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Abstract
Just by looking at someone’s eyes, we can quickly infer how they feel, what interests them,
and whether we’ve met them. Because of their value as a socially communicative cue, researchers
have strived to understand how the gaze of other people influences a variety of cognitive processes.
However, recent work in the field of social attention suggests that socially communicative aspects
of eye gaze are not tested effectively in laboratory studies that use images of people. As attention
affects many other cognitive processes, it is likely that social attention between real individuals
could also affect other cognitive processes, such as memory. From previous work alone, it is
unclear whether, and if so how, socially communicative eye gaze affects memory. The studies
presented in this document address this issue. The first two chapters establish that socially
communicative eye contact can improve verbal memory, though only in females. Chapter 3
confirms that socially communicative aspects, rather than perceptual aspects, of eye gaze drive
improvements in memory. The next three chapters explored which communicative signals are
responsible for the memory benefits observed in female participants. Chapter 4 eliminates the
possibility that observing a head-lift is responsible for the memory effects, and confirms that eye
contact is the key factor. Chapter 4 also reveals that 'social exclusion' (i.e., not being looked at)
can hinder memory. Chapters 5 and 6 determine that other socially communicative signals, both
non-verbal and verbal, can also modulate verbal memory. This demonstrates that a communicative
signal in general, rather than one specific to the eyes, is modulating memory performance.
However, Chapter 6 demonstrates that a non-gaze referential cue can influence memory in male
participants; which stands in contrast to the original finding that eye contact did not. Thus, males
appear to process eye gaze differently from other social cues. Collectively, the results of this thesis
reveal the importance of using social cues that are communicative in nature (e.g., real people)
iii

when studying human memory. While the mechanisms through which different communicative
signals affect memory are, at least partially shared, their effects appear to vary with the gender of
the observer.
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Lay Summary
The present work sought to determine whether a speaker’s eye gaze could change what a listener
remembers the speaker saying. The studies established that a speaker’s eye contact improves
memory and seeing a speaker look at someone else hinders memory, though only in female
listeners, and only when the speaker is live (i.e., appeared in person or through videoconferencing).
The findings indicate that female listeners use a speaker’s eye gaze to infer when to tune out or be
attentive to what a speaker says. Furthermore, other communicative signals that speakers use (i.e.,
pointing, naming someone) affect listeners’ memory similarly. However, unlike eye gaze, a
speaker’s hand gestures can influence what male listeners remember the speaker saying. While
many communicative signals alter how listeners attend to a speaker, men and women interpret
some signals differently, thus the impact that these signals have on memory varies with the gender
of the listener.
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Chapter 1: Introduction
From the moment a child is born, s/he is engaging in a social interaction with its mother to
communicate needs and to have those needs met. This is the earliest example of the importance of
social interactions, and intuitively, the importance of interpreting social cues from others continues
to be important throughout one’s life. Our eyes are central to social interaction, as they convey a
wealth of information about our emotional and mental states which people use to decode our
behaviours and intentions (Emery, 2000). During a social interaction, people tend to look at other
peoples' eyes to gauge whether they are interested (Argyle, Lefebvre, & Cook, 1974; Ellsworth &
Ross, 1975), paying attention (Kleinke, Staneski, & Berger, 1975), and what their intentions may
be (Baron-Cohen, 1995; Emery, 2000; Frischen & Tipper, 2006; Kleinke, 1986; Ristic et al., 2005;
Shimojo, Simion, Shimojo, & Scheier, 2003). Accordingly, it has been argued that one’s ability to
attend to the eyes of others plays a critical role in understanding and facilitating social interaction
(Campbell, Heywood, Cowey, Regard, & Landis, 1990; Cary, 1978; Emery, 2000; Kleinke,
Staneski, & Berger,1975; Perrett & Emery, 1994; Tomasello, Carpenter, Call, Behna, & Moll,
2005; Vertegaal, Slagter, Van Der Veer, & Nijholt, 2001). On the other hand, failing to properly
attend to the eyes of others has been linked to deficits in social functioning in autism spectrum
disorder (see Senju & Johnson, 2009a for a review) as well as social anxiety disorder (Schneier,
Rodebaugh, Blanco, Lewin, & Liebowitz, 2011; Wieser, Pauli, Alpers, & Mühlberger, 2009).
Indeed, researchers have theorized that eye gaze represents a special social attentional cue (BaronCohen, 1995) that may be processed by dedicated neural mechanisms (such as that revealed by
activity in the superior temporal sulcus, Campbell, Heywood, Cowey, Regard, & Landis, 1990;
Itier & Batty, 2009).
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Researchers have attempted to study the eyes’ importance as a social attentional cue by
using variants of classic visual attention paradigms in conjunction with socially-relevant stimuli
(e.g., an image of a face looking at you). In these laboratory-based tasks, such a stimulus is
presented on a computer screen and a person’s eye movements – and other attentional behaviours
in response to the stimulus – are recorded. Using these tasks, researchers typically find that people
preferentially attend to the eyes of others and are sensitive to signals they convey (e.g., people
attend to where other people look, especially when they look at them (Blais, Jack, Scheepers, Fiset,
& Caldara, 2008; Böckler, van der Wel, & Welsh, 2015; Conty, George, & Hietanen, 2016; Conty,
Gimmig, Belletier, George, & Huguet, 2010; Conty, N’Diaye, Tijus, & George, 2007; Doi & Ueda,
2007; Doi, Ueda, & Shinohara, 2009; Freeth, Foulsham, & Kingstone, 2013; Marino, Mirabella,
Actis-Grosso, Bricolo, & Ricciardelli, 2015; Nathalie George, Hugueville, Conty, Coelho, & Tijus,
2006; Itier & Batty, 2009; Mares, Smith, Johnson, & Senju, 2016; Palanica & Itier, 2011; Senju,
Hasegawa, & Tojo, 2005; Senju & Johnson, 2009b; von Grunau & Anston, 1995; Vuilleumier,
George, Lister, Armony, & Driver, 2005). These findings are consistent with the idea that the eyes
of others are important attentional cues. While these lab tasks have made use of a variety of
different social stimuli, which vary in complexity and approximation to real social interactions,
the stimuli in these tasks are seldom real people. However, recent research suggests that both the
attentional behaviors and subservient neural mechanisms engaged while interacting with a real
person, who can interact with you, are fundamentally different than those exhibited while viewing
an image of a person (Bailenson, Blascovich, Beall, & Loomis, 2001; Kingstone, 2009; Kingstone,
Smilek, & Eastwood, 2008; Risko & Kingstone, 2015; Risko, Laidlaw, Freeth, Foulsham, &
Kingstone, 2012; Risko, Richardson, & Kingstone, 2016; Smilek, Birmingham, Cameron, Bischof,
& Kingstone, 2006). These concerns regarding the ecological validity of using images of people
2

instead of real people while studying social behaviour have encouraged social attention researchers
to study attentional behaviour in response to real people in more natural settings. Studies of
interactions that are closer approximations to what one might encounter in real life suggest that
attentional behaviours in response to another’s eye gaze are (a) actually much more complex than
was previously assumed and (b) are influenced by the social context that differs between the lab
and real life (Gallup, Hale, et al., 2012; Gallup, Chong, & Couzin, 2012; Goffman, 1963; Hietanen,
Leppänen, Peltola, Linna-Aho, & Ruuhiala, 2008; Laidlaw, Foulsham, Kuhn, & Kingstone, 2011;
Pfeiffer, Vogeley, & Schilbach, 2013; Pönkänen, Alhoniemi, Leppänen, & Hietanen, 2011;
Pönkänen, Peltola, & Hietanen, 2011; Schilbach, 2015; Schilbach et al., 2013; Zuckerman,
Miserandino, & Bernieri, 1983). As attention is the gateway for many other cognitive processes
(e.g., memory, perception, etc.), it is likely that social attention between real individuals could
affect other cognitive processes as well. The present thesis investigates this idea with regard to
memory.
1.1

Chapter Overview
The aims of the present chapter of this dissertation are two-fold. First, it provides an

overview of recent lab findings on eye gaze and attention. The review will focus on three
attentional behaviours that occur in response to viewing another’s eye gaze and discuss how these
behaviours manifest in response to social stimuli that range from representations of faces (i.e.,
simplistic cartoons of faces) presented on computer screens to actual people engaging in naturallyoccurring social interactions. The review highlights the findings from the laboratory and natural
contexts to illuminate the differences that exist in attentional behaviours that occur in response to
eye gaze in these different contexts. Critically, the attentional literature sheds light on the fact that
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the socially communicative aspects of eye gaze are not being tested as effectively as one might
wish in laboratory studies that rely on images of people.
Second, this review explores how our attention to eye gaze influences subsequent memory
for information1. As attention is critical for the processing of both external information and internal
thoughts, elements of attention can have a potent impact on memorability. Thus, the same
concerns regarding the ecological validity of social stimuli apply to our memory in social contexts.
The review will detail how memory researchers have approached this issue focusing specifically
on the memory effects associated with eye gaze, as these studies more closely approximate real
people in socially communicative contexts.

