while trait anxiety was positively associated with PBI RT). However, in 

the ‘camera presence’ the associations between personality traits and RT were absent, while self-

esteem was positively correlated with d’-context. Given prior studies have demonstrated 

performance contingent rewards are associated with an increase in proactive control (e.g. Frober 

& Dreisbach, 2016; Licen et al, 2016) and social approval appears to activate similar neural 

networks as monetary rewards (e.g. Izuma, Saito & Sadato, 2010; Rademacher et al, 2010), it 

seems plausible that positively oriented individuals here may have interpreted the camera’s 

presence as a potential for social approval. 

 



 
 

118

These results have implications not just for SFI theory, but also personality research in general. 

Studies investigating cognitive control in relation to personality traits (particularly those related to 

social orientation) should be particularly careful to account for and report the social-evaluative 

context in which the research is conducted (e.g. experimenter presence), as the results reported 

here (cf. Uziel, 2007) suggest these factors are likely to significantly influence the results of such 

studies. 

 

Limitations 

 

There are limitations to the current study which warrant discussion. The AX-CPT typically uses 

70% AX trials to create a strong expectancy effect between A cues and X probes. This expectancy 

leads to conflict on AY and BX trials which is important for assessing individual variability in 

control strategies (Gonthier et al, 2016). The current study used 40% AX trials in order to control 

for individual differences in working memory capacity (Redick, 2014). This version of the task 

(i.e. AX-CPT 40) does have further benefits; specifically, as the frequency of A and B cues is 

equivalent (unlike the AX-CPT 70), potential sources of variance due to relative frequency of 

each cue type is controlled for. Furthermore, cue validities are equated in the AX-CPT 40, as A 

cues precede an X probe on 80% of trials, and B cues precede Y probes on 80% of trials, placing 

greater emphasis on using cue identity to guide responses (Richmond, Redick & Braver, 2015). In 

the AX-CPT 70, simply giving a target response to any X probe will still yield relatively high 

accuracy rates, and participants can effectively ignore cue identity without performance suffering 

(except for relatively infrequent BX trials). In the AX-CPT 40 this “strategy” is not viable.  

 

Despite several advantages of the AX-CPT 40, it is possible the diminished expectancy towards X 

probes following A cues compromised the internal validity of the task in the current study. While 

X probes still follow 80% of A cues in the AX-CPT 40 (compared to 87.5% in the AX-CPT 70), 

the reduced congruency, as well as the greatly reduced frequency of AX trials across the task may 

have significantly reduced the conflict experienced on AY trials, and hence the sensitivity of 

proactive control indices which rely on AY responses (i.e. PBI and A-cue bias). The lower 

frequency of target trials likely reduced the tendency to prepare a target response following an A 

cue, reducing the efficacy of an overall proactive strategy. It is therefore possible using the AX-

CPT 40, rather than the AX-CPT 70 reduced the sensitivity of the task to detect individual 

variability in control strategies, contributing to the null effects of experimental condition (i.e. 

‘alone’, ‘camera presence’), especially considering previous studies have found different forms of 

social-evaluation presence have significant, albeit divergent effects on proactive control (Belletier 

et al, 2019; Licen 2016).  
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The current study may also have been underpowered for detection of the behavioural effect of 

interest (i.e. the effect of evaluative potential on proactive control indices). Based on the results 

of Belletier et al’s (2019) study of the effect of experimenter presence on proactive control 

indices (as indexed by RT on proactive trials), power calculation conducted using G*power 

(Faul, Erdfelder, Lang & Buchner, 2007) indicates a sample size of 119 would be required to 

detect this effect in a between-subjects study.   

 

Concluding Remarks 
 

In summary, the reported study aimed to examine the effect of evaluative presence (i.e. a camera) 

on cognitive control strategy. No significant effects of camera presence on either proactive or 

reactive control were found, although target elicited ERPs at the central parietal site were 

significantly increased under camera presence, implying increased motivation for participants in 

this condition (e.g. Baykara et al, 2016; Carillo-De-La-Pena & Cadaveira, 2000). Furthermore, 

individual differences in self-reported personality traits associated with social orientation (i.e. 

extraversion, trait anxiety and self-esteem) were differentially related to performance indices in 

each condition. In the control condition, positive orientation traits were associated with slower 

responses and reduced proactive control. However, in the ‘camera present’ condition, these traits 

were not associated with response latencies, and positive orientation traits were positively 

associated with proactive control. The results suggest that for participants high in extraversion and 

self-esteem, and low in trait anxiety, the presence of a camera led to an effortful recruitment of 

proactive control, with related performance benefits. A positive association between extraversion 

and target elicited ERP amplitude in the ‘camera presence’, but not the control condition, is 

consistent with this account. Together the findings support and extend previous research on the 

moderating impact of social orientation traits (Uziel, 2007) in the performance-evaluation 

relationship, and suggests such effects are at least partly attributable to enhanced proactive 

cognitive control for positively oriented individuals in response to evaluative presence.  
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Chapter Five: Discussion 
 

Overview 
 

This thesis aimed to examine the behavioural, cognitive and neural effects of various social-

evaluative contexts, in order to elucidate the mediators of social facilitation/impairment (SFI) 

effects, which remain relatively poorly understood despite over a century of research. It was 

argued in Chapter 1 that one of the key reasons for a lack of a mechanistic explanation of SFI 

effects is that behavioural analyses alone are not sufficient for explaining how SFI effects occur. 

Virtually every major theory (see Chapter 1) invokes mediating processes, but the presence of 

these is not generally confirmed by means other than observation of the behaviour which it seeks 

to explain. Thus, EEG data was recorded in each of the studies reported here in an effort to 

understand how changes in neural activity resulting from social-evaluative presence may relate to 

the behavioural effects which have been the sole focus of social facilitation research to date.  

 

The key results of the studies conducted here can be broadly summarised as follows; physical 

(experimenter) presence was associated with reduced amplitude P3 for both target and non-target 

probabilistically rare stimuli in a sustained low-level visual attention (Oddball) task (Study 1), 

while the presence of a video camera was associated with increased P3 amplitude for target trials 

only in a cognitive control task (Study 3). This is proposed to reflect top-down modulation of 

attentional filter settings, as P3 effects were specific to particular stimuli types i.e. reduced 

attentional processing of probabilistically rare stimuli in Study 1, and enhanced attentional 

processing of target probes in Study 3. In neither study was there a significant behavioural effect 

associated with either experimenter or camera presence. These findings form the basis of this 

section, and it will be argued that the divergent effect of social-evaluative presence in these 

studies (i.e. increased and decreased target elicited P3 amplitudes in Studies 1 and 3, 

respectively) is attributable to the type of presence used in each study (i.e. experimenter and 

camera presence respectively). As will be discussed, the notion that physical social presence 

(Study 1) consumes attentional resources (resulting in reduced task-directed attention), while 

evaluative-only presence (e.g. a video camera; Study 3) may increase task-directed attention, has 

theoretical and empirical precedence, although no human studies to date have used neural markers 

of attentional processes within the context of social facilitation research.  

 

With regards to the other key findings, Study 2 replicated the ‘classic’ social facilitation effect, 

whereby social presence improves performance for familiar, or learned tasks, and impairs 

performance for unfamiliar, or unlearned tasks. Analysis suggested a potential cognitive mediator 

of this effect, with results of a drift-diffusion model fitted to the behavioural data indicating that 
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the interaction between social presence and task familiarity appears to be driven by the 

information accumulation process (as indexed by drift rate). Consistent with the ERP effects 

found in the other studies, this study also found that social presence appeared to reduce utilisation 

of target-dissimilar informative cues; it is posited this is because the cues did not fall within the 

attentional set for goal-relevant information, due to their physical dissimilarity to targets (ANT; 

Study 2). This finding is consistent with numerous empirical demonstrations of an attentional 

focusing effect associated with social presence, whereby processing of goal-relevant information 

is enhanced, while processing of goal-irrelevant information is reduced (see Discussion section; 

Chapter 3). This attentional set effect is discussed with regards to the current findings in more 

detail later in this chapter. 

 

In order to address the seemingly divergent P3 effect observed in Studies 1 and 3, and to 

contextualise the claim that this effect was due the specific types of presence implemented in each 

study, the following sections outline findings from the wider social facilitation literature that 

describe processes induced by physical social presence which are proposed here to result in 

reduce task-directed attention (and subsequently reduce P3 amplitude, as was observed in Study 

1), while the subsequent section describes effects associated with evaluative pressure (in the 

absence of a physical observer) which are generally interpreted in terms of motivational 

processes, consistent with the enhanced P3 response observed in Study 3. 

 

 

A Tale of Two P3s 
 

There were three key differences between Studies 1 and 3 which may (individually, or in 

combination) account for the difference in socially modulated P3 amplitude between the studies; 

Study 1 used a repeated measures design while Study 3 used a between-subjects design. The tasks 

used in each study also differed in terms of how cognitively demanding they were. Furthermore, 

while Study 1 implemented mere, physical presence, Study 3 adopted a purely evaluative form of 

presence (i.e. a video camera). As there was no evidence of practice effects in Study 1, the impact 

of this particular difference in experimental design between the studies does not seem likely to 

have influenced the P3 responses. In this section, it is argued that the divergent P3 responses are 

primarily due to the different types of presence implemented in each study, although the 

attentional demands of the task also seem likely to influence attentional deployment in response to 

the immediate effects of physical and evaluative presence. In other words, the divergent P3 

responses can be broadly considered a result of an interaction between presence type and task 

difficulty, consistent with the notion that task difficulty moderates social facilitation/impairment 

effects (e.g. Zajonc, 1965). 
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The following sections outline and contrast findings from studies which have used physical 

“mere” presence, and those which have used purely evaluative (i.e. non-physical) presence. It is 

proposed on the basis of this discussion that physical “mere” presence engages parallel cognitive 

processes (e.g. monitoring and mentalising) which in Study 1 reduced attentional allocation to the 

task, and subsequently reduced amplitude P3s under experimenter presence compared to the 

‘alone’ condition. Non-physical, evaluative presence as used in Study 3, on the other hand, should 

not necessarily engage monitoring or mentalising processes, and instead could lead to enhanced 

attentional allocation to target cues, as a result of attentional set modulation, and/or increased 

motivation (cf. the mere effort account e.g. Harkins, 2006). 

 

 

Physical Social Presence & Parallel Processes 
 

Monitorability of the Observer 

 

Mere physical presence was considered by Zajonc (1965) to be a sufficient condition for social 

facilitation to occur, although subsequent research appeared to demonstrate the importance of 

evaluative potential (e.g. Cottrell, Wack, Sekerak & Rittle, 1968; Henchy & Glass, 1968), casting 

some doubt on Zajonc’s ‘mere presence’ proposal. In an attempt to evaluate the sufficiency of 

mere presence for eliciting behavioural social facilitation effects, Guerin (1986) provides a review 

of studies purporting to implement ‘mere presence’ conditions. Of the studies identified which 

actually implemented true mere presence conditions (n = 13), around half (n = 6) found an effect 

of mere presence on performance, while the other half (n = 7) did not. Thus, contrary to Zajonc’s 

(1965) proposal, mere presence does not appear to be a sufficient condition for social facilitation 

to occur.  

 

Of the six studies reviewed by Guerin (1986) which did find a significant behavioural effect, the 

observer was sat behind the participant in five of them and could therefore not be monitored. On 

the other hand, five of the seven studies which did not find an effect included co-actors whose 

behaviour could be monitored. The remaining two studies which didn’t find an effect included a 

condition in which the experimenter faced the participant, (and could therefore be monitored), and 

was also inattentive to the participant as they were carrying out a separate task (Guerin, 1983; 

Heylen, 1978). Guerin (1986) concludes that monitorability of the observer is therefore a key 

determinant of mere presence effects, with observers generally appearing to impact performance 

only when there is some uncertainty regarding their behaviour. 
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It is worthwhile to consider why physical presence might initiate monitoring processes, and why 

monitoring would be associated with subsequent performance effects. Social monitoring can be 

defined as attention to social information and cues (Gardner, Pickett, Jefferis & Knowles, 2005), 

which are particularly salient given the inherently social nature of humans and other primate 

species (e.g. Dunbar & Shultz, 2007; Frith, 2007). Indeed, neurons have been identified from 

single-cell recordings in macaques which appear to specifically code for social cues such as faces 

(Perrett, Hietanen, Oram & Benson, 1992), gaze orientation (De Souza, Eifuku, Tamura, Nishijo 

& Ono, 2005), head position (Perrett et al, 1985) and body position (Wachsmuth, Oram & Perrett, 

1994). Furthermore, human studies show perceived shifts in others’ gaze direction appear to 

initiate reflexive shifts of attentional orientation in the observer (e.g. Frieson & Kingstone, 1998; 

Langton & Bruce, 1999), and EEG analyses suggest social cues appear to receive prioritised 

processing when compared to non-social cues (Meaux, El Zein, Mennella. Wyart & Grezes, 

2020). Thus, social cues appear to attract attention in an almost reflexive manner. The mere 

presence of another individual likely exogenously engages monitoring processes, which may lead 

to subsequent alertness and arousal, depending on the level of threat (Archer, 1976; Marler, 

1976). Conditions for moving from monitoring to alertness and arousal include proximity, 

movement of the present individual, and communication gestures (e.g. vocal, facial, postural, 

gestural) which may signify threat. Direct gaze has also been consistently shown to increase 

arousal and alertness (e.g. Ellsworth & Langer, 1976; Helminen, Pasanen & Hietanen, 2016; 

Kleinke & Pahlen, 1971; Myllyneva & Hietanen 2015; Nichols & Champness, 1971). Indeed, 

Guerin (1986) highlights the perception of a potential threat as a consequence of physical social 

presence which may contribute to behavioural effects, with threat potential increased with 

proximity and when the observer’s behaviour is unpredictable, compared to if they are engaged in 

a predictable activity. Guerin (1986) suggests that threat potential may produce behavioural 

effects through both increased arousal and a conformity, or normative response to gain social 

approval. However, it is not entirely clear why more threatening forms of presence would increase 

normative behaviour and this is not clearly explained. Instead, it is argued here that a more 

plausible explanation, consistent with the inherent salience of social cues, is that physical social 

presence recruits attentional resources related to environmental monitoring, with more threatening 

situations (i.e. when the present other’s behaviour is unpredictable or unmonitorable) 

commanding a higher degree of attentional allocation.  

 

Given that in Study 1 the experimenter was not engaged in a separate task and was sat directly 

besides the participant (and was therefore both physically proximal to the participant while also 

being generally unmonitorable), their presence could have been perceived as an abstract potential 

threat. Indeed, among social species, while perceptible threats are  associated with freezing, 

fleeing or fighting, abstract potential threats are associated with anxiety and notably, vigilance 

(Eilam, Izhar & Mort, 2011). Thus, attentional conflict from an implicit desire to attend to both an 



 
 

124

unpredictable ‘other’ and the task at hand (cf. distraction-conflict theory) may be a contributing 

factor to both the behavioural effects associated with unmonitorable and unpredictable observers 

consistently found in the literature, as well as the reduced P3 response observed in Study 1.  

 

Relatedly, it is interesting to note that removing threat from a social comparison situation (i.e. by 

inducing downwards, rather than upwards social comparison) attenuates the attentional focusing 

effect (Muller and Butera, 2007), lending support to the idea that perceived threat likely 

contributes to attentional narrowing. It is noted by Muller and Butera (2007) that attentional 

focusing under social presence is not due to the presence per se, but rather the potential self-

evaluative threat (this is discussed in the following section). Given the simple nature of the task 

used in Study 1, as well as the inattention of the experimenter and the lack of feedback 

information which would allow explicit evaluation, it seems unlikely participants felt threatened 

by potential evaluation. It is suggested that the reduced P3 observed in Study 1 is therefore more 

likely a result of distraction. 

 

There is a caveat to the suggestion that mere presence may consume cognitive resources (due to 

monitoring/mentalising); namely, that shared attention is proposed to increase cognitive resources 

directed at jointly perceived stimuli (Shteynberg, 2015). In many (but certainly not all) mere 

presence scenarios, features of the environment will be jointly attended. In these situations, 

according to the shared attention literature, P3 elicited by jointly attended stimuli are expected to 

be increased. However, a recent study failed to observe any effect of shared attention on P3 

amplitude, while the behavioural data suggested, if anything, reduced attention to target stimuli 

(reflected in poorer performance in the shared attention, compared to the control condition; 

Mairon, Nahun, Stolk, Knight & Perry, 2020).  

 

On the basis of Guerin’s (1986) review, monitorability of the observer appears crucial for eliciting 

behavioural mere presence effects, implying attentional conflict (or distraction) is a significant 

contributing factor to such effects. The P3 effect observed in Study 1 is also consistent with 

attentional conflict. However, monitoring processes may not be the only mediators of attentional 

conflict in response to social presence. The next section discusses the potential contribution of 

mentalising processes to attentional conflict in mere presence scenarios, while the subsequent 

section considers the implications of the shared attention literature for mere presence effects. 

 

 

Mentalising 

 

Hamilton and Lind (2016) suggest mentalising may contribute to what they term ‘audience 

effects’, defined as a behavioural change associated with the belief that one is being watched (e.g. 
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social facilitation and impairment effects). Mentalising, or the “process by which people consider 

and manipulate other people’s mental states” (Hamilton & Lind, 2016; p. 161) is a critical 

component of social interaction and communication, and may be either implicit or explicit, as 

suggested by distinguishable developmental trajectories for both the recognition of false beliefs in 

others (implicit mentalising), and the ability to explicitly utilise these false beliefs in reasoning 

(e.g. Apperly & Butterfill, 2009). While explicit mentalising could, of course, occur in social-

evaluative contexts, it is implicit mentalising which is proposed to contribute to audience effects.   

 

There are several ways in which mentalising could plausibly contribute to audience effects; as 

audience effects, by definition, occur when a participant is, or believes themselves to be observed 

or evaluated, they imply some recognition or representation of the perceptual state of the 

observer, which could plausibly impact task-directed attention and/or working memory processes. 

While being observed, the participant may also consider the observer’s opinion or evaluation of 

them, or their performance. Furthermore, the observed participant might attempt to influence the 

mental state of the observer. An example of this would be increasing effort to perform better at 

the task to gain a favourable evaluation (as in impression management approaches to social 

facilitation e.g. Bond, 1982).  

 

It is interesting to note that the medial prefrontal cortex, an area associated with mentalising (e.g. 