1.2

Eye gaze influencing attention in computer based-tasks

1.2.1

Preferential attention to the eyes of others
Our preference to attend to the eyes of others has been demonstrated in numerous

laboratory studies where individuals freely view isolated images of faces while their gaze is
monitored (Henderson, Williams, & Falk, 2005; Laidlaw, Risko, & Kingstone, 2012; Pelphrey et
al., 2002; Walker-Smith, Gale, & Findlay, 1977; Yarbus, 1967). One criticism of this work is that
faces are presented centrally and in isolation, resulting in the eyes being quite prominent (Andrews,

1

Typically, the term memory encompasses a variety of different components (e.g., sensory
memory, long-term memory) and processes (e.g., the ability to encode, consolidate, and retrieve
information) that can be indexed through many different tasks (e.g., free-recall tasks, cuedrecognition tasks). The present thesis uses a recognition paradigm that manipulates eye gaze during
encoding and short-term consolidation and only indexes memory though this one mode of
retrieval. Thus, the term memory refers to the recognition process throughout this document. This
issue is returned to, and discussed in some detail, in the final chapter of the thesis.
4

Davies-Thompson, Kingstone, & Young, 2010; Bindemann, Scheepers, & Burton, 2009).
However, the tendency to look at the eyes persists even when participants freely-view static scenes
(Birmingham, Bischof, & Kingstone, 2008a, 2008b, 2009; Castelhano, Wieth, & Henderson, 2007;
Smilek, Birmingham, Cameron, Bischof, & Kingstone, 2006) and dynamic videos that display
multiple people and objects (Cheng, Tracy, Foulsham, Kingstone, & Henrich, 2013; Coutrot &
Guyader, 2014; Foulsham, Cheng, Tracy, Henrich, & Kingstone, 2010; Foulsham & Sanderson,
2013; Gustav Kuhn, Tatler, & Cole, 2009).
Interestingly, this gaze preference becomes stronger as the people in the scene appear to
interact with each other more (a finding that is true in both static, Birmingham et al., 2008b, and
dynamic displays, Foulsham & Sanderson, 2013), or when viewers focus on social aspects in a
scene (e.g., what people might be thinking, Birmingham et al., 2008b). For example, when viewers
can see a group of people in a video and hear them talking, they will look at the eyes of the people
in the videos more than when the videos are presented without sound (Foulsham & Sanderson,
2013). This suggests that the tendency to look at the eyes may be even more potent when people
try to explicitly interpret the social signals conveyed by others. Critically, low-level factors, such
as sounds and stimulus saliency, are not driving this preference to look at the eyes, though these
factors seem to enhance its’ tendency (Birmingham, Bischof, & Kingstone, 2008b, 2009b; Coutrot
& Guyader, 2014; Foulsham & Sanderson, 2013).

1.2.2

Attending to where others look
Once a viewer has attended to someone’s eyes, they are incredibly sensitive to where

people are looking in their environment (Driver et al., 1999; Friesen & Kingstone, 1998; Langton
& Bruce, 1999; Shepherd, 2010). One feature that helps us determine the direction of another’s
5

gaze comes from the physical properties of the eye itself. These properties (i.e., a dark pupil in
contrast with a light sclera), along with the neural mechanisms dedicated to processing eye gaze,
have evolved to enable us to quickly and easily detect the object of another’s gaze (Anderson,
Risko, & Kingstone, 2011; Ando, 2004; Emery, 2000; Kobayashi & Kohshima, 1997). This is
important not just because where people look indicates what they are attending to, but also because
their looking behaviour is indicative of what they might do next (Land & Hayhoe, 2001; Land &
Mcleod, 2000; Shepherd, 2010).
To gaze-follow is to orient attention to where or what someone else is looking at in the
environment. This can be achieved by actually moving the eyes and/or head (i.e., overt attention)
or attending without moving the eyes or head (covert orienting). Following another’s eye gaze is
useful because it helps us to better understand not only what someone finds interesting in the
environment, but also what might be interesting to us. To examine covert gaze following in the
laboratory, researchers have modified the classic Posner (1980) spatial cueing task to investigate
whether people will attend to where someone else is looking. Typically, observers are presented
with an image of a schematic (cartoon) face on a computer screen that looks either to the left or
right side of space. Next, an object appears in either the location the face is looking or in the mirror
opposite location. Results from these studies demonstrate that people are faster to detect and
respond to objects that are being looked at than objects that are not looked at (i.e., the gaze cueing
effect; Driver et al., 1999; Friesen & Kingstone, 1998; Frischen, Bayliss, & Tipper, 2007; Langton
& Bruce, 1999), even when the direction of the eyes does not reliably indicate the location of a
target object (Friesen, Ristic, & Kingstone, 2004).
These findings are not limited to covert attention. In gaze cueing studies where researchers
have monitored overt attention (i.e., their eye movements), people are much faster to move their
6

eyes to the location that was looked at than the location that was not looked at. Observers will also
make spontaneous eye movements to locations that have been looked at, even when those looks
are non-predictive (Deaner & Platt, 2003; Mansfield, Farroni, & Johnson, 2003) or even counter
predictive (Kuhn & Kingstone, 2009) of a target location. Taken together, behavioral studies using
variations of the gaze cueing paradigm suggest that gaze following is robust and can be driven
automatically in response to another’s gaze.
As in studies of gaze selection, viewers will spontaneously follow the gaze of another
person in perceptually complex scenes (Castelhano et al., 2007; Palanica & Itier, 2011; Zwickel &
Võ, 2010) and in videos (Kuhn & Kingstone, 2009; Kuhn, Caffaratti, Teszka, & Rensink, 2014;
Kuhn & Martinez, 2012; Nuku & Bekkering, 2008; Rensink & Kuhn, 2015; Teufel, Alexis,
Clayton, & Davis, 2010; Wiese, Wykowska, Zwickel, & Müller, 2012; Wykowska, Wiese,
Prosser, & Müller, 2014). For example, Kuhn and colleagues recorded the eye movements of
people in numerous studies as they watched videos of magic tricks (for reviews see Kuhn &
Martinez, 2012; Kuhn et al., 2010; Kuhn, Caffaratti, Teszka, & Rensink, 2014; Rensink & Kuhn,
2015). Their task was to catch a magician’s slight of hand, and to do this people’s initial tendency
was to look where the magician was looking. Interestingly, gaze following could be suppressed if
viewers were told that watching the magician’s hands would help them to detect the trick, resulting
in them preferentially attending to the magician’s hands. Thus, the tendency to follow the eye gaze
of others in dynamic videos depends heavily on whether one believes that the eyes convey socially
relevant information.
Furthermore, the communicative intention of people displayed in videos has a profound
impact on whether a viewer will follow their gaze (Wiese, Wykowska, Zwickel, & Müller, 2012;
Wykowska, Wiese, Prosser, & Müller, 2014). For example, if viewers believe that the person
7

depicted in a video decides where to look, viewers will follow their eye gaze. However, viewers
will cease to follow a person’s gaze if they believe that a computer is dictating where that person
looks. These results indicate that our willingness to follow eye movements is highly dependent
on whether a viewer believes that the person in a video is actually conveying communicative
signals with their eyes.
As with the preference to attend to the eyes, the idea that people follow gaze seems to scale
up to more realistic stimuli, but as task stimuli become more complex, so do the mechanisms that
underlie one's tendency to follow eye gaze. Indeed, as the stimuli and tasks became more complex,
gaze following behavior became more sensitive to many top down factors including, but not
limited to, task demands and beliefs regarding the person depicted in the task. These findings
indicate that gaze following is not only about the perception of a person's gaze, but it is also about
interpreting what that individual intends to communicate with their eyes.

1.2.3

Attending to people who look at us
Another way that people process someone’s eyes once they are looking at them is to

determine whether they are making eye contact or not. Researchers have speculated that people
have a special attentional mechanism dedicated to detecting and processing when someone looks
directly at them because of direct gaze’s particular importance as a social cue (e.g., eye contact
can indicate that someone is intending to interact with us; Hietanen, Leppänen, Peltola, LinnaAho, & Ruuhiala, 2008; Itier & Batty, 2009; Senju & Johnson, 2009b; von Grunau & Anston,
1995). This mechanism would enable faster processing of person’s intentions when they look
directly at an individual than when they look elsewhere (e.g., eye contact can initiate a friendly
interaction or a hostile one Argyle & Cook, 1976; Argyle & Dean, 1965; Argyle et al., 1974;
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Bailenson, Blascovich, Beall, & Loomis, 2001). And in doing so, one can more quickly decide
how best to respond.
Using a variant of a visual search task, this idea regarding direct gaze has been tested by
studying whether faces looking towards a viewer capture attention more quickly than faces that
look elsewhere (Doi & Ueda, 2007; Farroni, Csibra, Simion, & Johnson, 2002; Senju & Hasegawa,
2005; Senju & Johnson, 2009b; von Grunau & Anston, 1995). In a typical situation, participants
determine whether a target schematic face (e.g., a face looking either towards the viewer or
elsewhere) is present or absent among a set of distractor faces. Results show that participants are
faster and more accurate at detecting the presence or absence of schematic faces that look at them
than those that look elsewhere (Doi, Ueda, & Shinohara, 2009; Doi & Ueda, 2007; George et al.,
2006; Senju et al., 2005; Palanica & Itier, 2011; Senju, Kikuchi, Hasegawa, Tojo, & Osanai, 2008;
von Grunau & Anston, 1995).
Similarly, our attention could also be held longer by the eyes when a schematic face looks
directly at us than when it looks elsewhere. Gaze cueing paradigms have reported that when a face
cue exhibits direct gaze prior to the onset of a target, participants take more time to detect targets
then when the face's gaze is averted (Senju & Hasegawa, 2005); and this delay from direct gaze is
greater than when a face gazes in the opposite direction as the target (Vuilleumier, 2002). This
suggests that direct gaze attracts and retains attention at the cued location so that orienting attention
towards the target location is delayed.
When static photographs of faces are used in face detection tasks, other factors can
influence whether being looked at will capture one’s attention. In these tasks, participants are
presented with a face on a computer screen and are asked to make a judgement about the face via
button press (e.g., whether the face is male or female, whether the eyes are looking to the left or
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right). Viewers are often faster to make judgements about a face that looks directly at them than a
face that looks elsewhere (Macrae, Hood, Milne, Rowe, & Mason, 2002; Pageler et al., 2003;
Conty et al., 2007). However, the orientation of the face (Conty, Tijus, Hugueville, Coelho, &
George, 2006; George, Driver, & Dolan, 2001; Itier, Van Roon, & Alain, 2011; Itier, Villate, &
Ryan, 2007), the ethnicity/culture of a viewer (Blais et al., 2008; Jack, Blais, Scheepers, Fiset, &
Caldara, 2007), and the gender of the face and/or viewer (Vuilleumier, George, Lister, Armony,
& Driver, 2005) can influence whether direct gaze captures attention. Some work even finds that
viewers are actually slower to make judgments about faces that look at them than faces that look
elsewhere (Vuilleumier, George, Lister, Armony, & Driver, 2005). The reasons for these
inconsistent results in the literature are still unclear but they could be due to the use of slightly
different paradigms adapted to the different methodologies used (e.g. ERPs and eye tracking
in Itier, Alain, Sedore, & McIntosh, 2007; Itier, Villate, & Ryan, 2007; fMRI in Pageler et al.,
2003; strictly behavioral tests in Langton, 2000; Vuilleumier, George, Lister, Armony, & Driver,
2005) which in turn creates different top-down attentional sets that modify performance.
Using dynamic video displays, several eye tracking studies have found that while watching
videos, viewers spend more time looking at the faces of people that look at them than faces that
look elsewhere (Mojzisch et al., 2006; Wieser et al., 2009). Viewers who watched video sequences
in virtual reality also spent more time looking at characters that simulated eye contact than
characters that did not (Schrammel, Pannasch, Graupner, Mojzisch, & Velichkovsky, 2009).
Generally speaking, the research supports the idea that direct gaze displayed by people in
images and videos attracts attention. Consistent with the literature reviewed on the general
preferences to attend to the eyes, as well as the tendency to follow gaze, the effect of direct gaze
on attention seems to persist when more complex stimuli are used. That said, more research is
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needed to understand what factors are involved in whether direct gaze is attention grabbing in
naturalistic situations.

1.2.4

Section Summary
Our tendencies to attend to the eyes of others, where other people look, and others who

look at us, have been demonstrated consistently across a wide variety of laboratory-based tasks.
Importantly, in the main, these tendencies continue to occur when more naturalistic methods and
stimuli are applied. While these data are consistent with the idea that the eyes of others are
important attentional cues, the stimuli in these tasks are seldom real people. The viewer is typically
a passive observer of the people depicted in scenes and videos, rather than an active participant in
an interaction. During a live interaction, a participant can communicate to an observer and an
observer can communicate to the participant (Gobel, Kim, & Richardson, 2015; Hayward,
Voorhies, Morris, Capozzi, & Ristic, 2017; Jarick & Kingstone, 2015; Laidlaw et al., 2015;
Myllyneva & Hietanen, 2016; Nasiopoulos, Risko, & Kingstone, 2015; Risko et al., 2016a; Wu,
Bischof, & Kingstone, 2014). While the reviewed computer-based studies have assumed that the
eyes are generating attentional effects because they are a socially communicative cue, they have
done so without actually examining how people attend to the eyes of others in a truly socially
interactive context.
1.3

Eye gaze influencing attention in natural settings
There are studies that have used tasks that allow researchers to explore how people attend