Frith & Frith, 1999; 2006) shows increased activation when participants are led to believe they 

could be observed by a remote audience via a video camera link (Finger, Marsh, Jamel, Mitchell 

& Blair, 2006; Izuma, Saito & Sadato, 2010; Sommerville et al, 2013). Furthermore, there is 

evidence that in co-action settings, goal states of the co-actor are represented even when no 

interpersonal coordination is required (e.g. Schmitz, Vesper, Sebanz & Knoblich, 2017) and that 

co-actors each required to attend to specific aspects of a stimulus display (e.g. local and global 

features) nonetheless experience attentional conflict, with the effect eliminated when mutual 

visual access to the co-actor’s stimuli was disrupted (Bockler, Knoblich & Sebanz, 2012). While 

these studies do not directly demonstrate mentalising in social facilitation per se, they are 

consistent with Hamilton and Lind’s (2016) proposal that implicit mentalising occurs under social 

presence which could mediate behavioural effects. If implicit mentalising processes are engaged 

by the mere presence of an observer, this could then plausibly reduce task-directed attention 

(along with monitoring related to physical presence), and hence have contributed to the reduced 

P3 observed under experimenter presence in Study 1. Indeed, P3 amplitude has been shown to be 

negatively associated with perspective taking in a brain-computer interface context (Kleih & 

Kubler, 2013), an effect which the authors attribute to attentional allocation.  

 

In contrast, situations in which a purely evaluative form of presence is implemented (e.g. 

evaluative potential related to non-anonymous data recording, or the presence of a recording 
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device such as a camera) should not elicit monitoring processes, and should only elicit 

mentalising processes under particular circumstances (e.g. if the participant believes a video feed 

of their performance is being observed by a live audience). Together, these processes offer a 

viable explanation of why physical presence might produce attentional effects which are not 

shared by merely evaluative presence. However, purely evaluative presence (e.g. a video camera) 

is itself likely to be associated with unique effects that are not shared by mere physical presence. 

These are discussed below.  

 

 

Shared Attention 

 

The shared attention literature suggests that mentalising is not the “ground floor of human 

connectedness” and that a “basic social attentional stance towards the world precedes theory of 

mind” (Shteynberg, 2015; p. 585). It is generally assumed that jointly perceived stimuli have 

greater significance, a potentially adaptive trait which promotes within-group co-operation. It has 

been demonstrated that jointly attended (compared to non-jointly attended) emotional stimuli are 

associated with significant increases in self-reported affect ratings (Wagner et al, 2015). This 

effect occurs for scary, sad and happy events, and does not appear to be driven by physiological 

arousal (Shteynberg et al, 2014). 

 

This suggests another potentially important moderator of social facilitation effects, namely 

whether the observer and participant jointly attend to task stimuli. The shared attention 

perspective’s emphasis on the object of the observer’s attention has some interesting implications 

for social facilitation. If the co-present other attends to the task, the participants’ task-directed 

attention should also be increased, particularly when the task is cognitively demanding. If, 

however, the co-present other attends to the performer, attention may instead be diverted towards 

one’s own performance; consequences of increased self-directed attention may include impaired 

performance (as in the ‘choking under pressure’ literature, where increased performance 

monitoring is proposed to interfere with actual task performance e.g. Beilock & Carr, 2001). P3 

amplitude should also be divergent in these cases; where the co-present individual primarily 

attends to the task, as in co-action scenarios, P3 amplitude should be increased. If the co-present 

observer primarily observes the performer, and/or their performance, P3 amplitude should be 

decreased. As mentioned above, however, a recent study (Mairon et al, 2020) failed to find an 

effect of shared attention on P3 amplitude. 
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Evaluative Potential in Mere Presence Scenarios 

 

Another seemingly important moderator of mere presence effects, asides from monitorability of 

the co-present individual, is evaluative potential. Twenty-nine of thirty-four studies reviewed by 

Guerin (1986) in which the present individual directly observed the participants (and could 

therefore evaluate their performance) found significant behavioural effects. All of the studies in 

which the observer was the experimenter (which was the majority of those reviewed) found 

significant behavioural effects. The five studies which didn’t find significant observer effects all 

involved manipulations in which the observer was unable to evaluate performance, either lacking 

sufficient knowledge of the task (Desportes & Lemaine, 1969; Groff, Baron & Moore, 1983), 

being unable to see the participant’s performance (Miller, Hurkman, Robinson & Feinberg, 1979) 

or due to the task requiring a behaviour which could not easily be evaluated according to 

objective criteria (Markus, 1978). Evaluative potential may therefore be a necessary condition for 

behavioural mere presence effects. It is possible that in Study 1 the verbal reassurance that the 

experimenter wouldn’t evaluate the participants’ performance was sufficient to nullify any 

behavioural effect, even though participants were unable to continuously monitor the 

experimenter to ensure this was the case.  

 

The twenty-nine aforementioned studies that did find an effect of a direct observer are not 

individually discussed here, as the heterogeneity of adopted methods makes direct comparisons 

between them difficult. However, they generally demonstrate the classic social facilitation effect 

of improved performance for simple tasks, and impaired performance for complex tasks. Guerin 

(1986) notes their results are together consistent with several different explanations of social 

facilitation, including evaluation apprehension, self-attention/control theory, self-presentation and 

conformity to normative behavioural standards, and concludes it is unlikely that behavioural mere 

presence effects can be attributed to a single mechanism. Evaluative potential does, however, 

seem to be a critical factor in their elicitation (as well as monitorability of the observer, as 

discussed above, and task difficulty). While monitorability of the observer’s behaviour is unique 

to physical presence scenarios (compared to purely evaluative presence, such as a video camera), 

and may even represent a necessary condition for behavioural mere presence effects, task 

difficulty and evaluative potential seem likely to moderate social facilitation/impairment effects 

more generally (i.e. they are not exclusive to physical social presence).   

 

 Given the tasks used in Studies 1 and 3 differed in terms of both task difficulty and evaluative 

potential, it is proposed that these factors (as well as presence type) differentially moderated top-

down attentional modulation (and hence P3 responses) in Studies 1 and 3. Specifically, physical 

presence is particularly likely to reduce task-directed attention (due to monitoring/mentalising) in 

a manner which would not necessarily be expected of evaluative-only presence (e.g. a video 
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camera), particularly when the task is relatively undemanding of attentional resources (as in Study 

1), and participants are verbally reassured the experimenter is not monitoring performance (and 

hence are less likely to apply corrective effort). 

 

In summary, there is a good deal of evidence suggesting that evaluative potential may be a 

necessary condition for behavioural mere presence effects. The next section extends the 

discussion outside the realm of mere presence to consider the effects of evaluative potential more 

generally. 

 

 

Effects of Evaluative Potential 

 

The notion that evaluative potential moderates the behavioural response to social presence is not 

new in the social facilitation literature. Henchy and Glass’ (1968) evaluation apprehension 

account emerged as a response to Zajonc’s (1965) proposal that mere presence was sufficient for 

eliciting SFI effects, arguing instead that some potential for evaluation is necessary to elicit 

behavioural effects, and indeed, this is essentially what Guerin’s (1986) review seems to suggest. 

The importance of evaluative potential in social facilitation was first demonstrated in a study 

which showed expert presence, and the presence of a device which recorded participants’ 

performance (supposedly for subsequent analysis by an expert) both elicited significantly more 

prepotent responses (in a pseudo recognition task) than non-expert presence and an ‘alone’ control 

condition (Henchy & Glass, 1968), while Cottrell, Wack, Sekerak and Rittle (1968) demonstrated 

an evaluative audience similarly facilitated the prepotent response, while a blindfolded (i.e. non-

evaluative) ‘audience’ did not. The importance of evaluative potential is also emphasised in social 

value theories (e.g. self-presentation view; Bond, 1982 - see Chapter 1), in which obtaining a 

favourable evaluation, or avoiding an unfavourable evaluation, is proposed to motivate 

performance.  

 

Evaluative potential effects are, of course not exclusive to situations in which there is a physical 

observer and may be implemented in a number of ways. Recording devices, such as cameras, may 

serve as an evaluative cue. Non-anonymised task performances, such as exams, or workplace 

training tests have a high degree of evaluative potential, even if they may not necessarily be 

directly observed as they are being performed. Indeed, merely performing a task in an 

experimental setting causes participants to feel evaluated (Griffin, 2001; Griffin & Kent, 1998). 

Examining the effects of evaluative pressure in the absence of a physically present observer may 

thus help disentangle the effects of mere, physical presence (discussed above) from those 

associated with evaluative potential itself. 
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Implied social presence (such as pictures of eyes) appears to elicit behavioural effects consistent 

with impression management. Pro-social behaviours which appear to be induced by implied social 

presence include increased charitable donations (Powell, Roberts & Nettle, 2006), increased 

likeliness of individuals paying for drinks via an honesty box (Bateson, Nettle & Roberts, 2006) 

and likeliness to recycle (Francey & Bergmuller, 2012), as well as reduced littering (Ernest-Jones, 

Nettle & Bateson, 2011) and bicycle theft (Nettle, Notts & Bateson, 2012). These effects occur 

even though in such cases there is clearly no evaluation taking place, but merely an implicit, 

highly abstract suggestion of evaluation. Bateson, Callow, Holmes, Roche and Nettle (2013) 

examined whether implied social presence causes individuals to behave more pro-socially in 

general, or whether the effects of implied social presence represent a conformity to local norms. 

They found littering behaviour increased when there was already litter on the ground 

(representing a norm effect), but images of eyes did not interact with the presence of litter, and in 

fact, the impact of litter was attenuated by implied social presence. The authors interpret their 

findings as evidence that implied social presence causes individuals to adopt more pro-social 

behaviour regardless of the local descriptive norm.  

 

Both implied social presence and evaluative potential thus appear to activate reputational 

concerns and impression management behaviours; in the context of task performance, this may 

simply be trying to perform as well as possible. In the case of implied social presence, this may be 

acting in a socially desirable manner. These responses to evaluative potential (whether real or 

implied) can therefore broadly be considered as motivation-driven, with the motivation serving 

the purpose of gaining approval or presenting a desirable self-impression, similar to how Bond’s 

(1982) impression management theory seeks to explain social facilitation.  

 

The role of motivational processes in the evaluation-performance relationship is further 

demonstrated by studies aimed at testing the mere effort account (e.g. Harkins, 2006; McFall, 

Jamieson & Harkins, 2009). Evaluative potential was implemented in these experiments by 

informing participants their data would either be analysed individually, or immediately merged 

with other participants’ data and not individually analysed. Across multiple experiments in each 

study, evaluative pressure was associated with behavioural effects consistent with a facilitation of 

the prepotent response (and subsequent corrective behaviours when the prepotent response was 

incorrect). According to the mere effort account, the effects of evaluative pressure on performance 

can thus be attributed primarily to a state of heightened motivation, which produces effects similar 

to those described by drive theory (i.e. increased emission of dominant responses) as participants 

simply put more effort into the dominant response, which produces effective performance on 

simple, but not difficult tasks. A study by Cohen (1979) suggests evaluation effects may also have 

an arousal component, as participants who were told their performance would be recorded 

exhibited significantly higher Palmar Sweat Index responses than those who were not.  
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Evaluative potential has also been associated with improved performance on sustained attention 

tasks. Claypoole and Szalma (2018) found while the effects of evaluative and mere presence on 

false alarms did not differ, evaluative presence was associated with significantly fewer false 

alarms than an ‘alone’ condition, whereas mere presence and ‘alone’ condition false alarms did 

not differ. Miyazaki (2013; 2015) similarly found video monitoring reduced miss errors in a target 

detection task, associated with the adoption of a more liberal search criterion (i.e. tendency to 

report target as present), which the author attributes to participants’ desire to avoid missing targets 

as a result of the social motivation to perform well. However, an attentional filtering explanation, 

whereby top-down modulation of attentional set enhances processing of target features, while 

seemingly plausible, was not considered by the author.  

 

In summary, the effects of evaluative pressure have generally been attributed to motivational 

processes. The enhanced P3 observed in Study 3 is somewhat consistent with this, given the 

positive association between motivation and P3 amplitude (e.g. Carillo-de-la-Pena & Cadaveira, 

2000). However, given only target elicited P3 was modulated by the presence of a video camera, 

an attentional filtering explanation cannot be ruled out. It is, of course, entirely possible that 

motivational and attentional processes are each impacted by evaluative pressure, although the 

attentional effects of evaluative pressure have tended to be overlooked as the focus has 

predominantly been on motivation. The P3 modulation effect observed in Study 3 suggests that 

neuroimaging methods may prove invaluable in discerning the attentional effects of evaluative 

potential.  

 

 

Interim Summary  
 

On the basis of the studies described thus far, and consistent with the seemingly divergent P3 

effects reported here (Studies 1 and 3), it is proposed that mere physical presence predominantly 

impacts attention by engaging implicit mentalising and monitoring processes which ultimately 

divert attention away from the primary task. This may or may not affect behavioural performance, 

depending on the attentional requirements of the task. For example, in Study 1, impact of the 

experimenter’s presence, while seeming to reduce P3 amplitude, did not affect performance as 

participants were required to detect low-level changes in physical stimulus properties (i.e. shape, 

colour) which would not have required a great deal of attentional resources. The relatively 

consistent RTs observed in that study, across all conditions, are consistent with a ceiling 

performance effect associated with the simple task nature of the task. The inattentive nature of the 

experimenter presence seems likely to have also contributed to the null behavioural effects, given 
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the importance of evaluative potential in eliciting behavioural mere presence effects (Guerin, 

1986).  

 

Evaluative pressure, on the other hand, appears likely to lead to enhanced attention towards the 

task in general, and given the selectively increased P3 for target probes (Study 3), an attentional 

modulation effect whereby target features are preferentially processed. Previous studies which 

have demonstrated this attentional filtering effect in response to social presence (e.g. Belletier et 

al, 2015; Huguet et al, 1999; Normand, Bouquet & Croizet, 2014) adopted an evaluative, 

physically present observer, which makes it impossible to determine whether attentional 

modulation is a result of physical presence, evaluative potential or a combination of the two. The 

results of Study 3 provide not only a novel demonstration of evaluative presence modulating 

neural markers of attention; they also suggest evaluative potential is likely the cause of attentional 

narrowing for goal-relevant, target features.  

 

It is interesting to consider the null behavioural results of Study 3 in light of these differences 

between physical and evaluative presence effects. While AX-CPT performance has been shown to 

be affected by experimenter presence (specifically, causing participants to adopt a more reactive 

strategy; Belletier, Normand, Camus, Barouillet & Huguet, 2019), video camera presence does 

not appear to have the same effect (Study 3). Again, this appears consistent with the proposal that 

physical, but not evaluative presence evokes parallel cognitive processes which should consume 

attentional resources (e.g. monitoring, mentalising) and therefore reduce the viability of a 

proactive control mode, given that the goal maintenance needed for proactive control requires a 

significant attentional commitment (Braver, 2012; Duncan, Emslie, Williams, Johnson & Freer, 

1996; Kane & Engel, 2002).  

 

It is worth reiterating that while mere physical and mere evaluative presence effects are compared 

in this section, social presence is rarely either purely physical or purely evaluative and often will 

involve a physically present, evaluative observer. Therefore, while the effects of evaluative 

pressure and mere physical presence may appear orthogonal (and for the purposes of theory 

development it might be useful to consider them as such), in most situations in day-to-day life, as 

well as the situations with which the social facilitation/impairment literature has generally 

concerned itself, these are often conflated. Effects which may be common to both mere presence 

and evaluative potential should be considered; for example, arousal increases in response to a 

perceived threat potential may occur in response to either physical or evaluative presence, 

depending on a range of contextual moderators, such as proximity and predictability of the 

observer’s behaviour, in the case of physical presence, or outcome valence (e.g. Ferris, Beehr & 

Gilmore, 1978) and expectancies (e.g. Sanna & Shotland, 1990), in the case of evaluative 

presence.  
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Nonetheless, qualitatively distinct effects may be associated with mere presence on the one hand, 

and evaluative potential on the other. For example, mentalising and monitoring seem unlikely to 

occur in the absence of a live observer, while the extent to which physical presence impacts 

motivation and attention appears to depend on various factors, including observer status, and the 

extent to which the observer attends to, and has sufficient knowledge of the task to evaluate 

performance. Social status of the co-present individual has been shown to specifically moderate 

attentional narrowing effects, with upwards, but not downwards social comparison reducing the 

illusory conjunction effect (Muller & Butera, 2007). Illusory conjunctions (Treisman, 1998) are 

attentional binding effects that occur when features of a target stimulus are presented together in a 

visual search display (e.g. when asked to respond to a ‘$’ sign target, participants may report a 

target if a vertical bar and ‘S’ are presented together), particularly with high load displays and 

brief presentations (e.g. 70ms in Muller and Butera’s study) which do not allow full attentional 

processing of the entire display. The attentional filtering of peripheral (distractor) cues 

hypothesised to result from social presence should reduce the emission of illusory conjunction, 

and this is indeed what was found by Muller and Butera (2007) as mere coaction reduced illusory 

conjunctions compared to co-action involving social comparison. Furthermore, upwards social 

comparison with a superior performing co-actor was associated with significantly fewer illusory 

conjunctions than downwards comparison with an inferior performing co-actor. Given the 

perceptual nature of illusory conjunctions, Muller and Butera’s (2007) findings suggest that the 

attentional filtering mechanism proposed to contribute to social facilitation effects (both in this 

thesis and elsewhere e.g. distraction-conflict hypothesis) is not a result of voluntary, systematic 

strategies (as was proposed by Huguet et al, 1999, to account for their Stroop task results). It is 

also interesting to note that these results suggest a specific attentional process which may underlie 

social facilitation effects; namely, the ‘binding’ stage of attentional processes where primary 

features of stimuli are combined to form a stable percept of a given object. This idea is expanded 

on in the following section. 

 

Narrowing of attentional focus to facilitate processing of goal-relevant information thus appears 

to be primarily a consequence of evaluative potential (e.g. Miyazaki, 2013, 2015; Normand, 

Bouquet & Croizet, 2014) but could also plausibly arise from a reduction in attentional resources 

as a result of physical presence, due to monitoring and/or mentalising.  In order to further clarify 

the apparent discrepancy in the P3 findings observed in Studies 1 and 3, as well as findings from 

studies in the literature which have been interpreted as inconsistent (e.g. McFall, Jamieson & 

Harkins’ (2009), discussion of Huguet, Galvaing, Monteil & Dumas’ (1999) findings), it is 

necessary to elaborate on the attentional effects of social-evaluative presence with regards to 

neurocognitive processes. This is the subject of the following section. 
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Specifying the Attentional Effects of Social-Evaluative Presence 
 

The results of the studies here and elsewhere (see Chapter 3; Discussion) suggest that social-

evaluative presence influences top-down attentional modulation, such that the attentional set is 

narrowed to enhance processing of target/goal-relevant information and reduce processing of non-

target/goal-irrelevant information. This account is consistent with both the classic behavioural 

social facilitation effect, and cue utilisation theory, whereby enhanced attention to goal-relevant 

cues facilitates performance when the task is learned, and the most goal-relevant sources of 

information are known, but impairs performance on unlearned tasks where attentional narrowing 

hinders performance when the  most goal-relevant sources of information are not yet known. It is 

also consistent with the moderating impact of task difficulty in social facilitation effects; simple 

tasks are those which can be performed successfully by attending to a relatively small number of 

cues, whereas more difficult tasks require attending to a wider range of cues. Hence, performance 

of simple tasks are improved by attentional narrowing, whereas performance of difficult tasks are 

impaired.  