to the eye gaze of others in contexts where the viewer could potentially interact with the people
around them. In contrast to the studies reviewed thus far, these studies indicate that in truly
interactive settings, the willingness to look at the eyes of others is not a given. Instead, the
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willingness to do so is dependent upon social norms. For example, there are plenty of situations
(e.g. an elevator, a waiting room) where people avoid looking at the eyes of others during a social
encounter (Cary, 1978; Foulsham, Walker, & Kingstone, 2011; Freeth et al., 2013; Gallup, Chong,
& Couzin, 2012; Gobel, Kim, & Richardson, 2015; Goffman, 1963; Gregory et al., 2015; Kuhn,
Teszka, Tenaw, & Kingstone, 2016; Laidlaw, Foulsham, Kuhn, & Kingstone, 2011; Laidlaw,
Rothwell, & Kingstone, 2016; Patterson, Webb, & Schwartz, 2002; Wesselmann, Cardoso, Slater,
& Williams, 2012; Wu, Bischof, & Kingstone, 2013; Wu et al., 2014; Zuckerman, Miserandino,
& Bernieri, 1983). Consistent with this idea, Laidlaw et al. (2011) compared an individual’s
tendency to look at another person in a waiting room, in a live and video condition. Participants
looked longer and more often at a person in a videotape than they did when the same person was
live. Likewise, Foulsham et al. (2011) found that people avoid looking at other nearby pedestrians
as they walk past. However, when the same participants watched videos of their walks in the lab
they were as likely to look at the pedestrians who were nearby as those who were far away. These
findings suggest that although people prefer to look at people in images, when a real person is
nearby people avoid looking at them.
There is also evidence to suggest that our tendency to follow the gaze of others in natural
environments depends on whether or not the viewer can be seen. For example, Gallup and
colleagues (2012a, b) hid a camera inside an object which was placed in a busy hallway. The
critical measure was whether pedestrians would be more likely to look at the object if someone
else was already looking at it. When pedestrians approached an individual from behind (when the
individual could not see them) they were more likely to look at the object than if no one had looked
at the object. However, pedestrians approaching the individual from the front were actually less
likely to look at the object than when no one had looked at the object at all. Thus, in the context
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most similar to the gaze cueing paradigm, where the eyes of the individual were fully visible, the
pedestrians were actually less likely to follow gaze. This suggests that one’s likelihood of
following gaze in a natural context is moderated by whether or not the pedestrian believes that
they can be easily seen, and whether or not the potential for interaction under these conditions is
high (i.e., facing one another). The results of Gallup and colleagues (2012a,b), Foulsham and
colleagues (2011), and Laidlaw and colleagues (2011) suggest that people avoid looking at other
people and their eyes in more natural settings where they could potentially interact with them. This
lies in stark contrast with the idea, generated in laboratory studies when images of people are used
as stimuli, that people have a strong preference to attend to people and their eyes.
Perhaps these discrepancies are not that surprising since studies from laboratories and
natural contexts differ in a number of important ways that could influence social attention. Firstly,
in the lab, most participants are presented with photos and videos of people that they cannot
interact with. Even in lab-settings, people respond differently when they see people in photographs
and in person (Hietanen et al., 2008; Itier & Batty, 2009; Pönkänen, Alhoniemi, Leppänen, &
Hietanen, 2011; Pönkänen, Peltola, & Hietanen, 2011; Risko, Laidlaw, Freeth, Foulsham, &
Kingstone, 2012; Schilbach et al., 2013; Teufel, Fletcher, & Davis, 2010). For example, being
looked at by someone can generate neurological activity associated with approach behaviors
(presumably reflecting one’s processing of a potential interaction), but only when the person is
real (Hietanen et al., 2008; Pönkänen, Alhoniemi, et al., 2011; Pönkänen, Peltola, et al., 2011).
Thus, eye gaze effects are at least partially dependent on whether or not you can interact with the
person you are looking at. It follows that studies that use live people or imply the presence of
others may better assess how a potential social interaction contributes to social behaviour (De
Jaegher, Di Paolo, & Gallagher, 2010; Risko et al., 2012; Schilbach, 2010).
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Second, in natural settings, social norms, rather than the investigator, dictate whether
looking at someone is appropriate or not (Laidlaw et al., 2011; Risko & Kingstone, 2011; Wu et
al., 2014; Wu et al., 2013; Goffman, 1963). Participants in most lab-based tasks are instructed by
the investigator to look at the stimuli (i.e., people) that are presented on a computer screen.
Consistent with this idea, when participants are instructed not to look at the eyes in a computer
task, they do not look at them as much even though they will still occasionally glance at the eyes
(Kuhn et al., 2008; Laidlaw et al., 2012). Even in real life it seems that most people will
occasionally look at other people (e.g., when the other person is unlikely to notice being looked
at) even when it may be inappropriate to do so (Foulsham et al., 2011; Gallup, Hale, et al., 2012;
Gallup, Chong, et al., 2012).
There are, of course, many natural contexts where it is socially acceptable to look at other
people (e.g., sharing lunch with a friend, or simply observing people as when watching actors in a
play or delivering a lecture to students). With regards to the potential for interaction, these studies
are analogous to the laboratory studies. Research suggests that in these contexts people do look at
one another (Freeth et al., 2013; Kuhn & Tatler, 2005; Tatler & Kuhn, 2007; Wu et al., 2014; Wu
et al., 2013). In a live setting where people are asked to watch a magic trick, people will follow
the gaze of a magician (Kuhn & Tatler, 2005; Tatler & Kuhn, 2007). In fact, participants seemed
unable to avoid looking at and following the eyes of the live magician, even when they had been
instructed not to. Interestingly, while watching a video of the magician’s trick, participants could
easily prevent themselves from following the magicians gaze when they were instructed not to.
These studies suggest that when it is socially acceptable to look at the eyes, the attentional effects
of the eyes might even be stronger when a person is real. In a more interactive context, Freeth et
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al. (2013) monitored the eye movements of individuals as they were interviewed by an investigator
in person or over video. Participants looked at the interviewers more while the interviewer made
eye contact than when they looked elsewhere. However, this was not true when the investigator
simulated eye contact over video. Thus, seeing someone look at you in a live setting (i.e.,
establishing eye contact) can capture your attention (Freeth, Foulsham, & Kingstone, 2013a;
Patterson et al., 2007; Patterson et al., 2002) which is consistent with findings from lab studies
(Conty et al., 2007; Doi et al., 2009; Doi & Ueda, 2007; George & Conty, 2008; George et al.,
2006; Itier, Villate, et al., 2007; Palanica & Itier, 2011; Senju et al., 2005, 2008; von Grunau &
Anston, 1995).
Perhaps most convincingly, Wu et al. (2013; 2014) found that while participants ate
together, people tended to look at each other while they ate (even though they would look away
when the other person was about to take a bite of food). When people ate alone, they tended to
look at their food. Interestingly, pairs who talked with each other more also looked at each other
more. Taken together, the results suggest that when people are interacting with each other it is the
social norm to look at each other; and that in these contexts, people do look at the eyes of others
which is consistent with findings in laboratory settings.
1.3.1

Section Summary
The concerns regarding the ecological validity of using images of people instead of real

people while studying social behaviour have encouraged social attention researchers to study
attentional behaviour in response to real people in more natural settings. The key difference
between the images and the live interaction with real people is that in a live interaction there is a
two-way dialogue: a participant can communicate signals to an observer and the observer can
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signal to the participant (Conty, George, & Hietanen, 2016; Gobel, Kim, & Richardson, 2015;
Jarick & Kingstone, 2015; Myllyneva & Hietanen, 2015, 2016; Nasiopoulos, Risko, & Kingstone,
2015; Risko & Kingstone, 2015; Risko et al., 2012; Risko, Richardson, & Kingstone, 2016).
Moreover, the attentional behaviors and associated neural mechanisms while interacting with a
real person, who can interact with you, appear to be fundamentally different than those exhibited
while viewing an image of a person. Studies of interactions that are closer approximations to what
one might encounter in real life have revealed that attentional behaviours in response to another’s
eye gaze are actually much more complex than was previously assumed and are influenced by
socially communicative context that differs between the lab and real life.

1.4

Eye gaze influencing memory in computer-based tasks

1.4.1

Preferential attention to the eyes in face recognition tasks
People prefer to attend to the eyes of faces that are presented in laboratory based memory

tasks (Walker-Smith, Gale, & Findlay, 1977; Henderson, Williams, & Falk, 2005), and this
preference to look at the eyes may actually help a viewer remember a face (Adolphs et al., 2005;
Gosselin & Schyns, 2001; Henderson, Falk, Minut, Dyer, & Mahadevan, 2001; Henderson et al.,
2005; Laidlaw & Kingstone, 2017; Mckelvie, 1976; Schyns, Bonnar, & Gosselin, 2002; Vinette,
Gosselin, & Schyns, 2004). For example, when participants are asked to study different faces for
a later memory test, participants will spend most of their time looking at the eyes of faces and
relatively little time looking at any other features on the face (Henderson, Williams, & Falk, 2005).
The same is true during the recognition portion of these tasks. Importantly, if participants are
explicitly told that they will be asked whether they recognize these faces after they finish studying
them, then participants will spend even more time looking at the eyes while they study the faces
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than when they are not explicitly told about the upcoming recognition test (Henderson, Falk,
Minut, Dyer & Mahadevan, 2001). This latter finding lends support to the idea that people look at
the eyes of others during these tasks for the purpose of encoding and remembering faces, rather
than simply because attention is drawn to the eye region because of its saliency (Althoff & Cohen,
1999; Luria & Strauss, 1978; Mertens, Siegmund, & Grüsser, 1993).
Since the eyes are looked at so frequently during these recognition tasks, researchers
suspected that the eyes could be more important than other facial features for remembering faces.
Researchers have tested the importance of the eyes relative to other facial features, by hiding or
removing the eye region of a face presented either during the encoding or recognition phase of
recognition tasks. When the eyes of a face are hidden, participants are less likely to remember
seeing a face than when a different feature was missing (Gosselin & Schyns, 2001; Haig, 1986;
Mckelvie, 1976), which supports the idea that the eyes are more important for face recognition
than other facial features. These findings converge with recent evidence that relative to other facial
features, eyes improve the identification (Caldara et al., 2005), detection (Lewis & Edmonds,
2003) and discrimination of faces (Schyns et al., 2002; Vinette et al., 2004).