 

An enhancement of attentional set for goal-relevant cues is evident in findings presented here; 

namely, in the reduced utilisation of double cues in the ANT (Study 2) under observation, and 

increased P3 for target probes only in the AX-CPT under camera presence (Study 3). While 

attentional set shifting has been shown to modulate P3 amplitude elsewhere (Barcelo, Munoz-

Cespedes, Pozo & Rubia, 2000), the reduced target elicited P3 in Study 1 under experimenter 

presence appears somewhat at odds with a proposed enhancement of attentional set for target 

features. While this may be attributable to the specific implementation of the social presence 

manipulation used in that study, as well as the particular attentional demands of the task (as 

discussed above), this attentional set account of SFI effects nonetheless requires further detailing 

with regards to the potential underlying neurocognitive mechanisms.  

 

Normand, Bouquet and Croizet’s (2014) study is informative here, and presents rather persuasive 

evidence that the attentional set effect occurs at the level of response selection, given that the 

presence of distractors which shared physical features of the target affected behavioural 

performance under evaluative pressure when participants were required to indicate the location of 

a particular target (localisation task), but this effect disappeared when participants were asked 

simply to indicate whether or not a given target appeared in a stimuli display (identification task). 

The authors thus attribute the distracting effect of target-similar stimuli under evaluative pressure 

to visuomotor priming, rather than bottom-up attentional capture, yet also recognise that the 

mechanism of response activation under evaluative pressure requires replication and more precise 

specification. They tentatively propose two routes through which evaluative pressure may 

modulate contingent attentional selectivity at the response selection stage. Threat-induced 
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depletion of attentional resources may translate to fewer attentional resources being available for 

processing peripheral (i.e. task-irrelevant, or non-target) information (cf. cue utilisation theory). 

On the other hand, increased monitoring of performance may be responsible for implementing 

stronger attentional sets, particularly with regards to response contingencies. While this particular 

question would require further research, there is some evidence that the two routes are dissociable 

and a series of experiments by De Caro, Thomas, Albert & Beilock (2011) suggest that being 

observed by another person induces greater action monitoring (cf. ‘choking under pressure’), 

which could plausibly mediate the visuomotor priming effect reported by Normand et al (2014), 

while evaluative pressure that invokes concerns about performance outcomes may impair 

cognitive control due to such concerns consuming attention and working memory processes. 

Normand et al’s (2014) study implemented a form of evaluative presence which combined 

experimenter observation and outcome pressure (i.e. participants in the ‘experimenter presence’ 

condition were also led to believe their performance was reflective of their intellectual ability), so 

their results cannot address the issue of how mere presence on the one hand, and evaluative 

potential on the other, may differentially affect attentional focusing. In any case, the question of 

the neurocognitive processes underlying the attentional response-priming effect (Normand et al, 

2014) are yet to be explicitly investigated, although research from the wider literature (discussed 

below) may provide some insight.  

 

One study of particular relevance here is Wyart, Myers and Summerfield (2015), who recorded 

EEG while participants performed a perceptual choice task under conditions of focused and 

divided attention. They found evidence of two distinct attentional filters operating over the course 

of decision formation, with the first filter operating as information is passed from feature-selective 

sensory cortices to a centroparietal signal, at which time it is incorporated into the frame of 

reference of the category judgment. Evidence cued as decision irrelevant is eliminated at this 

stage. When multiple sources of information must be integrated simultaneously, a second filter 

allows only a subset of information signals to flow from parietal signals to effector selective 

cortices where it is integrated into a response. The decision process thus appears to be broadly 

reducible to three distinct stages; namely, perceptual encoding, conversion of sensory signals to 

decision signals and finally, accumulation of the decision signal towards a motor response 

(although Heekeren, Marrett & Ungerleider (2008) posit an additional stage between the 

perceptual encoding and decision stages, in which perceptual uncertainty or difficulty may signal 

the need for recruitment of additional attentional resources). 

 

Traditionally, P3 has been considered to reflect ‘context updating’ (e.g. Donchin & Coles, 1988); 

under this account, P3 is only elicited after stimulus categorisation (e.g. as goal-relevant or 

irrelevant; see Chapter 2 for a discussion of theories related to P3 function and the distinction 

between P3a and P3b). However, Twomey, Murphy, Kelly and O’Connell’s (2015) computational 
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modelling of P3 characteristics to simulated decision processes suggests that rather than being 

triggered by the completion of stimulus identification, P3 traces the identification process itself, 

with the rate of the rise of P3 indexing evidence accumulation. They thus suggest P3’s function 

serves as an intermediate step between stimulus encoding and motor preparation. This is 

consistent with Wyart et al’s (2015) account of attentional filtering and implies P3 may reflect the 

centroparietal signal involved in determining whether the incoming sensory information is 

decision relevant. Indeed, the centroparietal positivity (CPP) shares a topographic scalp 

distribution with P3 and has been suggested to reflect the same decision signal (Hanks & 

Summerfield, 2017). While rate of the build-up of the CPP has been shown to correlate with 

reaction time (Kelly & O’Connell, 2013), and effector-specific regions in the posterior parietal 

cortex have been shown to reflect the strength of sensory evidence in favour of a particular 

response (even when the mapping between stimulus and response is arbitrary; Tosoni, Galati, 

Romani & Corbetta, 2008), the CPP also appears to exhibit evidence-dependent build up 

dynamics regardless of motor requirements or sensory modality (Kelly & O’Connell, 2015) 

suggesting the signal is associated with decision-specific processes, rather than merely encoding 

sensory information or response preparation.  

 

Within this context, the findings of the current studies, in terms of both P3 modulation under mere 

(Study 1) and evaluative (Study 3) presence, as well as the drift rate findings (Study 2) are 

convergent in suggesting social-evaluative presence specifically impacts the stage of the decision 

making process which encodes incoming sensory information as decision relevant/irrelevant 

(directly indexed by P3), which is consistent with the attentional set account of SFI proposed here, 

and supported by findings in the extant literature (see Discussion section; Chapter 3). 

Furthermore, target selection signals have been shown to predict the onset and rate of evidence 

accumulation (Loughane et al, 2016), suggesting top-down modulation of attentional set for target 

features influences the decision making process (e.g. Ho, Brown, Abuyo, Ku & Serences, 2012), 

reflected here by both P3 amplitude (Studies 1 & 3) and drift-rate (Study 2).  

 

Findings from the extant literature, in combination with those presented here, converge on an 

attentional modulation explanation of the effects of social-evaluative presence, whereby a 

strengthening of attentional set for goal-relevant information will lead to items that would 

normally be ‘filtered out’ by the first-stage attentional filter (which encodes information in terms 

of its goal relevance; Wyart et al, 2015) being incorporated into the decision process reflected by 

the upwards slope of the P3 (Twomey et al, 2015) provided they share features of the target (and 

therefore fall within the attentional set). Hence, under social presence, attention will be directed 

towards distractor stimuli which share features of the target (e.g. Normand et al, 2014). 

Conversely, cues which may be informative for the purposes of the task, and utilised under 

control conditions, may be filtered out at this point under social-evaluative presence if they do not 
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share features with the target. This was apparent here in the reduced utilisation of temporal cues in 

the ANT (Study 2) under social-evaluative presence.  

 

The Study 1 finding of a reduced P3 for targets under experimenter presence appears somewhat at 

odds with this account; if social and evaluative presence enhances attentional processing for goal-

relevant stimuli, why would the amplitude of target-elicited P3 be reduced in this condition? 

There are several factors which are relevant here. Firstly, given the nature of the presence 

manipulation, it seems possible that the presence of the experimenter engaged monitoring and/or 

mentalising processes which reduced available attentional resources for the task, especially 

considering ERP responses across the epoch were reduced for all stimuli types under 

experimenter presence. Secondly, given the task was relatively simple and cognitively 

undemanding, it seems likely that participants were still able to adequately perform the task in this 

condition without having to modulate their attentional set in the way they might otherwise, given 

a more difficult or demanding task. This explanation, while admittedly somewhat speculative, is 

consistent with the extant literature insofar as task complexity has been suggested to be a key 

moderator of social facilitation i.e. when cognitive demands of a task are relatively low, social-

evaluative presence does not impair performance. Finally, target-elicited ERPs were not 

exclusively reduced by experimenter presence; non-target Oddball-elicited ERPs were also 

reduced, suggesting the reduced P3 was a result of a general reduction in task-directed attention, 

rather than modulation of attentional set for specific features which is proposed here to mediate 

social facilitation effects generally.  

 

This account contributes to the understanding of how social-evaluative presence elicits attentional 

(and subsequently behavioural) effects. The question of why social-evaluative presence should 

elicit this particular effect is, however, outstanding. While any proposals regarding this issue 

remain somewhat speculative pending further research, there are several reasons why social-

evaluative presence might impact attentional filtering processes, many of which have been 

discussed throughout this and the preceding chapters. Nonetheless, it is worth summarising these.   

 

Both physical and purely evaluative forms of presence may increase arousal; the former due to the 

potential for threat and a phylogenetic readiness disposition in response to potential social 

encounters, and the latter due to evaluative potential incentivising competent performance (e.g. 

due to motivational factors related to impression management and self-presentation concerns; 

Bond, 1982). In other words, arousal is likely to be increased whenever an individual perceives a 

potential threat or judgment. According to cue utilisation theory, attentional focus and arousal can 

be represented as a Gaussian function where the scope of attentional focus increases with arousal 

up to a certain point (i.e. the middle of the curve, representing an optimal performance range; 

Bacon, 1974). However, if arousal increases further beyond this, attentional focus begins to 
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narrow. Given task difficulty and familiarity appear to moderate the physiological response to 

social presence (Blascovich, Mendes, Hunter & Salomon, 1999), the strengthening of attentional 

set for goal-relevant information could therefore plausibly be a result of the arousing effect of 

social-evaluative presence, particularly for difficult, or unfamiliar tasks. This explanation is, 

however, somewhat hampered by relatively weak and inconsistent evidence for an arousal-based 

explanation of social facilitation effects (Bond & Titus, 1983).  

 

A general taxing of attentional resources under social-evaluative presence could also plausibly 

account for this effect; as attentional demands are increased (whether due to monitoring and 

mentalising processes associated with physical presence, or self-monitoring processes and 

rumination regarding reputational concerns associated with evaluative potential) and the available 

resources for task performance are reduced, attentional filters may be selectively tuned to goal-

relevant features to compensate. It is argued here that this represents the most plausible and 

parsimonious account of the findings observed in these studies and elsewhere (i.e. studies 

reviewed in Discussion, Chapter 3), although this interpretation itself would need to be validated 

by studies in which tasks are varied according to their attentional demands, and social-evaluative 

presence manipulations are varied according to hypothesised attentional effects (e.g. conditions in 

which environmental monitoring, mentalising and performance monitoring are likely to occur 

should produce stronger attentional set effects than either of these would in themselves). Given a 

physically present, evaluative observer appears to elicit larger performance effects than merely 

present observers, or evaluative pressure alone (Guerin, 1986) and this effect has itself been 

demonstrated with a task in which attentional filtering seems likely to moderate the effect (i.e. 

Stroop task; Huguet et al, 1999), this seems likely to be the case, although it would be necessary 

to vary physicality and evaluative potential of social presence within an experiment which is 

designed to directly assess attentional processes and their neural correlates, in order to address this 

possibility. Furthermore, it’s not immediately clear why such attentional effects appear to 

specifically operate at the level of response selection (Normand et al, 2014). It seems possible that 

a phylogenetic disposition towards readiness to engage with others in response to potential social 

encounters could explain the close association between attention and visuomotor processes under 

social presence which appears to broadly underlie the attentional set effects described here, 

although this suggestion is somewhat speculative. 

 

Understanding the effects of social-evaluative presence in terms of its impact on decision making 

has not only the benefit of providing a fuller explanation of social facilitation effects than merely 

focusing on behavioural outcomes; it can also build a general explanation of how social-

evaluative context impacts cognition and behaviour across a wider range of contexts (e.g. 

economic decisions, charitable behaviour) than can focusing on the effects on task performance 

alone. 
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Summary of Findings 
 

This thesis aimed to further elucidate the mechanisms underlying social facilitation by 

investigating potential neural markers of social-evaluative presence and considering how social-

evaluative presence impacts higher-order cognition. This was motivated by an observation (based 

on a review of extant theories and research) that the purely behavioural methods and measures 

used in the extant social facilitation literature do not necessarily allow for mediating factors to be 

examined. The aim of the first study was to examine the feasibility of motivation-based 

approaches to SFI on the one hand, and attention-based approaches on the other, using a reliably 

elicited ERP component (the P3) which has been shown to be sensitive to both attentional 

allocation (e.g. Israel, Chesney, Wickens & Donchin, 1980; Nash & Fernandez, 1996) and 

motivation levels (e.g. Carillo-de-la-Pena & Cadaveira, 2000; Kleih, Nijboer, Halder, & Kubler, 

2010). The observed reduction in P3 amplitude under social presence was consistent with an 

attention-based, and inconsistent with a motivation-based explanation of social facilitation.  

 

The second study, broadly speaking, aimed to further investigate how social-evaluative presence 

impacts higher-order cognition and executive functioning by using several different tasks, each of 

which was used to test specific predictions derived from attention-based SFI theories. Namely, 

whether social-evaluative presence induces a spatial attentional narrowing effect (Navon task), 

whether attentional effects of social-evaluative presence were attributable to a specific attentional 

network (ANT) and whether (as suggested by Wagstaff et al, 2008), the extent to which a task is 

cognitively demanding moderates the extent of social impairment. Results from this study, rather 

than supporting any one of these specific predictions, instead suggested task-independent 

interactive effects between task-learnedness and social-evaluative presence. Complementary drift 

diffusion modelling suggested that information accumulation was appeared to mediate this 

interaction. Study 3 therefore investigated, given the task-independent nature of the results from 

Study 2, whether the effects of social-evaluative presence were attributable to a general cognitive 

control mechanism (as had appeared to be demonstrated by Belletier, Normand, Camos, 

Barouillet & Huguet, 2019). While this did not seem to be the case in this study, a significantly 

increased target-elicited P3 in the evaluative presence condition once again suggested an 

attentional modulation effect associated with evaluative presence, while individual difference 

measures suggested that certain personality traits may indeed be associated with a shift towards 

more proactive cognitive control in response to the presence of a video camera.   

 

In combining and comparing results from across the studies reported in this thesis, three key 

findings emerge. Firstly, it appears that mere physical and evaluative presence are associated with 

distinct general attentional effects, as evidenced by divergent effects of each on target elicited P3 

amplitude; mere physical presence appears to reduce task-directed attention, possibly due to 
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implicit mentalising and monitoring, while purely evaluative presence seems to increase 

attentional allocation to the task, in particular target stimuli. Further research could validate and 

extend this finding by comparing mere, physical presence on the one hand, and purely evaluative 

(i.e. non-physical) presence on the other, within the same task. While the results of studies 1 and 3 

are consistent with the above interpretation, differences in task difficulty and cognitive 

requirements (as well as the use of a within-subjects design in study 1, and a between-subjects 

design in study 3) may limit comparability between studies.  

 

The second key finding is the evidence for an effect of social-evaluative presence on the decision 

process, reflected by the drift rate interaction effect in Study 2 (as well as the P3 effects in Studies 

1 and 3). As these experiments were not specifically designed to examine how presence impacts 

decision-related processes, this interpretation is once again, somewhat tentative. However, it is 

consistent with numerous studies suggesting top-down modulation of attentional set for goal-

relevant information may be a primary mediator of social facilitation effects (see Discussion 

section; Chapter 3). In order to clarify and extend this finding, future studies could apply 

methods from the growing literature which examines decision-making by combining 

neuroimaging measures with behavioural data modelling within the context of social facilitation. 

 

The final key finding (discussed in Discussion section; Chapter 4) is that extraversion correlated 

with target elicited P3 amplitude under evaluative presence, but not in the control condition 

(Study 3). Furthermore, there was evidence that the relationship between evaluative presence and 

cognitive control appears to be moderated by not only extraversion, but also self-esteem and trait 

anxiety. Specifically, evaluative presence appeared to induce a shift towards proactive (rather than 

reactive) cognitive control among positively oriented individuals (i.e. high extraversion and self-

esteem, low trait anxiety). These findings support and extend Uziel’s (2007) analysis of the 

moderating impact of individual differences in social orientation traits by showing that the 

moderating effect of social orientation may be observable in neural markers (i.e. P3 amplitude), 

and cognitive control strategy (i.e. proactive or reactive) may mediate the relationship between 

social orientation and response to evaluative presence.  

 

Implications of Findings 
 

The aim of this thesis was to contribute to SFI theory, particularly with regards to the role of 

attentional processes. There are therefore few direct applications of the findings, although as 

noted by Belletier, Normand & Huguet (2019), social facilitation research has value in itself 

beyond its immediate theoretical focus; for example, the identification of individual neurons in 

the primate cortex which are sensitive to social context (Demoliens, Isbaine, Takerkart, Huguet & 
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Boussaoud, 2017) is refining our understanding of the social brain. With regards to methodology 

in experimental psychology, research within this area consistently demonstrates the need for 

researchers to carefully note and control for the specific social environment within which 

experiments are conducted. For example, merely recording neural imaging data with fMRI seems 

to exert effects consistent with social presence (Turner et al, 2020). The studies reported here 

suggest researchers investigating attentional processes ought to be particularly cognisant of the 

particular social context in which experiments are conducted. The results from the studies here do 

have some wider application with regards to the apparent associations between attentional set 

modulation and decision-making processes, which may be indexed by P3 amplitude. 

 

The key theoretical implications of the findings reported here is that attentional and behavioural 

effects of social-evaluative presence may well be dissociable, and future research ought to 

incorporate non-behavioural methods to more clearly elucidate the effects of social-evaluative 

presence. The extant literature has implicitly regarded behavioural social facilitation effects as the 

only meaningful consequence of social presence; however, these studies demonstrate that it may 

be possible to observe socially induced attentional effects and their neural correlates in the 

absence of any explicit behavioural effect. The extent to which these effects are in themselves 

valuable may be questioned, but in building a comprehensive theory of social facilitation, a 

deeper understanding of the contributing mechanisms can only be useful. There may in fact be 

sufficient evidence, on the basis of these findings and those in the wider literature, for the 

attentional set effect posited here to be studied in its own right as an interesting and important 

social phenomenon.   