1.4.2

Eye gaze direction and memory for faces and semantic information
The people who are most likely to interact with us are usually those with whom we make

eye contact (Argyle & Dean, 1965; Itier & Batty, 2009; Kampe, Frith, & Frith, 2003; Myllyneva
& Hietanen, 2015). Given that being looked at by someone is such a salient attentional cue and
that people who look at us are preferentially attended, it is likely that recognition is also enhanced
for faces that look at us than those that look elsewhere. Indeed, relative to averted gaze, direct gaze
facilitates the identification, recognition, and perception of people's faces in simple recognition
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tasks (Farroni et al., 2002; Hood, Macrae, Cole-Davies, & Dias, 2003; Laidlaw & Kingstone, 2017;
Mason, Hood, & Macrae, 2004; Smith, Hood, & Hector, 2006). For example, faces that display
direct gaze are more memorable than faces that look elsewhere (Hood, Macrae, Cole-Davies, &
Dias, 2003; Macrae et al., 2002; Mason et al., 2004; Smith et al., 2006). That said, it is unclear
whether these findings persist in more complex recognition tasks (Daury, 2009, 2011). Moreover,
sometimes memory is only improved for faces that are oriented a certain way (Vuilleumier et al,
2005), or are observed for one gender and not the other (Vuilleumier et al, 2005; Goodman, Phelan
& Johnson, 2012).
Interestingly, some research suggests that gaze related face processing benefits can extend
beyond facial information to semantic information. That is, people can more easily process
information (i.e., letter and number strings) when it has previously been associated with a face that
appears to be looking at them (Falck-Ytter, Carlström, & Johansson, 2014; Fry & Smith, 1975;
Kelley & Gorham, 1988; Macrae et al., 2002). Macrae and colleagues (2002) presented
participants with faces that either looked at them or away from them, followed by a string of letters.
The participants' task was to indicate whether the letter string was a word or not. Critically, the
participants were faster to correctly categorize letter strings as words when they were primed by a
face that looked towards them rather than away from them. This study represents an important step
in the field because it is the first study to suggest that when someone looks at us directly relative
to when they look elsewhere, it can enhance processing for information that is not directly tied to
the face or eyes.
Dodd, Weiss, McDonnell, Sarwal and Kingstone (2012) extended the idea that eye gaze
could improve memory for semantic information by examining how averted gaze, rather than
direct gaze, could influence memory for semantic information. Given how important gaze
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following is as an attentional cue, it is perhaps surprising that only one study has examined whether
following another’s gaze, which has been well documented in attention literature, can influence
memory. Based on the findings that people pay attention to objects that someone else looks at,
Dodd et al. reasoned that an object would also be more memorable if someone looked at it than if
someone had not. To explore this idea, they used a typical gaze cueing paradigm where a schematic
face looked either to the right or left side of the screen and words would appear in either the
location that the face was looking at or in the opposite location. Rather than requiring participants
to detect the word once it appeared on the screen, they were instructed to simply memorize the
words for a later memory test. After completing all of the trials, participants were given 5 minutes
to recall as many words as possible. In the first experiment, gaze direction had no effect on memory
for words.
However, in Dodd et al.'s first experiment, the words remained on the screen for a relatively
long time (i.e., 1000 ms). Gaze cues are known to affect attention very early after an item is
presented (Friesen & Kingstone, 1998) and the observed attentional benefits of gaze cues are
greatly reduced or eliminated when items are left on the screen for more than 100 ms following a
gaze cue. Thus, presenting the word on screen for a relatively long time in Experiment 1 may have
eliminated the effect that eye gaze had on attention, and any subsequent memory benefits, which
would have been apparent had the words been presented on screen for less time. Indeed, in a second
experiment, that was identical to the first experiment, except that words were now only left on the
screen for 250 or 500 ms, participants were more likely to remember words that had been looked
at. These findings were replicated in a third experiment, both when participants believed they were
performing a memory task and when they believed they were performing a target detection task.
Finally, the observed memory benefit appears to be specific to gaze cues as there was no memory
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effect when an arrow cue was used in place of a gaze cue in a fourth experiment. Taken together,
this series of studies suggest that eye gaze can modify memory for semantic information. However,
it should be noted that the authors primarily attributed the memory effect to a decrement in memory
for words that were not looked at/attended rather than an enhancement in memory for words that
were looked at/attended. Thus, when someone’s eyes direct our attention away from and object, it
becomes less memorable.
In contrast, other research suggests that a benefit of being looked at could be exclusive to
faces, rather than a more general processing benefit of any information presented while someone
appears to look at you (Conty, Gimmig, Belletier, George, & Huguet, 2010). The idea here is that
eye contact automatically captures attention, and as such, cognitive resources are dedicated to
processing eye gaze rather than processing other information that has been presented at the same
time. According to this idea, participants should have more difficulty processing information that
is presented at the same time as eyes that look towards them than eyes that look elsewhere. To test
this idea, Conty et al. used a variant of the Stroop paradigm where participants are asked to identify
the color of the ink that a word is written in. Critically, the words could be presented with a set of
eyes that looked towards the participant, looked away from the participant, or were closed.
Participants in these tasks typically take longer to identify the colour of a word that represents a
different colour than the ink it was written in (e.g., the word GREEN written in blue ink) than
when the word and the colour of ink represents the same colour (e.g., the word GREEN written in
green ink) or the word is neutral regarding the colour of the ink (e.g., the word HOUSE written in
green ink). This effect is known as Stroop interference. Consistent with the idea that being looked
at by someone captures attention, participants showed more Stroop interference during the task
when a set of eyes looked towards the participant than when the eyes were closed, or looking
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elsewhere. This occurred despite being told that the eyes were not useful for completion of the task
and that they should be ignored. In contrast to the finding that being looked at helps one process
information not directly related to the face (Macrae et al., 2002), the finding here suggests that
one's ability to process general information is hindered while being looked at. It is likely that
methodological differences between these tasks could account for the conflicting results. In
Macrae et al. (2002) eye gaze was presented just before the words whereas in Conty et al (2010)
the eye gaze and words were presented simultaneously. It is possible that when direct eye gaze
precedes information it acts as signal to pay attention thereby facilitating processing of subsequent
information (Csibra & Gergely, 2009). However, when direct eye gaze is presented at the same
time as other information, direct gaze may compete for attentional resources and thus hinder the
selection and processing of the information (Conty, Gimmig, et al., 2010).

1.4.3

Section Summary
Almost all of the research on eye gaze direction and memory has focused on how people

remember faces that display direct and averted gaze, with a few notable exceptions. For example,
people remember objects better when a schematic face has previously looked at these objects
(Dodd et al., 2012) and people remember words better when a face-image looks at them just before
the words are presented (Macrae et al., 2002). Although these findings are consistent with
numerous laboratory studies that suggest people preferentially attend to objects that other people
look at, our ability to generalize the present findings is limited. Unlike laboratory studies of
attention that make use of a wide array of stimuli that vary in complexity, nearly all of the studies
reviewed have relied on the use of static images of faces (with the exception of one study,
Humphrey & Underwood, 2010), and no research to date has examined whether being looked at
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or not plays an important role in the memory of complex static and dynamic images. Thus, while
the reviewed findings are promising, there is a substantive gap in understanding whether the eyes
will also play an important role in the memory when the gaze is delivered by stimuli that more
closely approximate a real person.

1.5

Eye gaze influencing memory in natural settings
In stark contrast to laboratory studies, the research that has been conducted in natural

contexts has focused more on whether a speaker’s eye gaze could influence memory for what a
speaker says, rather than what a person looks like. Importantly, this work has been conducted
entirely in contexts where the social norm, either explicitly or implicitly, has encouraged observers
to look at the speaker. Generally speaking, the finding from laboratory studies that direct gaze
helps one remember semantic information (Dodd et al., 2012; Macrae et al., 2002) appears to
extend to contexts where information is presented verbally by live speakers who make periodic
eye contact with an audience (Fullwood & Doherty-Sneddon, 2006; Helminen, Pasanen, &
Hietanen, 2016; Otteson & Otteson, 1979; Sherwood, 1987). For instance, Otteson and Otteson
(1979) observed that male children whose teacher looked at them while reading a story
remembered the story better than children who were not looked at. Sherwood (1987) also
demonstrated that learning could be enhanced in a classroom when live instructors made eye
contact with members in the audience, but not when the instructor is presented over video. In an
experiment by Fullwood and Doherty-Sneddon (2006), participants remembered more information
when speakers gazed into the camera (to simulate eye contact) than speakers who looked away
from the camera. In a similar study with a live storyteller, male participants remembered more
details from a story told by a male storyteller who looked at them relative to a story teller who
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looked away, but female participants did not (Helminen et al., 2016). The general interpretation of
these findings is that when eye contact accompanies information it serves to signal one’s intent to
communicate important information that requires attention (Csibra & Gergely, 2009; Duncan &
Niederehe, 1974; Duncan, 1972; Kampe, Frith, & Frith, 2003; Senju & Johnson, 2009; though see
Helminen, Pasanen, et al., 2016, for an alternative account whereby physiological arousal mediates
the relationship between eye gaze and memory).

1.5.1

Section Summary
At first blush, the research from natural settings seems to suggest that eye contact enhances

the processing and retention of information. However, as alluded to previously, this conclusion is
contradicted by other laboratory research suggesting that eye contact actually hinders performance
in some contexts (Beattie, 1981; Conty, Gimmig, Belletier, George, & Huguet, 2010; Nemeth,
Turcsik, Farkas, & Janacsek; 2013). For example, Conty et al. (2010) found that displaying images
of faces that looked toward a participant interfered with their performance on a standard cogntive
interference task, whereas faces that displayed averted gaze did not. These studies support the idea
that eye contact is a source of distraction that draws on attentional and other cognitive resources
(Goldfarb et al., 1995; Nemeth et al., 2013), and as a result, information associated with eye
contact is processed and subsequently remembered less.
To reconcile these contradictory findings, it plausible that the timing of when eye contact
is made is of critical importance. For example, when eye contact is made just before information
is presented (Falck-Ytter, Carlström, & Johansson, 2014; Fry & Smith, 1975; Kelley & Gorham,
1988; Macrae et al., 2002), then eye contact may act as a signal to pay attention, which leads to
enhanced information processing. In contrast, when eye contact is made while information is
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presented, it may compete for attentional resources that would otherwise be dedicated to
processing the information (Conty, Gimmig, et al., 2010; Helminen et al., 2016; Nemeth et al.,
2013).
While this proposal is interesting, there are more profound issues to be addressed first,
particularly when considering studies involving live speakers, for these investigations have not
actually measured and/or systematically manipulated when a given participant actually
experiences eye contact with the investigator. For example, in past studies listeners are normally
exposed to either a speaker who never made eye contact with any listener in an audience or one
who periodically made eye contact with some undefined subset of listeners (Fullwood & DohertySneddon, 2006; Helminen, Pasanen, & Hietanen, 2016; Otteson & Otteson, 1979; Sherwood,
1987). As such, it is unclear how much eye contact a listener actually makes with a speaker (if
they experience any eye contact at all). It is also unclear whether the specific information that
listeners recalled was actually the information that was presented when the speaker looked at
them2.
Although studies from both laboratories and natural settings converge on the general
finding that eye gaze direction may modulate memory, it seems that previous work has been
limited by the failure to establish a paradigm that is controlled enough to study the effect of eye
gaze, without compromising the signals that eye contact provides in a natural setting. Laboratory

2

In one instance the researchers confirmed that listeners looked at a speaker who never made eye
contact during a story or one who periodically made eye contact (Helminen, Pasanen, & Hietanen,
2016). However, the speaker’s eye contact was not systematically controlled throughout the story
nor was it monitored, and because of this it is not possible to determine whether the specific
information that listeners recalled was actually the information that was presented when the
speaker looked at them.
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investigations have used rigorous paradigms to demonstrate that the human memory system is
highly sensitive to the eye gaze of others. However, the socially communicative function of eye
gaze has been constrained in these studies since they have relied entirely on images of people to
test the effect of gaze on memory. Our ability to generalize these laboratory findings to settings
where eye contact is made between real people is limited, since the socially communicative signals
conveyed through eye contact are not present with images, and the communicative component
may very well have different effects on memory. Though the effects of eye gaze on memory have
been explored in natural settings, where eye contact is socially communicative, these
investigations have not been rigorous enough to provide firm conclusions with respect to the
question of the effect of eye contact and gaze direction on memory. Investigations that bridge the
gap between the research conducted in laboratories and in natural settings will be beneficial for
determining whether, and if so how, socially communicative eye contact and gaze direction
modulates memory.
1.6

Thesis Overview
The goal of this dissertation is to explore and clarify whether socially communicative gaze

(e.g., eye contact) can enhance memory for spoken information, by using a rigorous paradigm that
directly tests this issue. The review presented in Chapter 1 highlights the disconnection that exists
between the investigations that explore how eye gaze affects memory in the laboratory and in
natural settings. Through this review, it is apparent that studies that rely on the collective strengths
of laboratory studies and investigations from natural settings may clarify how eye gaze affects the
human memory system in socially communicative contexts. This thesis reports a series of studies
that manipulate the socially communicative eye gaze of a live speaker in the context of a traditional
recognition paradigm used frequently in the laboratory. Through this investigation, I hope to gain
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insight into how socially communicative eye gaze influences human memory. Specifics regarding
this research are briefly summarized below.
The first two chapters (Chapters 2 and 3) test the assumption that socially communicative
aspects of eye gaze may impact human memory, with Chapter 2 establishing that socially
communicative eye contact does influence verbal memory. A female or male investigator read
words aloud and varied whether eye contact was, or was not, made with a participant 3. With both
female and male investigators, eye contact improved word recognition only for female
participants. This suggests that females are more attentive to nonverbal behavior than males. The
reasons for this gender difference are then explored. Chapter 3 reveals that socially communicative
aspects, rather than perceptual aspects, of eye gaze are critical for improving memory. This was
done by replicating key aspects from the previous experiments in a non-communicative situation
(i.e., when a video of a speaker is used instead of a live speaker). Under these conditions, the
memory improvements that were observed previously in response to socially communicative eye
gaze are eliminated. Together, these chapters suggest that it is the socially communicative aspects
of eye gaze that drive the memory enhancement.