 

The findings reported here also reiterate the importance of distinguishing the effects of physical 

presence and purely evaluative presence. While the extant literature will often note the distinction 

between co-action, observation, mere presence and evaluative pressure (e.g. Guerin, 1993), the 

terms are nonetheless often all subsumed under the ‘social facilitation’ literature. A relatively 

recent example of this is in McFall et al’s (2009) series of experiments in support of the mere 

effort account, in which they compare their findings to that of Huguet et al’s (1999) Stroop task 

study, noting that the results of their own study are inconsistent with the attentional narrowing/cue 

utilisation interpretation offered by Huguet et al (1999) for the finding that an evaluative observer 

significantly reduced Stroop interference. However, in McFall et al’s (2009) experiments, 

evaluative pressure was implemented without any form of physical presence or observation (i.e. 

participants were told their data either would or would not be individually analysed), whereas in 

Huguet et al’s (1999) study, evaluative pressure was implemented in combination with physical 

social presence. Clearly, the social-evaluative context in both studies was considerably different, 

and given the possibility that task-directed attention may be increased by evaluative, and reduced 

by physical presence (as argued in this chapter, and suggested by results here and elsewhere in the 
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literature) comparing results obtained from such different methodologies is arguably misleading 

and unhelpful, and should be avoided, at least until the commonalities and differences between 

mere presence on the one hand, and evaluative potential on the other, are better understood.  

 

Some researchers have argued for an essentially situationist approach for social facilitation (e.g. 

Guerin, 1993) on the basis of a single theoretical account seeming unachievable, or unlikely to be 

sufficiently parsimonious to provide any theoretical benefit. While social facilitation and related 

phenomena which describe responses to social-evaluative presence and pressure (e.g. ‘choking 

under pressure’, stereotype threat) are undeniably complex, that should be no reason in itself to 

abandon the endeavour of understanding the basic changes associated with shifts from ‘alone’ to 

‘social’ or ‘evaluative’ situations. However, some revisions to the nomenclature could be of some 

use. Firstly, distinguishing between social (e.g. experimenter physically observing participant 

performance) and evaluative presence (e.g. a camera) could prevent comparisons between studies 

which share different methodologies and therefore shouldn’t be compared for the risk of 

muddying the water (a problem endemic throughout the extant literature). The term ‘social-

evaluative’ is used throughout this thesis as an all-encompassing term for the types of 

manipulations that have been employed in social facilitation research, although it should be noted 

this does not necessarily imply that all effects are necessarily shared between social presence on 

the one hand, and evaluative presence on the other, although some (e.g. arousal increases and 

enhanced motivation) may well be. Future research should investigate within-task differences 

associated with each type of presence to establish and characterise the extent to which effects 

associated with each differ, and which effects appear to be shared. Here, it is proposed that task-

directed attention may represent one such factor which could be differentially affected by each 

type of presence (i.e. reduced by physical presence and increased by evaluative presence). 

 

While the social facilitation literature has typically focused solely on behavioural effects, the 

studies reported here suggest that attentional and neural effects associated with social-evaluative 

presence may not necessarily have an overt behavioural counterpart and ignoring the former could 

impede understanding of how the latter arise. The results presented here suggest that 

neurocognitive examinations of the effects of social-evaluative contexts may not only be useful as 

a supplement to the purely behavioural analyses that exist in the extant social facilitation 

literature, but in fact, are necessary to elucidate the mechanisms underlying social facilitation and 

impairment effects, given all prominent SFI theories invoke mediating processes and states (e.g. 

arousal, or drive, attention, motivation) which are virtually impossible to infer solely on the basis 

of observable behaviour. 
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Limitations 

 

There is a potential limitation with the studies reported here with regards to sample 

characteristics, as the samples were predominantly female. Given the importance of individual 

differences in moderating social facilitation effects (e.g. Uziel, 2007), the possibility that results 

were influenced by demographic characteristics are worth noting. While sex differences have 

been observed for motor task performance in co-action scenarios (Bell, Loomis & Cevone, 1982), 

the effect of gender was smaller than that of task difficulty. Furthermore, while there is some 

evidence of dimorphism in response to mixed sex interactions, it is men, but not women, who 

appear to show working memory impairments, seemingly due to impression management 

concerns (Karremans, Verwijmeren, Pronk & Reitsma, 2009). A predominantly female sample 

seems therefore less likely to have affected the results than would a predominantly male sample, 

although Bond and Titus’ (1983) meta-analysis nonetheless reveals a non-significant effect of 

percentage of male participants.  

 

The mix of repeated measures (Studies 1 & 2) and between-groups (Study 3) designs may limit 

the comparability of findings between the studies. Generally, it would seem advisable to use 

between-group designs for social facilitation research, given the significant interactions between 

social-evaluative presence and task learnedness which mean practice effects and social facilitation 

effects may often be confounded in repeated measures designs. 

 

While the experiments reported here arguably implemented a more valid ‘alone’ condition than 

many social facilitation studies (given the use of Faraday cages which assured participants the 

experimenter could not observe them in the control conditions), there are nonetheless issues 

regarding the validity of the ‘alone’ conditions. Several studies show that merely performing a 

task leads participants to feel as if they are being monitored, even in the absence of an audience, 

and only when sitting alone in the absence of any task instructions do participants report not 

feeling monitored (Griffin, 2001; Griffin & Kent, 1998). Furthermore, participants demonstrate 

social facilitation effects even if they perform a task which they do not infer is part of the main 

experimental procedure (Schmitt, Gilovich, Goore & Jospeh, 1986), highlighting the difficulty of 

implementing ‘true’ control conditions in social facilitation research generally (Guerin, 1986; 

Markus, 1978). This has been cited as a possible contributing factor to the inconsistent and, at 

times contradictory results in the extant literature (Griffin, 2001). It therefore seems likely that the 

social-evaluative effects reported here (and elsewhere) are attenuated by this methodological 

constraint, and if anything, may be larger in day-to-day life than they appear in the laboratory 

setting. 
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Conclusions 
 

Attentional effects associated with social-evaluative presence were found across the studies 

reported here, reflected in modulation of the P3 ERP component across different social-evaluative 

contexts. Study 1 found experimenter presence was associated with a reduced P3 response to both 

target and non-target probabilistically rare stimuli in a sustained attention task. This effect is 

tentatively attributed to the physical presence manipulation implemented. It is proposed that 

physical social presence induces implicit mentalising and/or monitoring processes which reduce 

the availability and allocation of attentional resources to the task. Study 2 found the ‘classic’ 

social facilitation effect (i.e. improved and impaired performance for learned and unlearned tasks 

respectively) appears to be mediated by information accumulation, potentially signifying a top-

down modulation of attentional set. This interpretation is corroborated by the finding that under 

observation, participants were less able to effectively utilise informative cues (in the ANT; Study 

2) than participants in the control condition, presumably because these cues did not share the 

physical features of the target stimuli. Study 3 found further evidence of a top-down attentional 

modulation effect; when being video recorded, there was an enhanced P3 response (compared to 

non-recorded participants) for target probes only, suggesting selective attentional modulation to 

enhance processing of target features. It is suggested that mere physical presence on the one hand, 

and evaluative presence on the other, exert qualitatively different effects, with the former 

associated with a taxing of attentional resources, due to monitoring and mentalising processes 

being initiated in response to the physical presence of a conspecific. Purely evaluative presence, 

on the other hand, appears likely to invoke the kinds of processes suggested by social value and 

motivation-based approaches to social facilitation (e.g. impression management, normative 

behaviours). Such processes have also been shown to mediate the effects of evaluative pressure in 

other literatures (e.g. implied social presence, ‘choking under pressure). Given in many day-to-

day situations, social-evaluative contexts are likely to contain some combination of physical and 

potentially evaluative presence (e.g. giving a talk to a live audience or taking a driving test) it is 

proposed here that it may be useful to conceive of physical and evaluative presence as broadly 

orthogonal, yet additive (see figure 36). The enhancing of attentional set for goal-relevant 

stimulus features, a common theme in many attention-based approaches of social facilitation 

generally, has been previously shown to occur in response to evaluative observers (Normand et al, 

2014), although the results here suggest it may also occur in response to purely evaluative 

presence. This attentional modulation effect provides a potential explanatory mechanism for many 

aspects of social facilitation effects, including the interactive effects of social-evaluative presence 

and task learnedness, or familiarity, which are consistently observed. Although the attentional set 

effect described here appears to have the greatest explanatory power of any single mechanism 

proffered to account for social facilitation/impairment effects (among both these studies reported 

here, and elsewhere in the literature e.g. Discussion section; Chapter 3), it seems highly unlikely 
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that a single-mechanism account of social facilitation is plausible, as evidenced by the lack of any 

sort of consensus in the extant literature of one hundred twenty years. However, by considering 

how the social-evaluative contexts impacts an individual across the biopsychosocial spectrum, 

and with a wider methodological toolkit than has previously been applied to the phenomenon, 

researchers are making progress on delineating the neurocognitive mechanisms responsible for the 

most basic form of social influence i.e. the effect of the mere presence of one individual, whether 

real or implied, on the behaviour (and cognition) of another. On the basis of the research reported 

here, it appears that P3 is a reliable marker of social presence and may therefore represent a useful 

addition to this toolkit. While animal studies have demonstrated modulation of attentional 

networks under social presence (e.g. Monfardini et al, 2015), the studies presented here offer the 

first demonstration that neural markers of attention (specifically P3b) are similarly modulated by 

social presence in humans.   

 

 

Figure 36: Graphical representation of the orthogonal additive effects of physical presence and evaluative potential 

 
While the question of social facilitation can seem somewhat abstract, and the methods of studying 

the phenomena of social facilitation and impairment can at times seem somewhat artificial, the 

ubiquity and relevance of the fundamental underlying processes to wider social psychology 

phenomena justifies the pursuit of developing a mechanistic understanding social facilitation and 

impairment. Given the increasing availability of neuroimaging methods which allow for more 

direct examinations of the proposed mediating processes (which may themselves lack a readily 

observable behavioural component) researchers are better equipped than ever before to address 

one of the most fundamental questions in social psychology.  

 

 



 
 

145

References 
 
 
Adair, J. G. (1984). The Hawthorne effect: a reconsideration of the methodological 
artifact. Journal of applied psychology, 69(2), 334. 
  
Aiello, J. R., & Douthitt, E. A. (2001). Social facilitation from Triplett to electronic performance 
monitoring. Group Dynamics: Theory, Research, and Practice, 5(3), 163-180. 
 
Allport, F. H. (1924) Social Psychology. New York: Houghton Mifflon. 
 
Alpert, R., & Haber, R. N. (1960). Anxiety in academic achievement situations. The Journal of 
abnormal and social psychology, 61(2), 207. 
 
Andrew, R.J. (1974) Arousal and the causation of behaviour. Behaviour, 51, 135-165. 
 
Apperly, I. A., & Butterfill, S. A. (2009). Do humans have two systems to track beliefs and belief-
like states?. Psychological review, 116(4), 953. 
 
Archer, J. (1976). The organization of aggression and fear in vertebrates. In Perspectives in 
ethology (pp. 231-298). Springer, Boston, MA. 
 
Arias-Carrión, O., Stamelou, M., Murillo-Rodríguez, E., Menéndez-González, M., & Pöppel, E. 
(2010). Dopaminergic reward system: a short integrative review. International archives of 
medicine, 3(1), 24. 
 
Asch, S. E. (1951). Effects of group pressure upon the modification and distortion of 
judgments. Organizational influence processes, 295-303. 
 
Awh, E., Vogel, E. K., & Oh, S. H. (2006). Interactions between attention and working 
memory. Neuroscience, 139(1), 201-208. 
 
Bacon, S. J. (1974). Arousal and the range of cue utilization. Journal of Experimental 
Psychology, 102(1), 81. 
 
Badre, D. (2008). Cognitive control, hierarchy, and the rostro–caudal organization of the frontal 
lobes. Trends in cognitive sciences, 12(5), 193-200. 
 
Badre, D., & Wagner, A. D. (2005). Frontal lobe mechanisms that resolve proactive 
interference. Cerebral Cortex, 15(12), 2003-2012. 
 
Badre, D., & Wagner, A. D. (2007). Left ventrolateral prefrontal cortex and the cognitive control 
of memory. Neuropsychologia, 45(13), 2883-2901. 
 
Baik, J. H. (2013). Dopamine signaling in reward-related behaviors. Frontiers in neural 
circuits, 7, 152. 
 
Banich, M. T. (2009). Executive function: The search for an integrated account. Current 
directions in psychological science, 18(2), 89-94. 
 
Barceló, F., Muñoz-Céspedes, J. M., Pozo, M. A., & Rubia, F. J. (2000). Attentional set shifting 
modulates the target P3b response in the Wisconsin card sorting test. Neuropsychologia, 38(10), 
1342-1355. 
 



 
 

146

Barch, D. M., Carter, C. S., Braver, T. S., Sabb, F. W., MacDonald, A., Noll, D. C., & Cohen, J. 
D. (2001). Selective deficits in prefrontal cortex function in medication-naive patients with 
schizophrenia. Archives of general psychiatry, 58(3), 280-288. 
 
Baron, R. S. (1986) Distraction-conflict theory: Progress and problems. Advances in experimental 
social psychology, 19, 1-40. 
 
Baron, R. S., Moore, D., & Sanders, G. S. (1978) Distraction as a source of drive in social 
facilitation research. Journal of Personality and Social Psychology, 36(8), 816. 
 
Bartholow, B. D., Pearson, M. A., Dickter, C. L., Sher, K. J., Fabiani, M., & Gratton, G. (2005). 
Strategic control and medial frontal negativity: Beyond errors and response 
conflict. Psychophysiology, 42(1), 33-42. 
 
Bateson, M., Callow, L., Holmes, J. R., Roche, M. L. R., & Nettle, D. (2013). Do images of 
‘watching eyes’ induce behaviour that is more pro-social or more normative? A field experiment 
on littering. PloS one, 8(12), e82055. 
 
Bateson, M., Nettle, D., & Roberts, G. (2006). Cues of being watched enhance cooperation in a 
real-world setting. Biology letters, 2(3), 412-414. 
 
Baykara, E., Ruf, C. A., Fioravanti, C., Käthner, I., Simon, N., Kleih, S. C., ... & Halder, S. 
(2016). Effects of training and motivation on auditory P300 brain–computer interface 
performance. Clinical Neurophysiology, 127(1), 379-387. 
 
Beckes, L., & Coan, J. A. (2011) Social baseline theory: The role of social proximity in emotion 
and economy of action. Social and Personality Psychology Compass, 5(12), 976-988. 
 
Beidel, D. C., Turner, S. M., & Dancu, C. V. (1985). Physiological, cognitive and behavioral 
aspects of social anxiety. Behaviour research and therapy, 23(2), 109-117. 
 
Beilock, S. L., & Carr, T. H. (2001). On the fragility of skilled performance: What governs 
choking under pressure?. Journal of experimental psychology: General, 130(4), 701. 
 
Bell, P. A., Loomis, R. J., & Cervone, J. C. (1982). Effects of heat, social facilitation, sex 
differences, and task difficulty on reaction time. Human Factors, 24(1), 19-24. 
 
Belletier, C., Normand, A., Camos, V., Barrouillet, P., & Huguet, P. (2019). Choking under 
experimenter’s presence: Impact on proactive control and practical consequences for 
psychological science. Cognition, 189, 60-64. 
 
Belletier, C., Normand, A., & Huguet, P. (2019). Social-facilitation-and-impairment effects: From 
motivation to cognition and the social brain. Current Directions in Psychological Science, 28(3), 
260-265. 
 
Berger, H. (1929). Über das elektroenkephalogramm des menschen. Archiv für psychiatrie und 
nervenkrankheiten, 87(1), 527-570. 
 
Bergum, B. O., & Lehr, D. J. (1963). Effects of authoritarianism on vigilance 
performance. Journal of Applied Psychology, 47(1), 75. 
 
Berkey, A. S., & Hoppe, R. A. (1972). The combined effect of audience and anxiety on paired-
associates learning. Psychonomic Science, 29(6), 351-353. 
 
Bitzer, S., Park, H., Blankenburg, F., & Kiebel, S. J. (2014). Perceptual decision making: drift-
diffusion model is equivalent to a Bayesian model. Frontiers in human neuroscience, 8, 102. 
 



 
 

147

Blackwell, K. A., & Munakata, Y. (2014). Costs and benefits linked to developments in cognitive 
control. Developmental science, 17(2), 203-211. 
 
Blank, T. O., Staff, I., & Shaver, P. (1976). Social facilitation of word associations: Further 
questions. Journal of Personality and Social Psychology, 34(4), 725. 
 
Blascovich, J., Ernst, J. M., Tomaka, J., Kelsey, R. M., Salomon, K. L., & Fazio, R. H. (1993). 
Attitude accessibility as a moderator of autonomic reactivity during decision making. Journal of 
Personality and Social Psychology, 64(2), 165. 
 
Blascovich, J., Mendes, W. B., Hunter, S. B., & Salomon, K. (1999) Social" facilitation" as 
challenge and threat. Journal of personality and social psychology, 77(1), 68. 
 
Blascovich, J., & Tomaka, J. (1996). The biopsychosocial model of arousal regulation. Advances 
in experimental social psychology, 28, 1-52. 
 
Blau, V. C., Maurer, U., Tottenham, N., & McCandliss, B. D. (2007). The face-specific N170 
component is modulated by emotional facial expression. Behavioral and brain functions, 3(1), 1. 
 
Böckler, A., Knoblich, G., & Sebanz, N. (2012). Effects of a coactor's focus of attention on task 
performance. Journal of Experimental Psychology: Human Perception and Performance, 38(6), 
1404. 
 
Bonanni, L., Franciotti, R., Onofrj, V., Anzellotti, F., Mancino, E., Monaco, D., ... & Onofrj, M. 
(2010). Revisiting P300 cognitive studies for dementia diagnosis: early dementia with Lewy 
bodies (DLB) and Alzheimer disease (AD). Neurophysiologie Clinique/Clinical 
Neurophysiology, 40(5-6), 255-265. 
 
Bond, C. F. (1982) Social facilitation: A self-presentational view. Journal of Personality and 
Social Psychology, 42(6), 1042-1050. 
 
Bond, C. F., & Titus, L. J. (1983) Social facilitation: a meta-analysis of 241 
studies. Psychological bulletin, 94(2), 265. 
 
Borden, R. J., Hendrick, C., & Walker, J. W. (1976) Affective, physiological, and attitudinal 
consequences of audience presence. Bulletin of the Psychonomic Society, 7(1), 33-36. 
 
Boutsen, L., Humphreys, G. W., Praamstra, P., & Warbrick, T. (2006). Comparing neural 
correlates of configural processing in faces and objects: an ERP study of the Thatcher 
illusion. Neuroimage, 32(1), 352-367. 
 
Braver, T. S. (2012). The variable nature of cognitive control: a dual mechanisms 
framework. Trends in cognitive sciences, 16(2), 106-113. 
 
Braver, T. S., Gray, J. R., & Burgess, G. C. (2007). Explaining the many varieties of working 
memory variation: Dual mechanisms of cognitive control. In A. J. C. Conway, M. J. Kane, A. 
Miyake, & J. Towse (Eds.), Variation in working memory. Oxford: Oxford University Press. 
, 75, 106. 
 
Braver, T. S., Paxton, J. L., Locke, H. S., & Barch, D. M. (2009). Flexible neural mechanisms of 
cognitive control within human prefrontal cortex. Proceedings of the National Academy of 
Sciences, 106(18), 7351-7356. 
 
Bressan, R. A., & Crippa, J. A. (2005). The role of dopamine in reward and pleasure behaviour–
review of data from preclinical research. Acta Psychiatrica Scandinavica, 111, 14-21. 
 
Broadbent, D. E. (1958). Perception and communication. Elmsford, NY, US. 



 
 

148

Brockner, J. (1979). Self-esteem, self-consciousness, and task performance: Replications, 
extensions, and possible explanations. Journal of Personality and Social Psychology, 37(3), 447. 
 
Brockner, J., & Hulton, A. B. (1978). How to reverse the vicious cycle of low self-esteem: The 
importance of attentional focus. Journal of Experimental Social Psychology, 14(6), 564-578. 
 
Brookhuis, K. A., Mulder, G., Mulder, L. J. M., Gloerich, A. B. M., Van Dellen, H. J., Van Der 
Meere, J. J., & Ellermann, H. (1981). Late positive components and stimulus evaluation 
time. Biological psychology, 13, 107-123. 
 
Brown, M. A., & Stopa, L. (2007). The spotlight effect and the illusion of transparency in social 
anxiety. Journal of anxiety disorders, 21(6), 804-819. 
 
Bruner, J. S., Goodnow, J. J., & Austin, G. A. (1956). A study of thinking John Wiley & 
Sons. Ine, New York. 
 
Bruning, J. L., Capage, J. E., Kozuh, G. F., Young, P. F., & Young, W. E. (1968). Socially 
induced drive and range of cue utilization. Journal of Personality and Social Psychology, 9(3), 
242. 
 
Burgess, G. C., & Braver, T. S. (2010). Neural mechanisms of interference control in working 
memory: effects of interference expectancy and fluid intelligence. PloS one, 5(9), e12861. 
 
Busey, T. A., & Vanderkolk, J. R. (2005). Behavioral and electrophysiological evidence for 
configural processing in fingerprint experts. Vision research, 45(4), 431-448. 
 
Bush, G., Luu, P., & Posner, M. I. (2000). Cognitive and emotional influences in anterior 
cingulate cortex. Trends in cognitive sciences, 4(6), 215-222. 
 
Cacioppo, J. T., & Petty, R. E. (1986) Social processes. Psychophysiology: Systems, processes, 
and applications, 646-679. 
 
Cano, M. E., Class, Q. A., & Polich, J. (2009). Affective valence, stimulus attributes, and P300: 
color vs. black/white and normal vs. scrambled images. International Journal of 
Psychophysiology, 71(1), 17-24. 
 
Carbon, C. C., Schweinberger, S. R., Kaufmann, J. M., & Leder, H. (2005). The Thatcher illusion 
seen by the brain: an event-related brain potentials study. Cognitive Brain Research, 24(3), 544-
555. 
 
Carrillo-De-La-Pena, M. T., & Cadaveira, F. (2000). The effect of motivational instructions on 
P300 amplitude. Neurophysiologie Clinique/Clinical Neurophysiology, 30(4), 232-239. 
 
Carver, C. S., & Scheier, M. F. (1978). Self-focusing effects of dispositional self-consciousness, 
mirror presence, and audience presence. Journal of Personality and Social Psychology, 36(3), 
324. 
 
Carver, C. S., & Scheier, M. F. (1981a) The self-attention-induced feedback loop and social 
facilitation. Journal of Experimental Social Psychology, 17(6), 545-568. 
 
Carver, C. S., & Scheier, M. F. (1981b) Attention and Self-Regulation: A control-theory approach 
to human behaviour. New York: Springer-Verlag. 
 
Chao, L. L., Nielsen-Bohlman, L., & Knight, R. T. (1995). Auditory event-related potentials 
dissociate early and late memory processes. Electroencephalography and Clinical 
Neurophysiology/Evoked Potentials Section, 96(2), 157-168. 
 



 
 

149

Chapman, A. J. (1974). An electromyographic study of social facilitation: A test of the ‘mere 
presence’hypothesis. British Journal of Psychology, 65(1), 123-128. 
 
Chiew, K. S., & Braver, T. S. (2013). Temporal dynamics of motivation-cognitive control 
interactions revealed by high-resolution pupillometry. Frontiers in psychology, 4, 15. 
 
Cicero, L. A. (1996) Robert Zajonc, Professor of Psychology [Photograph] Retrieved May 3, 
2018 from https://news.stanford.edu/news/2009/january7/zajobit-010709.html 
 
Cieslik, E. C., Mueller, V. I., Eickhoff, C. R., Langner, R., & Eickhoff, S. B. (2015). Three key 
regions for supervisory attentional control: evidence from neuroimaging meta-
analyses. Neuroscience & biobehavioral reviews, 48, 22-34. 
 
Claypoole, V. L., & Szalma, J. L. (2017). Examining social facilitation in vigilance: a hit and a 
miss. Ergonomics, 60(11), 1485-1499. 
 
Claypoole, V. L., & Szalma, J. L. (2018). Facilitating Sustained Attention: Is Mere Presence 
Sufficient?. American Journal of Psychology, 131(4), 417-428. 
 
Cohen, J. L. (1979). Social facilitation. Motivation and Emotion, 3(1), 19-33. 
 
Cohen, J. L., & Davis, J. H. (1973). Effects of audience status, evaluation, and time of action on 
performance with hidden-word problems. Journal of Personality and Social Psychology, 27(1), 
74. 
 
Colquhoun, W. P., & Corcoran, D. W. (1964). The effects of time of day and social isolation on 
the relationship between temperament and performance. British Journal of Social and Clinical 
Psychology, 3(3), 226-231. 
 
Conroy, M. A., & Polich, J. (2007). Affective valence and P300 when stimulus arousal level is 
controlled. Cognition and emotion, 21(4), 891-901. 
 
Corbetta, M., Kincade, J. M., Ollinger, J. M., McAvoy, M. P., & Shulman, G. L. (2000). 
Voluntary orienting is dissociated from target detection in human posterior parietal cortex. Nature 
neuroscience, 3(3), 292-297. 
 
Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven attention in 
the brain. Nature reviews neuroscience, 3(3), 201-215. 
 
Corkum, P. V., & Siegel, L. S. (1993). Is the continuous performance task a valuable research tool 
for use with children with attention‐deficit‐hyperactivity disorder?. Journal of Child Psychology 
and Psychiatry, 34(7), 1217-1239. 
 
Cousineau, D. (2005). Confidence intervals in within-subject designs: A simpler solution to 
Loftus and Masson’s method. Tutorials in quantitative methods for psychology, 1(1), 42-45. 
 
Cottrell, N. B., Rittle, R. H., & Wack, D. L. (1967). The presence of an audience and list type 
(competitional or noncompetitional) as joint determinants of performance in paired-associates 
learning. Journal of Personality. 
 
Cottrell, N. B., Wack, D. L., Sekerak, G. J., & Rittle, R. H. (1968) Social facilitation of dominant 
responses by the presence of an audience and the mere presence of others. Journal of personality 
and social psychology, 9(3), 245. 
 
Coull, J. T. (1998) Neural correlates of attention and arousal: insights from electrophysiology, 
functional neuroimaging and psychopharmacology. Progress in neurobiology, 55(4), 343-361. 
 



 
 

150

Coull, J. T., Frith, C. D., Frackowiak, R. S. J., & Grasby, P. M. (1996). A fronto-parietal network 
for rapid visual information processing: a PET study of sustained attention and working 
memory. Neuropsychologia, 34(11), 1085-1095. 
 
Czigler, I. (2007). Visual mismatch negativity: violation of nonattended environmental 
regularities. Journal of Psychophysiology, 21(3-4), 224-230. 
 
Davidoff, J., Fonteneau, E., & Fagot, J. (2008). Local and global processing: Observations from a 
remote culture. Cognition, 108(3), 702-709. 
 
DeCaro, M. S., Thomas, R. D., Albert, N. B., & Beilock, S. L. (2011). Choking under pressure: 
Multiple routes to skill failure. Journal of experimental psychology: general, 140(3), 390. 
 
De Jong, H. L., Kok, A., & van Rooy, J. C. (1988). Early and late selection in young and old 
adults: An event‐related potential study. Psychophysiology, 25(6), 657-671. 
 
Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of single-trial 
EEG dynamics including independent component analysis. Journal of neuroscience 
methods, 134(1), 9-21. 
 
Demolliens, M., Isbaine, F., Takerkart, S., Huguet, P., & Boussaoud, D. (2017). Social and asocial 
prefrontal cortex neurons: a new look at social facilitation and the social brain. Social cognitive 
and affective neuroscience, 12(8), 1241-1248. 
 
De Pisapia, N., & Braver, T. S. (2006). A model of dual control mechanisms through anterior 
cingulate and prefrontal cortex interactions. Neurocomputing, 69(10-12), 1322-1326. 
 
Desimone, R., Miller, E. K., & Chelazzi, L. (1994). The interaction of neural systems for attention 
and memory. Large-scale neuronal theories of the brain, 75-91. 
 
De Souza, W. C., Eifuku, S., Tamura, R., Nishijo, H., & Ono, T. (2005). Differential 
characteristics of face neuron responses within the anterior superior temporal sulcus of 
macaques. Journal of neurophysiology, 94(2), 1252-1266. 
 
Desportes, J. P., & Lemaine, G. (1969). L'effet de la présence d'un spectateur: Êlévation du niveau 
de tension générale ou implication. Psychologie Francaise, 14, 173-183. 
 
Deutsch, J. A., & Deutsch, D. (1963). Attention: Some theoretical considerations. Psychological 
review, 70(1), 80 
 
Di Chiara, G. (1999). Drug addiction as dopamine-dependent associative learning 
disorder. European journal of pharmacology, 375(1-3), 13-30. 
 
Diener, E., & Wallbom, M. (1976). Effects of self-awareness on antinormative behavior. Journal 
of Research in Personality, 10(1), 107-111. 
 
Di Russo, F., Martínez, A., & Hillyard, S. A. (2003). Source analysis of event-related cortical 
activity during visuo-spatial attention. Cerebral cortex, 13(5), 486-499. 
 
Dixon, R. A., Garrett, D. D., Lentz, T. L., MacDonald, S. W., Strauss, E., & Hultsch, D. F. 
(2007). Neurocognitive markers of cognitive impairment: exploring the roles of speed and 
inconsistency. Neuropsychology, 21(3), 381. 
 
Donchin, E. (1979). Event-related brain potentials: A tool in the study of human information 
processing. In Evoked brain potentials and behavior (pp. 13-88). Springer, Boston, MA. 
 
Donchin, E. (1981). Surprise!… surprise?. Psychophysiology, 18(5), 493-513. 



 
 

151

 
Donchin, E. (1986). Application of brain event-related potentials to problems in engineering 
psychology. Psychophysiology: Systems, processes, and applications. 
 
Donchin, E., & Coles, M. G. (1988). Is the P300 component a manifestation of context 
updating?. Behavioral and brain sciences, 11(3), 357-374. 
 
Dreisbach, G., & Böttcher, S. (2011). How the social-evaluative context modulates processes of 
cognitive control. Psychological research, 75(2), 143-151. 
 
Dunbar, R. I., & Shultz, S. (2007). Evolution in the social brain. science, 317(5843), 1344-1347. 
 
Duncan, J., Emslie, H., Williams, P., Johnson, R., & Freer, C. (1996). Intelligence and the frontal 
lobe: The organization of goal-directed behavior. Cognitive psychology, 30(3), 257-303. 
 
Dykiert, D., Der, G., Starr, J. M., & Deary, I. J. (2012). Age differences in intra-individual 
variability in simple and choice reaction time: systematic review and meta-analysis. PloS 
one, 7(10). 
 
Eilam, D., Izhar, R., & Mort, J. (2011). Threat detection: Behavioral practices in animals and 
humans. Neuroscience & Biobehavioral Reviews, 35(4), 999-1006. 
 
Eliason, M. J., & Richman, L. C. (1987). The continuous performance test in learning disabled 
and nondisabled children. Journal of Learning Disabilities, 20(10), 614-619. 
 
Ellsworth, P. C., & Langer, E. J. (1976). Staring and approach: An interpretation of the stare as a 
nonspecific activator. Journal of Personality and Social Psychology, 33(1), 117. 
 
Endrass, T., Schuermann, B., Kaufmann, C., Spielberg, R., Kniesche, R., & Kathmann, N. (2010). 
Performance monitoring and error significance in patients with obsessive-compulsive 
disorder. Biological psychology, 84(2), 257-263. 
 
Engle, R. W., & Kane, M. J. (2004). Executive attention, working memory capacity, and a two-
factor theory of cognitive control. Psychology of learning and motivation, 44, 145-200. 
 
Eriksen, B. A., & Eriksen, C. W. (1974). Effects of noise letters upon the identification of a target 
letter in a nonsearch task. Perception & psychophysics, 16(1), 143-149. 
 
Ernest-Jones, M., Nettle, D., & Bateson, M. (2011). Effects of eye images on everyday 
cooperative behavior: a field experiment. Evolution and Human Behavior, 32(3), 172-178. 
 
Eysenck, M. W., & Calvo, M. G. (1992). Anxiety and performance: The processing efficiency 
theory. Cognition & Emotion, 6(6), 409-434. 
 
Eysenck, S. B., Eysenck, H. J., & Barrett, P. (1985). A revised version of the psychoticism 
scale. Personality and individual differences, 6(1), 21-29. 
 
Fabiani, M., Karis, D., & Donchin, E. (1986). P300 and recall in an incidental memory 
paradigm. Psychophysiology, 23(3), 298-308. 
 
Fales, C. L., Barch, D. M., Burgess, G. C., Schaefer, A., Mennin, D. S., Gray, J. R., & Braver, T. 
S. (2008). Anxiety and cognitive efficiency: differential modulation of transient and sustained 
neural activity during a working memory task. Cognitive, affective, & behavioral 
neuroscience, 8(3), 239-253. 
 
Falkenstein, M., Hoormann, J., & Hohnsbein, J. (1999). ERP components in Go/Nogo tasks and 
their relation to inhibition. Acta psychologica, 101(2-3), 267-291. 



 
 

152

 
Fan, J., Gu, X., Guise, K. G., Liu, X., Fossella, J., Wang, H., & Posner, M. I. (2009). Testing the 
behavioral interaction and integration of attentional networks. Brain and cognition, 70(2), 209-
220. 
 
Fan, J., McCandliss, B. D., Fossella, J., Flombaum, J. I., & Posner, M. I. (2005). The activation of 
attentional networks. Neuroimage, 26(2), 471-479. 
 
Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. (2002). Testing the efficiency 
and independence of attentional networks. Journal of cognitive neuroscience, 14(3), 340-347. 
 
Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical 
power analysis program for the social, behavioral, and biomedical sciences. Behavior Research 
Methods, 39, 175-191. 
 
Feinberg, J. M., & Aiello, J. R. (2006) Social facilitation: A test of competing theories. Journal of 
applied social psychology, 36(5), 1087-1109. 
 
Ferris, G. R., Beehr, T. A., & Gilmore, D. C. (1978). Social facilitation: A review and alternative 
conceptual model. Academy of Management Review, 3(2), 338-347. 
 
Finger, E. C., Marsh, A. A., Kamel, N., Mitchell, D. G., & Blair, J. R. (2006). Caught in the act: 
The impact of audience on the neural response to morally and socially inappropriate 
behavior. NeuroImage, 33(1), 414-421. 
 
Folstein, J. R., & Van Petten, C. (2008). Influence of cognitive control and mismatch on the N2 
component of the ERP: a review. Psychophysiology, 45(1), 152-170. 
 
Francey, D., & Bergmüller, R. (2012). Images of eyes enhance investments in a real-life public 
good. PLoS One, 7(5), e37397. 
 
Frank, L. H., & Meyer, M. E. (1970). Food imprinting in domestic chicks as a function of social 
contact and number of companions. Psychonomic Science, 19(5), 293-295. 
 
Frank, L. H., & Meyer, M. E. (1974). Social facilitation in the chick: Evidence for facilitation of 
learning. Bulletin of the Psychonomic Society. 
 
Fraser, D. C. (1953). The relation of an environmental variable to performance in a prolonged 
visual task. Quarterly Journal of Experimental Psychology, 5(1), 31-32. 
 
Friesen, C. K., & Kingstone, A. (1998). The eyes have it! Reflexive orienting is triggered by 
nonpredictive gaze. Psychonomic bulletin & review, 5(3), 490-495. 
 
Friesen, N. (2010). Mind and machine: ethical and epistemological implications for research. AI 
& society, 25(1), 83-92. 
 
Frink, D. D., & Ferris, G. R. (1998). Accountability, impression management, and goal setting in 
the performance evaluation process. Human relations, 51(10), 1259-1283. 
 
Frith, C. D., & Frith, U. (1999). Interacting minds--a biological basis. Science, 286(5445), 1692-
1695. 
 
Frith, C. D., & Frith, U. (2006). The neural basis of mentalizing. Neuron, 50(4), 531-534. 
 
Frith, C. D. (2007). The social brain?. Philosophical Transactions of the Royal Society B: 
Biological Sciences, 362(1480), 671-678. 
 



 
 

153

Fröber, K., & Dreisbach, G. (2016). How performance (non-) contingent reward modulates 
cognitive control. Acta Psychologica, 168, 65-77. 
 
Funke, G. J., Warm, J. S., Baldwin, C. L., Garcia, A., Funke, M. E., Dillard, M. B., ... & Greenlee, 
E. T. (2016). The independence and interdependence of coacting observers in regard to 
performance efficiency, workload, and stress in a vigilance task. Human factors, 58(6), 915-926. 
 
Gale, A., Kingsley, E., Brookes, S., & Smith, D. (1978) Cortical arousal and social intimacy in the 
human female under different conditions of eye contact. Behavioural Processes, 3(3), 271-275. 
 
Gale, A., Lucas, B., Nissim, R., & Harpham, B. (1972) Some EEG correlates of face‐to‐face 
contact. British Journal of Clinical Psychology, 11(4), 326-332. 
 
Gale, A., Spratt, G., Chapman, A. J., & Smallbone, A. (1975) EEG correlates of eye contact and 
interpersonal distance. Biological psychology, 3(4), 237-245. 
 
Gardner, E. L., & Engel, D. R. (1971). Imitational and social facilitatory aspects of observational 
learning in the laboratory rat. Psychonomic Science, 25(1), 5-6. 
 