Gender is only one of many factors that could modify the impact that a speaker’s eye gaze has
on memory. Indeed, there are many cultural (e.g., Blais et al., 2008; Jack, et al., 2007; Knapp, Hall,
& Horgan, 2009; Patterson et al., 2007) and individual differences (e.g., Dawson, et al., 1998;
Freeth, Foulsham, & Kingstone, 2013) that are known to influence how individuals pay attention
to the eyes of others. Given how these factors influence attention, it is probable that these factors
might also affect memory in response to eye gaze as well. While the present work does not examine
cultural or individual differences as they relate to eye gaze related memory effects, this is most
certainly a promising, and necessary, line of investigation for a future program of research.
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There are many different social signals that co-occur with eye gaze. The next three chapters
(Chapters 4-6) examine which communicative signals may be responsible for producing the
previously observed memory effects in female participants.
Chapter 4 resolves whether eye contact improves memory performance or averted gaze
reduces it. This chapter also dissociates a speaker’s eye contact from an anticipatory head
movement. While reading the words in person (Study 5) or via skype (Study 6) to two participants,
the investigator alternated making eye contact with one participant and then the other or looked
down and away from both participants (baseline condition). Two important findings emerged.
Word recognition improves when a participant makes eye contact with the investigator. Moreover,
when all individuals are in the same room (Study 5) word recognition is worse than baseline for
the participant for whom eye contact is not made. It is eye contact, and not merely perceiving a
head-lift that improves memory; and interestingly 'social exclusion' (i.e., eye contact being made
with someone else) may hinder it. Further, both of these memory effects can be generated merely
by the belief that eye contact is being made over skype.
While eye contact is a special attentional cue, it is not the only socially communicative cue.
Chapter 5 examines whether other socially communicative signals, both non-verbal and verbal,
can also modulate memory. The findings indicate that they can. In Study 7, the investigator read
words aloud to two participants while alternating between pointing at either of the participants
(without eye contact), or at neither participant (baseline condition). In Study 8, the investigator
called out the name of either participant, or neither participant, before reading a word from a list.
Results indicate that participants performed best on the recognition task when words were
previously read by an investigator pointing at them or saying their name, and worse when the
investigator pointed at or called out the name of the other participant. These findings demonstrate
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that the memory effects reported in the previous studies are not specific to eye gaze, and suggest
that the key is that the cue be perceived to signal that the spoken information is for a particular
participant (i.e., the cue is referential).
Chapter 6 tests the idea that a non-gaze referential cue could elicit memory benefits in male
participants who may have struggled to process eye gaze rather than the referential signal. Recall
in Chapter 1, females but not males, showed memory benefits from eye contact. In Study 9 male
participants were read aloud words by an investigator who either pointed at the participant, or did
not point (baseline), before reading a word. Male participants displayed a memory benefit for
words accompanied by pointing. This finding indicates that, unlike eye gaze, a different referential
cue (i.e., pointing) can elicit verbal memory benefits in males. This converges with a growing body
of research suggesting that eye gaze is processed differently by men than other referential cues.
Chapter 7 presents a general discussion of the findings in this thesis, with particular focus
on the issue of eye gaze and its’ impact on memory. Future research directions are also considered.
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Chapter 2: Does eye contact facilitate memory for verbal information?
Researchers have explored how people attend to the eyes of others via laboratory studies.
Using different tasks (e.g., free viewing; Birmingham et al., 2008a, 2009a; Foulsham et al., 2010;
Foulsham & Sanderson, 2013; Gustav Kuhn et al., 2009; Mojzisch et al., 2006; Schrammel et al.,
2009; Walker-Smith et al., 1977; Yarbus, 1967; attentional cueing; Driver et al., 1999; Friesen &
Kingstone, 1998, 2003; Kuhn et al., 2014; Langton & Bruce, 1999; Palanica & Itier, 2011; Rensink
& Kuhn, 2015; Ristic, Friesen, & Kingstone, 2002; Senju & Hasegawa, 2005; Vuilleumier, 2002;
Wiese et al., 2012; Wykowska et al., 2014; Zwickel & Võ, 2010; visual search; Doi, Ueda, &
Shinohara, 2009; Doi & Ueda, 2007; Nathalie George et al., 2006; Senju et al., 2005; 2008;
Palanica & Itier, 2011; von Grunau & Anston, 1995; and face detection; Conty et al., 2007, 2006;
Itier, Van Roon, & Alain, 2011; Itier, Villate, et al., 2007; Macrae et al., 2002; Pageler et al., 2003;
Vuilleumier et al., 2005) and a variety of stimuli (e.g., images of faces; Laidlaw et al., 2012;
complex scenes; Birmingham et al., 2008a, 2009a; Vuilleumier et al., 2005; and dynamic videos,
Foulsham et al., 2010; Foulsham & Sanderson, 2013; Kuhn et al., 2014; Wykowska et al., 2014),
these studies show that people prefer to look at the eyes over any other feature on the face
(Birmingham et al., 2008; 2009; Laidlaw, Risko, & Kingstone, 2011; Levy, Foulsham, &
Kingstone, 2012) and that individuals are extremely sensitive to the signals they convey (e.g.,
people attend to where other people look, especially when they look at them, Conty, N’Diaye,
Tijus, & George, 2007; Doi & Ueda, 2007; Freeth, Foulsham, & Kingstone, 2013; George,
Hugueville, Conty, Coelho, & Tijus, 2006; Senju, Hasegawa, & Tojo, 2005; Senju & Johnson,
2009b; von Grunau & Anston, 1995; Vuilleumier, George, Lister, Armony, & Driver, 2005). More
recently, researchers have asked similar questions about how we attend to the eyes in more natural
settings, where the stimuli are live people instead of images (Foulsham, Walker, & Kingstone,
29

2011; Freeth, Foulsham, & Kingstone, 2013; Gallup, Hale, et al., 2012; Gallup, Chong, & Couzin,
2012; Gallup, Chong, Kacelnik, Krebs, & Couzin, 2014; Gobel, Kim, & Richardson, 2015; Gustav
Kuhn & Tatler, 2005; Gustav Kuhn, Teszka, Tenaw, & Kingstone, 2016; Gustav Kuhn, Tatler,
Findlay, & Cole, 2008; Laidlaw, Foulsham, Kuhn, & Kingstone, 2011; Laidlaw, Rothwell, &
Kingstone, 2016; Patterson et al., 2007; Patterson, Webb, & Schwartz, 2002; Risko, Laidlaw,
Freeth, Foulsham, & Kingstone, 2012; Tatler & Kuhn, 2007; Wesselmann, Cardoso, Slater, &
Williams, 2012; Wu, Bischof, & Kingstone, 2013; Wu, Bischof, & Kingstone, 2014; Zuckerman,
Miserandino, & Bernieri, 1983). These studies reveal that the way people respond, both
behaviorally and neurologically, to a real person that they can interact with is often entirely
different than the way they attend to an image of a person. For instance, in socially communicative
settings where interactions with live people can occur, people will only look at one another if it is
socially acceptable to do so and will avoid looking at one another if it is not.
While these concerns regarding the ecological validity of attention to social stimuli may
also apply to memory for social stimuli, images of people are used as stimuli in most of the work
investigating how eye gaze affects memory. Some of these studies report that memory for an image
of face (Hood, Macrae, Cole-Davies, & Dias, 2003; Macrae et al., 2002; Mason et al., 2004; Smith
et al., 2006) and for words (Falck-Ytter, Carlström, & Johansson, 2014; Fry & Smith, 1975; Kelley
& Gorham, 1988; Macrae et al., 2002) is improved when these stimuli are associated with direct
gaze (though see, Beattie, 1981; Conty, Gimmig, Belletier, George, & Huguet, 2010; Nemeth,
Turcsik, Farkas, & Janacsek, 2013). In the rare investigations that have used live people as stimuli,
a speaker’s eye contact has been associated with improved memory for what the speaker has said
(Fullwood & Doherty-Sneddon, 2006; Helminen, Pasanen, & Hietanen, 2016; Otteson & Otteson,
1979; Sherwood, 1987). For instance, Sherwood (1987) suggested that learning could be enhanced
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in a classroom when instructors made eye contact with members in the audience. The research
using images and live people as stimuli seems to indicate that eye contact enhances the processing
and retention of information. However, other laboratory research suggests eye contact may
actually hinder performance (Beattie, 1981; Conty, Gimmig, Belletier, George, & Huguet, 2010;
Nemeth, Turcsik, Farkas, & Janacsek; 2013) consistent with the notion that eye contact draws
attention and other cognitive resources away from the task at hand (Goldfarb et al., 1995; Nemeth
et al., 2013). Furthermore, a basic limitation of past studies using live speakers is that researchers
have generally not measured, but only assumed, that a given participant actually experienced eye
contact with the investigator. As such, it remains unclear whether mutual eye contact actually
enhances or hinders memory for verbal information. What is needed is a paradigm that is controlled
enough to study the effect of eye gaze, without compromising the signal that eye contact provides
in a natural setting (Conty et al., 2016; Helminen, Pasanen, & Hietanen, 2016; Jarick & Kingstone,
2015; Myllyneva & Hietanen, 2015; Nasiopoulos et al., 2015; Risko & Kingstone, 2015; Risko et
al., 2016). The goal of the present work is to develop a rigorous paradigm that would avoid this
limitation and enable one to investigate whether eye contact enhances or hinders memory for
spoken information.
As previous laboratory work has successfully measured other gaze related memory effects
using recognition tests (e.g., gaze cuing to visual word stimuli presented on a computer screen,
Dodd et al., 2012; Falck-Ytter, Carlström, & Johansson, 2014; Fry & Smith, 1975; Hood, Macrae,
Cole-Davies, & Dias, 2003; Kelley & Gorham, 1988; Macrae, Hood, Milne, Rowe, & Mason,
2002; Mason, Hood, & Macrae, 2004; Smith, Hood, & Hector, 2006), the studies presented in this
and subsequent chapters will use a variant of these classic recognition tasks. The basic
methodology is as follows. In an initial study phase, a participant will be seated across from an
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investigator who reads words out loud. Critically, before the investigator reads each word s/he will
either look up to make eye contact with the participant or keep gaze down at the computer screen
to avoid eye contact. Afterwards, the participant will perform a recognition test containing the
words studied with eye contact, the words studied without eye contact, and new words. The key
dependent measure will be recognition accuracy. During the study, and in order to systematically
control what information is presented with eye contact, a laptop computer screen, that is only
visible to the investigator, will indicate the word to be read aloud and instructions on whether or
not to make eye contact with the participant on a given trial. Participants will also be instructed to
make eye contact with the investigator during the experiment and to look at the investigator’s eyes
if making eye contact is not possible (i.e., the investigator was looking down at the screen rather
than at the participant). The investigator will monitor whether the participant makes eye contact,
and participants who fail to make eye contact throughout the experiment will be excluded. In
previous work, direct eye gaze has enhanced and hindered memory performance, so the effect that
gaze could have in the present studies was very much an open question.
As noted previously, gender has been suggested as a modulating factor in the effect of eye
gaze. Often eye contact helps all participants recognize a face, regardless of the their gender (Hood
et al., 2003; Macrae et al., 2002; Mason et al., 2004; Smith et al., 2006). However, sometimes
memory is only improved for faces that are the same gender as the participant (Vuilleumier et al,
2005). Further, in some contexts one gender will benefit from eye contact, but the other will not
(e.g., Goodman, Phelan, & Johnson, 2012; Otteson & Otteson, 1979). Finally, researchers have
observed gender differences in how attentive participants are to the eyes (Connellan et al., 2000;
Lutchmaya et al., 2002a) and the nonverbal signals of others (Hall, 1978; McClure, 2000;
Rosenthal et al., 1979), as well as how responsive participants are to these signals (e.g., females
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maintain more distance between themselves and a virtual agent that makes eye contact than males;
Bailenson et al., 2001; Bayliss et al., 2007). Despite this, gender has seldom been systematically
controlled as a factor that could influence how eye gaze affects performance. The experiments
reported in Chapter 2 use either a female (Studies 1 and 3) or a male (Study 2) investigator who
looks at male and female participants. This experimental set up has the added benefit of permitting
an examination of whether gender will influence any observed eye gaze induced memory effects.