Gardner, W. L., Pickett, C. L., Jefferis, V., & Knowles, M. (2005). On the outside looking in: 
Loneliness and social monitoring. Personality and Social Psychology Bulletin, 31(11), 1549-
1560. 
 
Gazzaley, A., & Nobre, A. C. (2012). Top-down modulation: bridging selective attention and 
working memory. Trends in cognitive sciences, 16(2), 129-135. 
 
Geen, R. G. (1973). Effects of being observed on short-and long-term recall. Journal of 
Experimental Psychology, 100(2), 395. 
 
Geen, R. G. (1976) Test anxiety, observation, and range of cue utilization. British Journal of 
Clinical Psychology, 15(3), 253-259. 
 
Geen, R. G. (1979) Effects of being observed on learning following success and failure 
experiences. Motivation and Emotion, 3(4), 355-371. 
 
Geen, R. G., & Bushman, B. J. (1989). The arousing effects of social presence. Handbook of 
social psychophysiology, 261-281. 
 
Geen, R. G., & Gange, J. J. (1977) Drive theory of social facilitation: Twelve years of theory and 
research. Psychological Bulletin, 84(6), 1267-1288. 
 
Gehring, W. J., Himle, J., & Nisenson, L. G. (2000). Action-monitoring dysfunction in obsessive-
compulsive disorder. Psychological science, 11(1), 1-6. 
 
Geller, V., & Shaver, P. (1976). Cognitive consequences of self-awareness. Journal of 
experimental social psychology, 12(1), 99-108. 
 
Glass, G. V., Peckham, P. D., & Sanders, J. R. (1972). Consequences of failure to meet 
assumptions underlying the fixed effects analyses of variance and covariance. Review of 
educational research, 42(3), 237-288. 
 
Gomer, F. E., Spicuzza, R. J., & O’Donnell, R. D. (1976). Evoked potential correlates of visual 
item recognition during memory-scanning tasks. Physiological Psychology, 4(1), 61-65. 
 
Gonthier, C., Macnamara, B. N., Chow, M., Conway, A. R., & Braver, T. S. (2016). Inducing 
proactive control shifts in the AX-CPT. Frontiers in psychology, 7, 1822. 
 



 
 

154

Gonzalez, C. M. G., Clark, V. P., Fan, S., Luck, S. J., & Hillyard, S. A. (1994). Sources of 
attention-sensitive visual event-related potentials. Brain topography, 7(1), 41-51. 
 
Grandjean, J., D’Ostilio, K., Phillips, C., Balteau, E., Degueldre, C., Luxen, A., ... & Collette, F. 
(2012). Modulation of brain activity during a Stroop inhibitory task by the kind of cognitive 
control required. PloS one, 7(7). 
 
Grant, T., & Dajee, K. (2003). Types of task, types of audience, types of actor: interactions 
between mere presence and personality type in a simple mathematical task. Personality and 
individual differences, 35(3), 633-639. 
 
Gray, J. R., Burgess, G. C., Schaefer, A., Yarkoni, T., Larsen, R. J., & Braver, T. S. (2005). 
Affective personality differences in neural processing efficiency confirmed using 
fMRI. Cognitive, Affective, & Behavioral Neuroscience, 5(2), 182-190. 
 
Graydon, J., & Murphy, T. (1995). The effect of personality on social facilitation whilst 
performing a sports related task. Personality and Individual Differences, 19(2), 265-267. 
 
Griffin, M. (2001). The phenomenology of the alone condition: More evidence for the role of 
aloneness in social facilitation. The Journal of psychology, 135(1), 125. 
 
Griffin, M., & Kent, M. V. (1998). The role of aloneness in social facilitation. The Journal of 
social psychology, 138(5), 667-669. 
 
Groff, B. D., Baron, R. S., & Moore, D. L. (1983). Distraction, attentional conflict, and drivelike 
behavior. Journal of Experimental Social Psychology, 19(4), 359-380. 
 
Guerin, B. (1983). Social facilitation and social monitoring: A test of three models. British 
Journal of Social Psychology, 22(3), 203-214. 
 
Guerin, B. (1986) Mere presence effects in humans: A review. Journal of experimental social 
psychology, 22(1), 38-77. 
 
Guerin, B. (1993) Social facilitation. Cambridge, UK: Cambridge University Press 
 
Guerin, B., & Innes, J. M. (1982). Social facilitation and social monitoring: A new look at 
Zajonc's mere presence hypothesis. British Journal of Social Psychology, 21(1), 7-18. 
 
Guerin, B., & Innes, J. M. (1984) Explanations of social facilitation: A review. Current 
Psychology, 3(2), 32-52. 
 
Hajcak, G., McDonald, N., & Simons, R. F. (2003). Anxiety and error-related brain 
activity. Biological psychology, 64(1-2), 77-90. 
 
Hajcak, G., & Simons, R. F. (2002). Error-related brain activity in obsessive–compulsive 
undergraduates. Psychiatry research, 110(1), 63-72. 
 
Hamilton, A. F. D. C., & Lind, F. (2016). Audience effects: what can they tell us about social 
neuroscience, theory of mind and autism?. Culture and Brain, 4(2), 159-177. 
 
Hanks, T. D., & Summerfield, C. (2017). Perceptual decision making in rodents, monkeys, and 
humans. Neuron, 93(1), 15-31. 
 
Hansen, J. C., & Hillyard, S. A. (1980). Endogeneous brain potentials associated with selective 
auditory attention. Electroencephalography and clinical neurophysiology, 49(3-4), 277-290. 
 



 
 

155

Harkins, S. G. (2006) Mere effort as the mediator of the evaluation-performance relationship. 
Journal of personality and social psychology, 91(3), 436-455. 
 
Hartley, L. R., & Adams, R. G. (1974) Effect of noise on the Stroop Test. Journal of experimental 
psychology, 102(1), 62. 
 
Heekeren, H. R., Marrett, S., & Ungerleider, L. G. (2008). The neural systems that mediate 
human perceptual decision making. Nature reviews neuroscience, 9(6), 467-479. 
 
Hefer, C., & Dreisbach, G. (2016). The motivational modulation of proactive control in a 
modified version of the AX-continuous performance task: Evidence from cue-based and prime-
based preparation. Motivation Science, 2(2), 116. 
 
Helminen, T. M., Pasanen, T. P., & Hietanen, J. K. (2016). Learning under your gaze: the 
mediating role of affective arousal between perceived direct gaze and memory 
performance. Psychological research, 80(2), 159-171. 
 
Henchy, T., & Glass, D. C. (1968) Evaluation apprehension and the social facilitation of dominant 
and subordinate responses. Journal of personality and social psychology, 10(4), 446. 
 
Herrmann, M. J., Weijers, H. G., Wiesbeck, G. A., Böning, J., & Fallgatter, A. J. (2001). Alcohol 
cue-reactivity in heavy and light social drinkers as revealed by event-related potentials. Alcohol 
and Alcoholism, 36(6), 588-593. 
 
Heylen, A. G. (1978). Social facilitation. Unpublished Honours thesis, Department of Psychology, 
University of Adelaide.  
 
Hillyard, S. A., Hink, R. F., Schwent, V. L., & Picton, T. W. (1973). Electrical signs of selective 
attention in the human brain. Science, 182(4108), 177-180. 
 
Ho, T. C., Brown, S., Abuyo, N. A., Ku, E. H. J., & Serences, J. T. (2012). Perceptual 
consequences of feature-based attentional enhancement and suppression. Journal of vision, 12(8), 
15-15. 
 
Hoffman, J. E., Simons, R. F., & Houck, M. R. (1983). Event‐related potentials during controlled 
and automatic target detection. Psychophysiology, 20(6), 625-632. 
 
Hofmann, W., Schmeichel, B. J., & Baddeley, A. D. (2012). Executive functions and self-
regulation. Trends in cognitive sciences, 16(3), 174-180. 
 
Hommel, B., Ridderinkhof, R. K., & Theeuwes, J. (2002). Cognitive control of attention and 
action: Issues and trends. Psychological research, 66(4), 215. 
 
Houston, B. K. (1969) Noise, task difficulty, and Stroop color-word performance. Journal of 
Experimental Psychology, 82(2), 403. 
 
Huguet, P., Galvaing, M. P., Monteil, J. M., & Dumas, F. (1999) Social presence effects in the 
Stroop task: further evidence for an attentional view of social facilitation. Journal of personality 
and social psychology, 77(5), 1011-1025. 
 
Humphreys, M. S., & Revelle, W. (1984). Personality, motivation, and performance: a theory of 
the relationship between individual differences and information processing. Psychological 
review, 91(2), 153. 
 
Hunt, P. J., & Hillery, J. M. (1973). Social facilitation in a coaction setting: An examination of the 
effects over learning trials. Journal of Experimental Social Psychology, 9(6), 563-571. 
 



 
 

156

Irlbacher, K., Kraft, A., Kehrer, S., & Brandt, S. A. (2014). Mechanisms and neuronal networks 
involved in reactive and proactive cognitive control of interference in working 
memory. Neuroscience & Biobehavioral Reviews, 46, 58-70. 
 
Ishigami, Y., & Klein, R. M. (2010). Repeated measurement of the components of attention using 
two versions of the Attention Network Test (ANT): Stability, isolability, robustness, and 
reliability. Journal of neuroscience methods, 190(1), 117-128. 
 
Isreal, J. B., Chesney, G. L., Wickens, C. D., & Donchin, E. (1980). P300 and tracking difficulty: 
Evidence for multiple resources in dual‐task performance. Psychophysiology, 17(3), 259-273. 
 
Israel, J., Wickens, C. D., Chesney, G., & Donchin, E. (1980). The event related brain potential as 
a selective index of display monitoring load. Human Factors, 22, 280-294. 
 
Itier, R. J., & Taylor, M. J. (2004). N170 or N1? Spatiotemporal differences between object and 
face processing using ERPs. Cerebral cortex, 14(2), 132-142. 
 
Izuma, K., Saito, D. N., & Sadato, N. (2010). Processing of the incentive for social approval in the 
ventral striatum during charitable donation. Journal of cognitive neuroscience, 22(4), 621-631. 
 
Jimura, K., Yamashita, K. I., Chikazoe, J., Hirose, S., Miyashita, Y., & Konishi, S. (2009). A 
critical component that activates the left inferior prefrontal cortex during interference 
resolution. European Journal of Neuroscience, 29(9), 1915-1920. 
 
Johannes, S., Münte, T. F., Heinze, H. J., & Mangun, G. R. (1995). Luminance and spatial 
attention effects on early visual processing. Cognitive Brain Research, 2(3), 189-205. 
 
Johannes, S., Wieringa, B. M., Nager, W., Rada, D., Dengler, R., Emrich, H. M., ... & Dietrich, D. 
E. (2001). Discrepant target detection and action monitoring in obsessive–compulsive 
disorder. Psychiatry Research: Neuroimaging, 108(2), 101-110. 
 
Jones, S. R. (1992). Was there a Hawthorne effect?. American Journal of sociology, 98(3), 451-
468. 
 
Jonides, J. (1981). Voluntary versus automatic control over the mind’s eye’s movement. In J. B. 
Long & A. D. Baddeley (Eds.), Attention and performance IX (pp. 187–203). Hillsdale, NJ: 
Erlbaum.  
 
Jonides, J., & Nee, D. E. (2006). Brain mechanisms of proactive interference in working 
memory. Neuroscience, 139(1), 181-193. 
 
Kane, N. M., Butler, S. R., & Simpson, T. (2000). Coma outcome prediction using event-related 
potentials: P3 and mismatch negativity. Audiology and Neurotology, 5(3-4), 186-191. 
 
Kane, M. J., & Engle, R. W. (2002). The role of prefrontal cortex in working-memory capacity, 
executive attention, and general fluid intelligence: An individual-differences 
perspective. Psychonomic bulletin & review, 9(4), 637-671. 
 
Kappenman, E. S., & Luck, S. J. (2011). ERP components: The Ups and Downs of Brainwave 
Recordings. In Luck, S. J., & Kappenman, E. S. (Eds.). (2011). The Oxford handbook of event-
related potential components. Oxford University Press. 
 
Karis, D., Fabiani, M., & Donchin, E. (1984). “P300” and memory: Individual differences in the 
von Restorff effect. Cognitive Psychology, 16(2), 177-216. 
 



 
 

157

Karremans, J. C., Verwijmeren, T., Pronk, T. M., & Reitsma, M. (2009). Interacting with women 
can impair men’s cognitive functioning. Journal of Experimental Social Psychology, 45, 1041-
1044. 
 
Käthner, I., Ruf, C. A., Pasqualotto, E., Braun, C., Birbaumer, N., & Halder, S. (2013). A portable 
auditory P300 brain–computer interface with directional cues. Clinical neurophysiology, 124(2), 
327-338. 
 
Kelly, S. P., & O'Connell, R. G. (2013). Internal and external influences on the rate of sensory 
evidence accumulation in the human brain. Journal of Neuroscience, 33(50), 19434-19441. 
 
Kiefer, M., & Brendel, D. (2006). Attentional modulation of unconscious “automatic” processes: 
Evidence from event-related potentials in a masked priming paradigm. Journal of cognitive 
neuroscience, 18(2), 184-198. 
 
Klauer, K. C., Herfordt, J., & Voss, A. (2008) Social presence effects on the Stroop task: 
Boundary conditions and an alternative account. Journal of Experimental Social Psychology, 
44(2), 469-476. 
 
Klee, S. H., & Garfinkel, B. D. (1983). The computerized continuous performance task: A new 
measure of inattention. Journal of abnormal child psychology, 11(4), 487-495. 
 
Kleih, S. C., & Kübler, A. (2013). Empathy, motivation, and P300 BCI performance. Frontiers in 
human neuroscience, 7, 642. 
 
Kleih, S. C., Nijboer, F., Halder, S., & Kübler, A. (2010). Motivation modulates the P300 
amplitude during brain–computer interface use. Clinical Neurophysiology, 121(7), 1023-1031. 
 
Kleinke, C. L., & Pohlen, P. D. (1971). Affective and emotional responses as a function of other 
person's gaze and cooperativeness in a two-person game. Journal of Personality and Social 
Psychology, 17(3), 308. 
 
Kojouharova, P., File, D., Sulykos, I., & Czigler, I. (2019). Visual mismatch negativity and 
stimulus-specific adaptation: the role of stimulus complexity. Experimental brain 
research, 237(5), 1179-1194. 
 
Kok, A. (1986). Effects of degradation of visual stimuli on components of the event-related 
potential (ERP) in go/nogo reaction tasks. Biological psychology, 23(1), 21-38. 
 
Kok, A. (2001). On the utility of P3 amplitude as a measure of processing capacity. 
Psychophysiology, 38(3), 557-577. 
 
Kok, A., & De Jong, H. L. (1980). Components of the event-related potential following degraded 
and undegraded visual stimuli. Biological Psychology, 11(2), 117-133. 
 
Kok, A., Van De Vijver, F. R., & Rooijakkers, J. A. J. (1985). Effects of Visual Field, Stimulus 
Degradation, and Level of Practice on Event‐Related Potentials of the 
Brain. Psychophysiology, 22(6), 707-717. 
 
Kolassa, I. T., Kolassa, S., Musial, F., & Miltner, W. H. (2007). Event-related potentials to 
schematic faces in social phobia. Cognition and Emotion, 21(8), 1721-1744. 
 
Kompier, M. A. (2006). The" Hawthorne effect" is a myth, but what keeps the story 
going?. Scandinavian journal of work, environment & health, 402-412. 
 
Kotchoubey, B. I., Jordan, J. S., Grözinger, B., Westphal, K. P., & Kornhuber, H. H. (1996). 
Event‐related brain potentials in a varied‐set memory search task: A reconsideration. 



 
 

158

Psychophysiology, 33(5), 530-540. 
 
Kramer, A., Schneider, W., Fisk, A., & Donchin, E. (1986). The effects of practice and task 
structure on components of the event‐related brain potential. Psychophysiology, 23(1), 33-47. 

Kramer, A., & Spinks, J. (1991). Capacity views of human information processing. In J. R. 
Jennings & M. G. H. Coles (Eds.), Handbook of cognitive psychophysiology: Central and 
autonomic nervous system approaches pp. 179–242. New York: John Wiley and Sons, Ltd.  

Kramer, A. F., Wickens, C. D., & Donchin, E. (1985). Processing of stimulus properties: evidence 
for dual-task integrality. Journal of Experimental Psychology: Human Perception and 
Performance, 11(4), 393. 
 
Kremláček, J., Kreegipuu, K., Tales, A., Astikainen, P., Poldver, N., Näätänen, R., & Stefanics, 
G. (2016). Visual mismatch negativity (vMMN): A review and meta-analysis of studies in 
psychiatric and neurological disorders. Cortex, 80, 76-112. 
 
Krug, M. K., & Carter, C. S. (2010). Adding fear to conflict: a general purpose cognitive control 
network is modulated by trait anxiety. Cognitive, Affective, & Behavioral Neuroscience, 10(3), 
357-371. 
 
Krug, M. K., & Carter, C. S. (2012). Proactive and reactive control during emotional interference 
and its relationship to trait anxiety. Brain research, 1481, 13-36. 
 
Langton, S. R., & Bruce, V. (1999). Reflexive visual orienting in response to the social attention 
of others. Visual cognition, 6(5), 541-567. 
 
Laughlin, P. R., Chenoweth, R. E., Farrell, B. B., & McGrath, J. E. (1972). Concept attainment as 
a function of motivation and task complexity. Journal of Experimental Psychology, 96(1), 54. 
 
Laughlin, P. R., & Wong-McCarthy, W. J. (1975). Social inhibition as a function of observation 
and recording of performance. Journal of Experimental Social Psychology, 11(6), 560-571. 
 
Lavie, N. (2010). Attention, distraction, and cognitive control under load. Current directions in 
psychological science, 19(3), 143-148. 
 
Leary, M. R. (1983). A brief version of the Fear of Negative Evaluation Scale. Personality and 
Social Psychology Bulletin, 9(3), 371-375. 
 
Lee, E. B., & Markus, L. (1967). Foundations of optimal control theory. Minnesota University, 
Minneapolis Center For Control Sciences. 
 
Lerche, V., & Voss, A. (2016). Model complexity in diffusion modeling: Benefits of making the 
model more parsimonious. Frontiers in psychology, 7, 1324. 
 
Lesh, T. A., Westphal, A. J., Niendam, T. A., Yoon, J. H., Minzenberg, M. J., Ragland, J. D., ... & 
Carter, C. S. (2013). Proactive and reactive cognitive control and dorsolateral prefrontal cortex 
dysfunction in first episode schizophrenia. NeuroImage: Clinical, 2, 590-599. 
 
Levin, H., Baldwin, A. L., Gallwey, M., & Paivio, A. (1960). Audience stress, personality, and 
speech. The Journal of Abnormal and Social Psychology, 61(3), 469. 
 
Levine, J. M., & Zentall, T. R. (1974). Effect of a conspecific’s presence on deprived rats’ 
performance: social facilitation vs distraction/imitation. Animal Learning & Behavior, 2(2), 119-
122. 
 



 
 

159

Levitt, S. D., & List, J. A. (2011). Was there really a Hawthorne effect at the Hawthorne plant? 
An analysis of the original illumination experiments. American Economic Journal: Applied 
Economics, 3(1), 224-38. 
 
Lieberman, M. D. (2000). Introversion and working memory: Central executive 
differences. Personality and Individual Differences, 28(3), 479-486. 
 
Lieberman, M. D., & Rosenthal, R. (2001). Why introverts can't always tell who likes them: 
Multitasking and nonverbal decoding. Journal of personality and social psychology, 80(2), 294. 
 
Liu, N., & Yu, R. (2017) Determining effects of virtually and physically present co‐actor in 
evoking social facilitation. Human Factors and Ergonomics in Manufacturing & Service 
Industries. 
 
Locke, H. S., & Braver, T. S. (2008). Motivational influences on cognitive control: behavior, 
brain activation, and individual differences. Cognitive, Affective, & Behavioral 
Neuroscience, 8(1), 99-112. 
 
Loftus, E. F., Loftus, G. R., & Messo, J. (1987). Some facts about" weapon focus.". Law and 
Human Behavior, 11(1), 55. 
 
Loftus, G. R., & Masson, M. E. (1994). Using confidence intervals in within-subject 
designs. Psychonomic bulletin & review, 1(4), 476-490. 
 
Logan, G. D., Zbrodoff, N. J., & Williamson, J. (1984). Strategies in the color-word Stroop 
task. Bulletin of the Psychonomic Society, 22(2), 135-138. 
 
Lopez-Calderon, J., & Luck, S. J. (2014). ERPLAB: an open-source toolbox for the analysis of 
event-related potentials. Frontiers in human neuroscience, 8, 213. 
 
Lorist, M. M., Snel, J., & Kok, A. (1994). Influence of caffeine on information processing stages 
in well rested and fatigued subjects. Psychopharmacology, 113(3-4), 411-421. 
 
Lorist, M. M., Snel, J., Kok, A., & Mulder, G. (1996). Acute effects of caffeine on selective 
attention and visual search processes. Psychophysiology, 33(4), 354-361. 
 
Loughnane, G. M., Newman, D. P., Bellgrove, M. A., Lalor, E. C., Kelly, S. P., & O’Connell, R. 
G. (2016). Target selection signals influence perceptual decisions by modulating the onset and 
rate of evidence accumulation. Current Biology, 26(4), 496-502. 
 
Luck, S. J. (2014). An introduction to the event-related potential technique. MIT press. 
 
Luck, S. J., & Kappenman, E. S.. (2011). ERP Components and Selective Attention. In Luck, S. 
J., & Kappenman, E. S. (Eds.). (2011). The Oxford handbook of event-related potential 
components. Oxford University Press. 
 
MacDonald, A. W., Cohen, J. D., Stenger, V. A., & Carter, C. S. (2000). Dissociating the role of 
the dorsolateral prefrontal and anterior cingulate cortex in cognitive control. Science, 288(5472), 
1835-1838. 
 
Mackworth, N. H. (1948). The breakdown of vigilance during prolonged visual search. Quarterly 
Journal of Experimental Psychology, 1(1), 6-21. 
 
Mairon, N., Nahum, M., Stolk, A., Knight, R. T., & Perry, A. (2020). Behavioral and eeG 
Measures Show no Amplifying Effects of Shared Attention on Attention or Memory. Scientific 
Reports, 10(1), 1-11. 
 



 
 

160

Male, A. G., O’Shea, R. P., Schröger, E., Müller, D., Roeber, U., & Widmann, A. (2020). The 
quest for the genuine visual mismatch negativity (vMMN): Event‐related potential indications of 
deviance detection for low‐level visual features. Psychophysiology, 57(6), e13576. 
 
Mangun, G. R. (1995). Neural mechanisms of visual selective attention. Psychophysiology, 32(1), 
4-18. 
 
Mangun, G. R., & Hillyard, S. A. (1990). Allocation of visual attention to spatial locations: 
tradeoff functions for event-related brain potentials and detection performance. Perception & 
Psychophysics, 47(6), 532-550. 
 
Mangun, G. R., & Hillyard, S. A. (1991). Modulations of sensory-evoked brain potentials indicate 
changes in perceptual processing during visual-spatial priming. Journal of Experimental 
Psychology: Human perception and performance, 17(4), 1057. 
 
Mangun, G. R., Hillyard, S. A., & Luck, S. J. (1993). IQ electrocortical substrates of visual 
selective attention. In Meyer, D. E., & Kornblum, S. (Eds.). Attention and performance XIV: 
Synergies in experimental psychology, artificial intelligence, and cognitive neuroscience, 14, 219. 
MIT Press. 
 
Manstead, A. S. R., & Semin, G. R. (1980) Social facilitation effects: Mere enhancement of 
dominant responses?. British Journal of Clinical Psychology, 19(2), 119-135. 
 
Maris, E., & Oostenveld, R. (2007). Nonparametric statistical testing of EEG-and MEG-
data. Journal of neuroscience methods, 164(1), 177-190. 
 
Markus, H. (1978). The effect of mere presence on social facilitation: An unobtrusive 
test. Journal of Experimental Social Psychology, 14(4), 389-397. 
 
Marler, P. (1976). On animal aggression: The roles of strangeness and familiarity. American 
Psychologist, 31(3), 239. 
 
Marrocco, R. T., Witte, E. A., & Davidson, M. C. (1994). Arousal systems. Current opinion in 
neurobiology, 4(2), 166-170. 
 
Martens, R. (1969a). Effect of an audience on learning and performance of a complex motor 
skill. Journal of personality and social psychology, 12(3), 252. 
 
Martens, R. (1969b). Palmar sweating and the presence of an audience. Journal of Experimental 
Social Psychology, 5(3), 371-374. 
 
Martinez, A., Anllo-Vento, L., Sereno, M. I., Frank, L. R., Buxton, R. B., Dubowitz, D. J., ... & 
Hillyard, S. A. (1999). Involvement of striate and extrastriate visual cortical areas in spatial 
attention. Nature neuroscience, 2(4), 364. 
 
Matlin, M. W., & Zajonc, R. B. (1968). Social facilitation of word associations. Journal of 
Personality and Social Psychology, 10(4), 455. 
 
Mayer, A. (1904) Einzel-und gesamtleistung des schulkindes [Individual and general performance 
in the school child]. Leipzig, Germany: Barth. 
 
McCambridge, J., Witton, J., & Elbourne, D. R. (2014). Systematic review of the Hawthorne 
effect: new concepts are needed to study research participation effects. Journal of clinical 
epidemiology, 67(3), 267-277. 
 
McCarthy, G., & Donchin, E. (1978). Brain potentials associated with structural and functional 
visual matching. Neuropsychologia, 16(5), 571-585. 



 
 

161

 
McDonough, B. E., & Warren, C. A. (2001). Effects of 12-h tobacco deprivation on event-related 
potentials elicited by visual smoking cues. Psychopharmacology, 154(3), 282-291. 
 
McFall, S. R., Jamieson, J. P., & Harkins, S. G. (2009) Testing the mere effort account of the 
evaluation-performance relationship. Journal of Personality and Social Psychology, 96(1), 135. 
 
Meaux, E., El Zein, M., Mennella, R., Wyart, V., & Grezes, J. (2020). Prioritized neural 
computations of socially-relevant signals during perceptual decision-making. bioRxiv, 859942. 
 
Mecklinger, A., Kramer, A. F., & Strayer, D. L. (1992). Event related potentials and EEG 
components in a semantic memory search task. Psychophysiology, 29(1), 104-119. 
 
Mena, B., José, M., Alarcón, R., Arnau Gras, J., Bono Cabré, R., & Bendayan, R. (2017). Non-
normal data: Is ANOVA still a valid option?. Psicothema, 2017, vol. 29, num. 4, p. 552-557. 
 
Milgram, S. (1963). Behavioral study of obedience. The Journal of abnormal and social 
psychology, 67(4), 371. 
 
Miller, F. G., Hurkman, M. F., Robinson, J. B., & Feinberg, R. A. (1979). Status and evaluation 
potential in the social facilitation and impairment of task performance. Personality and Social 
Psychology Bulletin, 5(3), 381-385. 
 
Milivojevic, B., Clapp, W. C., Johnson, B. W., & Corballis, M. C. (2003). Turn that frown upside 
down: ERP effects of thatcherization of misorientated faces. Psychophysiology, 40(6), 967-978. 
 
Miller, J. (1981). Global precedence in attention and decision. Journal of Experimental 
Psychology: Human Perception and Performance, 7(6), 1161. 
 
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. 
(2000). The unity and diversity of executive functions and their contributions to complex “frontal 
lobe” tasks: A latent variable analysis. Cognitive psychology, 41(1), 49-100. 
 
Miyazaki, Y. (2013). Increasing visual search accuracy by being watched. PloS one, 8(1), e53500. 
 
Miyazaki, Y. (2015). Influence of being videotaped on the prevalence effect during visual 
search. Frontiers in psychology, 6, 583. 
 
Monfardini, E., Redouté, J., Hadj-Bouziane, F., Hynaux, C., Fradin, J., Huguet, P., ... & Meunier, 
M. (2015) Others’ sheer presence boosts brain activity in the attention (but not the motivation) 
network. Cerebral Cortex, 26(6), 2427-2439. 
 
Moore, H. T. (1917) Laboratory tests of anger, fear and sex interest. The American Journal of 
Psychology, 28(3), 390-395. 
 
Moser, J., Moran, T., Schroder, H., Donnellan, B., & Yeung, N. (2013). On the relationship 
between anxiety and error monitoring: a meta-analysis and conceptual framework. Frontiers in 
human neuroscience, 7, 466. 
 
Muller, D., Atzeni, T., & Butera, F. (2004). Coaction and upward social comparison reduce the 
illusory conjunction effect: Support for distraction–conflict theory. Journal of Experimental 
Social Psychology, 40(5), 659-665. 
 
Muller, D., & Butera, F. (2007). The focusing effect of self-evaluation threat in coaction and 
social comparison. Journal of Personality and Social Psychology, 93(2), 194. 
 



 
 

162

Myllyneva, A., & Hietanen, J. K. (2016). The dual nature of eye contact: to see and to be 
seen. Social cognitive and affective neuroscience, 11(7), 1089-1095. 
 
Nash, A. J., & Fernandez, M. (1996). P300 and allocation of attention in dual-tasks. International 
journal of psychophysiology, 23(3), 171-180. 
 
Navon, D. (1977). Forest before trees: The precedence of global features in visual 
perception. Cognitive psychology, 9(3), 353-383. 
 
Navon, D. (1981). The forest revisited: More on global precedence. Psychological 
research, 43(1), 1-32. 
 
Nelson, J. K., Reuter-Lorenz, P. A., Sylvester, C. Y. C., Jonides, J., & Smith, E. E. (2003). 
Dissociable neural mechanisms underlying response-based and familiarity-based conflict in 
working memory. Proceedings of the National Academy of Sciences, 100(19), 11171-11175. 
 
Nettle, D., Nott, K., & Bateson, M. (2012). ‘Cycle thieves, we are watching you’: Impact of a 
simple signage intervention against bicycle theft. PloS one, 7(12), e51738. 
 
Neuhaus, A. H., Urbanek, C., Opgen-Rhein, C., Hahn, E., Ta, T. M. T., Koehler, S., ... & Dettling, 
M. (2010). Event-related potentials associated with Attention Network Test. International Journal 
of Psychophysiology, 76(2), 72-79. 
 
Nichols, K. A., & Champness, B. G. (1971). Eye gaze and the GSR. Journal of Experimental 
Social Psychology, 7(6), 623-626. 
 
Norman, D. A., & Shallice, T. (1986). Attention to Action: Willed and Automatic Control of 
Behaviour. In: R. J. Davidson., G. E. Schwartz, & D. E. Shapiro (Eds.), Consciousness and Self-
Regulation (pp. 1-14). New York: Plenum Press. 
 
Normand, A., Autin, F., & Croizet, J. C. (2015). Evaluative pressure overcomes perceptual load 
effects. Psychonomic bulletin & review, 22(3), 737-742. 
 
Normand, A., Bouquet, C. A., & Croizet, J. C. (2014). Does evaluative pressure make you less or 
more distractible? Role of top-down attentional control over response selection. Journal of 
Experimental Psychology: General, 143(3), 1097. 
 
Normand, A., & Croizet, J. C. (2013). Upward social comparison generates attentional focusing 
when the dimension of comparison is self-threatening. Social cognition, 31(3), 336-348. 
 
O'Malley, J. J., & Poplawsky, A. (1971) Noise-induced arousal and breadth of attention. 
Perceptual and motor skills, 33(3), 887-890. 
 
Oostenveld, R., Fries, P., Maris, E., & Schoffelen, J. M. (2011). FieldTrip: open source software 
for advanced analysis of MEG, EEG, and invasive electrophysiological data. Computational 
intelligence and neuroscience, 2011, 1. 
 
Öztekin, I., Curtis, C. E., & McElree, B. (2009). The medial temporal lobe and the left inferior 
prefrontal cortex jointly support interference resolution in verbal working memory. Journal of 
cognitive neuroscience, 21(10), 1967-1979. 
 
Paivio, A. (1965). Personality and audience influence. In B. Maher (Ed.). Progress in 
experimental personality research (Vol. 2, pp. 127–173). New York: Academic Press. 
 
Parasuraman, R. (1980). Effects of information processing demands on slow negative shift 
latencies and N100 amplitude in selective and divided attention. Biological psychology, 11(3-4), 
217-233. 



 
 

163

 
Paavilainen, P., Alho, K., Reinikainen, K., Sams, M., & Näätänen, R. (1991). Right hemisphere 
dominance of different mismatch negativities. Electroencephalography and clinical 
neurophysiology, 78(6), 466-479. 
 
Paulus, M. P. (2015). Cognitive control in depression and anxiety: out of control?. Current 
Opinion in Behavioral Sciences, 1, 113-120. 
 
Pazo-Alvarez, P., Cadaveira, F., & Amenedo, E. (2003). MMN in the visual modality: a 
review. Biological psychology, 63(3), 199-236. 
 
Pederson, A. M. (1970). Effects of test anxiety and coacting groups on learning and 
performance. Perceptual and Motor Skills, 30(1), 55-62. 
 
Perrett, D. I., Hietanen, J. K., Oram, M. W., & Benson, P. J. (1992). Organization and functions of 
cells responsive to faces in the temporal cortex. Philosophical transactions of the royal society of 
London. Series B: Biological sciences, 335(1273), 23-30. 
 
Perrett, D. I., Smith, P. A. J., Potter, D. D., Mistlin, A. J., Head, A. S., Milner, A. D., & Jeeves, 
M. A. (1985). Visual cells in the temporal cortex sensitive to face view and gaze 
direction. Proceedings of the Royal society of London. Series B. Biological sciences, 223(1232), 
293-317. 
 
Petit, G., Kornreich, C., Maurage, P., Noël, X., Letesson, C., Verbanck, P., & Campanella, S. 
(2012). Early attentional modulation by alcohol-related cues in young binge drinkers: an event-
related potentials study. Clinical Neurophysiology, 123(5), 925-936. 
 
[Photograph of Floyd Allport, Unknown Author] (n.d.) Retrieved May 3, 2018 from  
https://library.syr.edu/digital/guides_sua/html/sua_allport_fh.htm 
 
[Photograph of Norman Triplett, Public Domain Image] (n.d.) Retrieved May 3, 2018 from  
https://www.socialpsychology.org/social-figures.htm 
 
Platania, J., & Moran, G. P. (2001). Social facilitation as a function of the mere presence of 
others. The Journal of social psychology, 141(2), 190-197. 
 
Polich, J. (2011). Neuropsychology of P300. In Luck, S. J., & Kappenman, E. S. (Eds.), The 
Oxford handbook of event-related potential components, 159-188. Oxford University Press. 
 
Polich, J., & Criado, J. R. (2006). Neuropsychology and neuropharmacology of P3a and 
P3b. International Journal of Psychophysiology, 60(2), 172-185. 
 
Polich, J., & Kok, A. (1995). Cognitive and biological determinants of P300: an integrative 
review. Biological psychology, 41(2), 103-146. 
 
Posner, M. I. (1980). Orienting of attention. Quarterly journal of experimental psychology, 32(1), 
3-25. 
 
Posner, M. I., & Petersen, S. E. (1990). The attention system of the human brain. Annual review 
of neuroscience, 13(1), 25-42.  
 
Powell, K. L., Roberts, G., & Nettle, D. (2012). Eye images increase charitable donations: 
Evidence from an opportunistic field experiment in a supermarket. Ethology, 118(11), 1096-1101. 
 
Pratt, H. (2011). Sensory ERP components. In Luck, S. J., & Kappenman, E. S. (Eds.), The 
Oxford handbook of event-related potential components, 89-114. Oxford University Press. 
 



 
 

164

Pribram, K. H., & McGuinness, D. (1975) Arousal, activation, and effort in the control of 
attention. Psychological review, 82(2), 116. 
 
Putz, V. R. (1975). The effects of different modes of supervision on vigilance behaviour. British 
Journal of Psychology, 66(2), 157-160. 
 
Quarter, J., & Marcus, A. (1971). Drive level and the audience effect: a test of Zajonc's 
theory. The Journal of Social Psychology, 83(1), 99-105. 
 
Rademacher, L., Krach, S., Kohls, G., Irmak, A., Gründer, G., & Spreckelmeyer, K. N. (2010). 
Dissociation of neural networks for anticipation and consumption of monetary and social 
rewards. Neuroimage, 49(4), 3276-3285. 
 
Rajecki, D. W., Ickes, W., Corcoran, C., & Lenerz, K. (1977). Social facilitation of human 
performance: Mere presence effects. The Journal of Social Psychology, 102(2), 297-310. 
 
Ranstam, J. (2016). Multiple P-values and Bonferroni correction. Osteoarthritis and 
cartilage, 24(5), 763-764. 
 
Ratcliff, R. (1978). A theory of memory retrieval. Psychological review, 85(2), 59. 
 
Ratcliff, R., & Tuerlinckx, F. (2002). Estimating parameters of the diffusion model: Approaches 
to dealing with contaminant reaction times and parameter variability. Psychonomic bulletin & 
review, 9(3), 438-481. 
 
Redick, T. S. (2014). Cognitive control in context: Working memory capacity and proactive 
control. Acta psychologica, 145, 1-9. 
 
Remington, R. W., Johnston, J. C., & Yantis, S. (1992). Involuntary attentional capture by abrupt 
onsets. Perception & Psychophysics, 51(3), 279-290. 
 
Riccio, C. A., Reynolds, C. R., Lowe, P., & Moore, J. J. (2002). The continuous performance test: 
a window on the neural substrates for attention?. Archives of clinical neuropsychology, 17(3), 
235-272. 
 
Richeson, J. A., & Shelton, J. N. (2003). When prejudice does not pay: Effects of interracial 
contact on executive function. Psychological Science, 14(3), 287-290. 
 
Richeson, J. A., & Trawalter, S. (2005). Why do interracial interactions impair executive 
function? A resource depletion account. Journal of personality and social psychology, 88(6), 934. 
 
Richmond, L. L., Redick, T. S., & Braver, T. S. (2015). Remembering to prepare: The benefits 
(and costs) of high working memory capacity. Journal of Experimental Psychology: Learning, 
Memory, and Cognition, 41(6), 1764. 
 
Roach, B. J., & Mathalon, D. H. (2008). Event-related EEG time-frequency analysis: an overview 
of measures and an analysis of early gamma band phase locking in schizophrenia. Schizophrenia 
bulletin, 34(5), 907-926. 
 
Roethlisberger, F. J., & Dickson, W.J. (1939). Management and the worker. Cambridge, MA: 
Harvard University Press. 

Rosenberg, M. (1965). Society and the adolescent self-image. Princeton, NJ: Princeton University 
Press.  



 
 

165

Rossion, B., & Jacques, C. (2011). The N170: Understanding the Time Course of Face Perception 
in the Human Brain. In Luck, S. J., & Kappenman, E. S. (Eds.), The Oxford handbook of event-
related potential components, 115-142. Oxford University Press. 
 
Rossion, B., Gauthier, I., Tarr, M. J., Despland, P., Bruyer, R., Linotte, S., & Crommelinck, M. 
(2000). The N170 occipito-temporal component is delayed and enhanced to inverted faces but not 
to inverted objects: an electrophysiological account of face-specific processes in the human 
brain. Neuroreport, 11(1), 69-72. 
 
Rosvold, H. E., Mirsky, A. F., Sarason, I., Bransome Jr, E. D., & Beck, L. H. (1956). A 
continuous performance test of brain damage. Journal of consulting psychology, 20(5), 343. 
 
Royall, D. R., Lauterbach, E. C., Cummings, J. L., Reeve, A., Rummans, T. A., Kaufer, D. I., ... 
& Coffey, C. E. (2002). Executive control function: a review of its promise and challenges for 
clinical research. A report from the Committee on Research of the American Neuropsychiatric 
Association. The Journal of neuropsychiatry and clinical neurosciences, 14(4), 377-405. 
 
Rubin, M. (2017). Do p values lose their meaning in exploratory analyses? It depends how you 
define the familywise error rate. Review of General Psychology, 21(3), 269-275. 
 
Ruchkin, D. S., Johnson Jr, R., Mahaffey, D., & Sutton, S. (1988). Toward a functional 
categorization of slow waves. Psychophysiology, 25(3), 339-353. 
 
Rueda, M. R., Fan, J., McCandliss, B. D., Halparin, J. D., Gruber, D. B., Lercari, L. P., & Posner, 
M. I. (2004). Development of attentional networks in childhood. Neuropsychologia, 42(8), 1029-
1040. 
 
Sanders, G. S. (1981) Toward a comprehensive theory of social facilitation: Distraction/conflict 
does not mean theoretical conflict. Journal of Experimental Social Psychology, 17(3), 262-265. 
 
Sanders, G. S., & Baron, R. S. (1975). The motivating effects of distraction on task 
performance. Journal of Personality and Social Psychology, 32(6), 956. 
 
Sanders, G. S., Baron, R. S., & Moore, D. L. (1978). Distraction and social comparison as 
mediators of social facilitation effects. Journal of Experimental Social Psychology, 14(3), 291-
303. 
 
Sanna, L. J. (1992). Self-efficacy theory: Implications for social facilitation and social 
loafing. Journal of personality and social psychology, 62(5), 774. 
 
Sanna, L. J., & Shotland, R. L. (1990). Valence of anticipated evaluation and social 
facilitation. Journal of Experimental Social Psychology, 26(1), 82-92. 
 
Scheffers, M. K., Johnson Jr, R., & Ruchkin, D. S. (1991). P300 in patients with unilateral 
temporal lobectomies: The effects of reduced stimulus quality. Psychophysiology, 28(3), 274-284. 
 
Schmiedek, F., Oberauer, K., Wilhelm, O., Süß, H. M., & Wittmann, W. W. (2007). Individual 
differences in components of reaction time distributions and their relations to working memory 
and intelligence. Journal of Experimental Psychology: General, 136(3), 414. 
 
Schmitt, B. H., Gilovich, T., Goore, N., & Joseph, L. (1986). Mere presence and social 
facilitation: One more time. Journal of experimental social psychology, 22(3), 242-248. 
 
Schmitz, L., Vesper, C., Sebanz, N., & Knoblich, G. (2017). Co-representation of others’ task 
constraints in joint action. Journal of Experimental Psychology: Human Perception and 
Performance, 43(8), 1480. 
 



 
 

166

Schwarz, W. (2001). The ex-Wald distribution as a descriptive model of response times. Behavior 
Research Methods, Instruments, & Computers, 33(4), 457-469. 
 
Seitchik, A. E., Brown, A. J., & Harkins, S. G. (2017). Social facilitation: Using the molecular to 
inform the molar. The Oxford handbook of social influence, 183. 
 
Shrauger, J. S. (1972). Self-esteem and reactions to being observed by others. Journal of 
Personality and Social Psychology, 23(2), 192. 
 
Shteynberg, G. (2015). Shared attention. Perspectives on Psychological Science, 10(5), 579-590. 
 
Shteynberg, G., Hirsh, J. B., Apfelbaum, E. P., Larsen, J. T., Galinsky, A. D., & Roese, N. J. 
(2014). Feeling more together: Group attention intensifies emotion. Emotion, 14(6), 1102. 
 
Smid, H. G. O. M., De Witte, M. R., Homminga, I., & Van Den Bosch, R. J. (2006). Sustained 
and transient attention in the continuous performance task. Journal of Clinical and Experimental 
Neuropsychology, 28(6), 859-883. 
 
Somerville, L. H., Jones, R. M., Ruberry, E. J., Dyke, J. P., Glover, G., & Casey, B. J. (2013). The 
medial prefrontal cortex and the emergence of self-conscious emotion in 
adolescence. Psychological science, 24(8), 1554-1562. 
 
Soto, D., Hodsoll, J., Rotshtein, P., & Humphreys, G. W. (2008). Automatic guidance of attention 
from working memory. Trends in cognitive sciences, 12(9), 342-348. 
 
Spence, K. W. (1958) A theory of emotionally based drive (D) and its relation to performance in 
simple learning situations. American psychologist, 13(4), 131. 
 
Spielberger, C. D., Gorsuch, R. L., Lushene, R., Vagg, P. R., & Jacobs, G. A. (1983). Manual for 
the state-trait anxiety scale. Consulting Psychologists. 
 
Squires, K. C., Hillyard, S. A., & Lindsay, P. H. (1973). Vertex potentials evoked during auditory 
signal detection: Relation to decision criteria. Perception & Psychophysics, 14(2), 265-272. 
 
Squires, N. K., Squires, K. C., & Hillyard, S. A. (1975). Two varieties of long-latency positive 
waves evoked by unpredictable auditory stimuli in man. Electroencephalography and clinical 
neurophysiology, 38(4), 387-401. 
 
Stagg, C., Hindley, P., Tales, A., & Butler, S. (2004). Visual mismatch negativity: the detection of 
stimulus change. Neuroreport, 15(4), 659-663. 
 
Stanislaw, H., & Todorov, N. (1999). Calculation of signal detection theory measures. Behavior 
research methods, instruments, & computers, 31(1), 137-149. 
 
Stefanics, G., Astikainen, P., & Czigler, I. (2015). Visual mismatch negativity (vMMN): a 
prediction error signal in the visual modality. Frontiers in Human Neuroscience, 8, 1074. 
 
Stefanics, G., Csukly, G., Komlósi, S., Czobor, P., & Czigler, I. (2012). Processing of unattended 
facial emotions: a visual mismatch negativity study. Neuroimage, 59(3), 3042-3049. 
 
Stefanics, G., Heinzle, J., Horváth, A. A., & Stephan, K. E. (2018). Visual mismatch and 
predictive coding: a computational single-trial ERP study. Journal of Neuroscience, 38(16), 4020-
4030. 
 
Stefanics, G., Kremláček, J., & Czigler, I. (2014). Visual mismatch negativity: a predictive coding 
view. Frontiers in human neuroscience, 8, 666. 
 



 
 

167

Steinmetz, J., & Pfattheicher, S. (2017) Beyond Social Facilitation: A Review of the Far-
Reaching Effects of Social Attention. Social Cognition, 35(5), 585-599. 
 
Stoet, G., O’Connor, D. B., Conner, M., & Laws, K. R. (2013). Are women better than men at 
multi-tasking?. BMC Psychology, 1(1), 18. 
 
Stopa, L., & Clark, D. M. (1993). Cognitive processes in social phobia. Behaviour research and 
therapy, 31(3), 255-267. 
 
Stothart, G., & Kazanina, N. (2013). Oscillatory characteristics of the visual mismatch negativity: 
what evoked potentials aren't telling us. Frontiers in human neuroscience, 7, 426. 
 
Strauss, B. (2002) Social facilitation in motor tasks: a review of research and theory. Psychology 
of sport and exercise, 3(3), 237-256. 
 
Stroebe, W. (2012) The truth about triplett (1898), but nobody seems to care. Perspectives on 
Psychological Science, 7(1), 54-57. 
 
Strube, M. J. (2005) What did Triplett really find? A contemporary analysis of the first 
experiment in social psychology. The American journal of psychology, 271-286. 
 
Tanaka, J., Luu, P., Weisbrod, M., & Kiefer, M. (1999). Tracking the time course of object 
categorization using event-related potentials. NeuroReport, 10(4), 829-835. 
 
Terry, D. J., & Kearnes, M. (1993). Effects of an audience on the task performance of subjects 
with high and low self-esteem. Personality and individual differences, 15(2), 137-145. 
 
Thibaut. J. W., & Kelley. H. H. (1959) The social psychology of groups. New York: Wiley. 
Toates, F. M., & Archer, J. (1978). A comparative review of motivational systems using classical 
control theory. Animal Behaviour, 26, 368-380. 
 
Tosoni, A., Galati, G., Romani, G. L., & Corbetta, M. (2008). Sensory-motor mechanisms in 
human parietal cortex underlie arbitrary visual decisions. Nature neuroscience, 11(12), 1446-
1453. 
 
Treichler, F. R., Graham, M. M., & Schweikert, G. E. (1971). Social facilitation of the rat’s 
responding in extinction. Psychonomic Science, 22(5), 291-293. 
 
Treisman, A. M. (1964). Selective attention in man. British medical bulletin, 20, 12-16. 
 
Treisman, A., & Geffen, G. (1967). Selective attention: Perception or response?. Quarterly 
Journal of Experimental Psychology, 19(1), 1-17. 
 
Triplett, N. (1898) The dynamogenic factors in pacemaking and competition. The American 
journal of psychology, 9(4), 507-533. 
 
Tuerlinckx, F. (2004). The efficient computation of the cumulative distribution and probability 
density functions in the diffusion model. Behavior Research Methods, Instruments, & 
Computers, 36(4), 702-716. 
 
Turner, B. O., Kingstone, A., Risko, E. F., Santander, T., Li, J., & Miller, M. B. (2020). 
Recording brain activity can function as an implied social presence and alter neural 
connectivity. Cognitive neuroscience, 11(1-2), 16-23. 
 
Twomey, D. M., Murphy, P. R., Kelly, S. P., & O'Connell, R. G. (2015). The classic P300 
encodes a build‐to‐threshold decision variable. European journal of neuroscience, 42(1), 1636-
1643. 



 
 

168

 
Uziel, L. (2007) Individual differences in the social facilitation effect: A review and meta-
analysis. Journal of Research in Personality, 41(3), 579-601. 
 
Vallacher, R. R., & Solodky, M. (1979). Objective self-awareness, standards of evaluation, and 
moral behavior. Journal of Experimental Social Psychology, 15(3), 254-262. 
 
Vandekerckhove, J., & Tuerlinckx, F. (2007). Fitting the Ratcliff diffusion model to experimental 
data. Psychonomic bulletin & review, 14(6), 1011-1026. 
 
Vanderhasselt, M. A., De Raedt, R., Dillon, D. G., Dutra, S. J., Brooks, N., & Pizzagalli, D. A. 
(2012). Decreased cognitive control in response to negative information in patients with remitted 
depression: an event-related potential study. Journal of psychiatry & neuroscience: JPN, 37(4), 
250. 
 
van Ravenzwaaij, D., Donkin, C., & Vandekerckhove, J. (2017). The EZ diffusion model 
provides a powerful test of simple empirical effects. Psychonomic Bulletin & Review, 24(2), 547-
556. 
 
Van Voorhis, S., & Hillyard, S. A. (1977). Visual evoked potentials and selective attention to 
points in space. Perception & Psychophysics, 22(1), 54-62. 
 
Verleger, R. (1988). Event-related potentials and cognition: A critique of the context updating 
hypothesis and an alternative interpretation of P3. Behavioral and brain sciences, 11(3), 343-356. 
 
Vogel, E. K., & Luck, S. J. (2000). The visual N1 component as an index of a discrimination 
process. Psychophysiology, 37(2), 190-203. 
 
Volkow, N. D., Wise, R. A., & Baler, R. (2017). The dopamine motive system: implications for 
drug and food addiction. Nature Reviews Neuroscience, 18(12), 741. 
 
Volpe, U., Mucci, A., Bucci, P., Merlotti, E., Galderisi, S., & Maj, M. (2007). The cortical 
generators of P3a and P3b: a LORETA study. Brain research bulletin, 73(4-6), 220-230. 
 
Wachsmuth, E., Oram, M. W., & Perrett, D. I. (1994). Recognition of objects and their 
component parts: responses of single units in the temporal cortex of the macaque. Cerebral 
Cortex, 4(5), 509-522. 
 
Wagenmakers, E. J., Van Der Maas, H. L., & Grasman, R. P. (2007). An EZ-diffusion model for 
response time and accuracy. Psychonomic bulletin & review, 14(1), 3-22. 
 
Wagner, U., Galli, L., Schott, B. H., Wold, A., van der Schalk, J., Manstead, A. S., ... & Walter, 
H. (2015). Beautiful friendship: Social sharing of emotions improves subjective feelings and 
activates the neural reward circuitry. Social cognitive and affective neuroscience, 10(6), 801-808. 
 
Wagstaff, G. F., Wheatcroft, J., Cole, J. C., Brunas-Wagstaff, J., Blackmore, V., & Pilkington, A. 
(2008) Some cognitive and neuropsychological aspects of social inhibition and facilitation. 
European Journal of Cognitive Psychology, 20(4), 828-846. 
 
Weiss, R. F., & Miller, F. G. (1971). The drive theory of social facilitation. Psychological 
Review, 78(1), 44. 
 
Welty, J. C. (1934). Experiments in group behavior of fishes. Physiological Zoology, 7(1), 85-
128. 
 



 
 

169

West, R., Murphy, K. J., Armilio, M. L., Craik, F. I., & Stuss, D. T. (2002). Lapses of intention 
and performance variability reveal age-related increases in fluctuations of executive control. Brain 
and cognition, 49(3), 402-419. 
 
Wickens, C. D. (1980). The Structure of Attentional Resources. In R. Nickerson & R. Pew 
(Eds.), Attention and performance VIII, 8, (pp. 239-257). Hillsdale, NJ: Lawrence Erlbaum 
Associates. 
 
Wickens, C. D. (1984) Processing resources in attention. In R. Parasuraman & R. T. Davies 
(Eds.), Varieties of attention (pp. 63-102). New York: Academic Press. 
 
Wickens, C., Kramer, A., Vanasse, L., & Donchin, E. (1983). Performance of concurrent tasks: a 
psychophysiological analysis of the reciprocity of information-processing 
resources. Science, 221(4615), 1080-1082. 
 
Wicklund, R. A., & Duval, S. (1971) Opinion change and performance facilitation as a result of 
objective self-awareness. Journal of Experimental Social Psychology, 7(3), 319-342. 
 
Wickström, G., & Bendix, T. (2000). The" Hawthorne effect"—what did the original Hawthorne 
studies actually show?. Scandinavian journal of work, environment & health, 363-367. 
 
Wiemers, E. A., & Redick, T. S. (2018). Working memory capacity and intra-individual 
variability of proactive control. Acta psychologica, 182, 21-31. 
 
Wolf, R. C., Walter, H., & Vasic, N. (2010). Increasing contextual demand modulates anterior 
and lateral prefrontal brain regions associated with proactive interference. International Journal 
of Neuroscience, 120(1), 40-50. 
 
Woods, D. L., Alho, K., & Algazi, A. (1992). Intermodal selective attention. I. Effects on event-
related potentials to lateralized auditory and visual stimuli. Electroencephalography and clinical 
neurophysiology, 82(5), 341-355. 
 
Woods, D. L., & Hillyard, S. A. (1978). Attention at the cocktail party: Brainstem evoked 
responses reveal no peripheral gating. Multidisciplinary perspectives in event-related brain 
potential research, EPA-600/9-77, 43. 
 
Woody, S. R., & Rodriguez, B. F. (2000). Self-focused attention and social anxiety in social 
phobics and normal controls. Cognitive Therapy and Research, 24(4), 473-488. 
 
Woody, S. R., Chambless, D. L., & Glass, C. R. (1997). Self-focused attention in the treatment of 
social phobia. Behaviour Research and Therapy, 35(2), 117-129. 
 
Wyart, V., Myers, N. E., & Summerfield, C. (2015). Neural mechanisms of human perceptual 
choice under focused and divided attention. Journal of neuroscience, 35(8), 3485-3498. 
 
Yu, R. F., & Wu, X. (2015). Working alone or in the presence of others: exploring social 
facilitation in baggage X-ray security screening tasks. Ergonomics, 58(6), 857-865. 
 
Zajonc, R. B. (1965). Social facilitation. Science, 149, 269-274. 
 
Zajonc, R. B., & Sales, S. M. (1966). Social facilitation of dominant and subordinate 
responses. Journal of Experimental Social Psychology, 2(2), 160-168. 
 
Zarubin, V. C., Phillips, T. K., Robertson, E., Swafford, P. G. B., Bunge, T., Aguillard, D., ... & 
Steinmetz, K. R. M. (2020). Contributions of Arousal, Attention, Distinctiveness, and Semantic 
Relatedness to Enhanced Emotional Memory: An Event-Related Potential and Electrocardiogram 
Study. Affective Science, 1-14. 



 
 

170

 
Zentall, T. R., & Levine, J. M. (1972). Observational learning and social facilitation in the 
rat. Science, 178(4066), 1220-1221. 
 

 