2.1

Study 1: Gender specific memory effects arise from eye contact
It is currently unclear whether socially communicative eye contact helps or hinders

memory. To determine this, the studies presented in this chapter manipulated whether an
investigator reading words aloud made eye contact with a participant or not and determined how
this manipulation affected word recognition. The effect of direct eye gaze on performance has
yielded mixed results, and so in the initial study it was unclear what direction the results would
take. If the investigator’s eye contact is helpful when a participant encodes information, then
recognition performance would be best for words spoken while the investigator made eye contact.
Alternatively, if the investigator’s eye contact interferes with encoding, recognition performance
would be worse for words spoken while the investigator made eye contact with the participant.
Since the gender of both participants’ and the gaze cue (e.g., investigator) have been reported to
modulate the effect of gaze on memory, this factor was systematically manipulated across the
studies reported in this Chapter. In Study 1, the investigator was female.
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2.1.1

Method
Participants. Eighty-four undergraduate students from the University of British Columbia

(42 males, 42 females) received course credit for participating. All reported speaking English as
their first language. All had normal or corrected to normal vision and were naive about the purpose
of the Experiment. Participation was not restricted to a particular cultural or ethnic group, nor
limited based on residence in a Western culture. As a result, the participants represented a diverse
range of cultural and ethnic backgrounds. Based on the lack of available information about the
participant’s specific ethnicities, analyses relating to ethnicity or cultural differences were not
possible in this study or any subsequent studies.
Design. A 2 (Investigator gaze: eye contact and no eye contact) by 2 (gender: male and
female) mixed design was used, where investigator gaze was manipulated within participant and
gender was a between-participant variable.
Apparatus. E-Prime 2.0 (www.pstnet.com) controlled the timing and presentation of
stimuli read aloud by the investigator to the participant and logged response accuracy and RTs.
The stimuli were presented on a 17-in. monitor with a 1920 x 1080 pixel resolution.
Stimuli. The stimulus pool consisted of the 120 words from Macdonald and Macleod
(1998). The words were nouns from 5 to 10 letters long, with frequencies greater than 30 per
million (Thorndike & Lorge, 1944). The list of words is provided in Appendix A.
From the 120 words, three lists containing 40 words each were randomly generated. For a
given participant two lists were selected for study; one list was presented with eye contact and the
other list without. The third list was reserved for a recognition test. List selection was
counterbalanced across participants such that each word was presented in each of the different
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conditions (i.e., with eye contact, without eye contact, new words for recognition) an even number
of times across participants.
Procedure. Participants learned words for a later memory test. During the initial encoding
phase, participants were seated ~40 in. across from a female investigator who read aloud words
individually. Critically, while the investigator read the words she either looked up to make eye
contact briefly (less than a second) with the participant or kept gaze down at the computer screen
to avoid eye contact. Eighty words total were read aloud in random order to the participants, half
of which were presented with eye contact and the other half without. For a depiction of the
encoding phase experimental setup, please refer to Figure 2.1 a.
A laptop screen that was only visible to the investigator indicated when a word was to be
read aloud and provided instructions on whether or not to make eye contact with the participant on
a given trial. To begin each trial, a blank screen appeared for 1500ms. Next, the instruction to look
up at the participant or look down at the laptop was presented to the investigator. After 1000 ms a
word also appeared and remained on screen for 3000 ms. As soon as the word appeared on screen,
the investigator would then look as instructed either toward the participant or down at the computer
screen as she read the word aloud. Next, a blank white screen would appear for 500 ms to alert the
investigator of the end of the trial. The words and eye contact instructions were randomly
intermixed. Participants were also instructed to make eye contact with the investigator during the
experiment and if making eye contact was not possible (i.e., the investigator was looking down at
the screen) to look at the investigator’s eyes. This way eye contact could be made more easily
when the investigator looked up at the participant. If the investigator was unable to make eye
contact with a participant consistently on every trial, the participant was excluded (2 participants
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replaced). The instructional sequence visible to the investigator during the encoding phase is
presented in Figure 2.1 b.
Once the encoding phase was complete, the investigator would open a recognition test on
the laptop and turn the laptop to face the participant. After reading the recognition test instructions
to the participant, the investigator would monitor the participant’s performance as they completed
4 practice trials (which were excluded from the analysis). Next, the investigator left the participant
alone in the room to complete the recognition test. The recognition test contained the words studied
with eye contact, the words studied without eye contact, and 40 new words. The test words
appeared on a computer screen in white font against a black background and were presented in
random order. A fixation cross was presented for 500 ms before each word. When a word appeared,
the subjects were instructed to make a “new” or “old” response for each test word by pressing
buttons labeled “New,” and “Old” on the keyboard. There was a 500-ms blank interval before each
word appeared on screen, and the word offset with the subject’s key response. The response
accuracy and response times were recorded. All words were rotated through all of the conditions
(with eye contact, without eye contact, and new) across participants. The trial sequence used during
the recognition phase trial is presented in Figure 2.1 c. Once the recognition task was complete,
the participant remained seated until the investigator came back to the room.

36

Figure 2.1 The depiction of the experimental setup and procedure used in Experiment 1. (a)
The arrangement of the investigator, participant and laptop during the encoding phase. (b)
The instructional sequence that was visible to the investigator for different trials during the
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encoding phase. When instructed, the investigator would lift her eyes to make eye contact
with the participant as the word to read aloud appeared on screen. The investigator is
depicted from the participant’s perspective on each trial type. (c) The trial sequence that was
presented to the participants during the recognition phase of the experiment.
2.1.2

Results
A two-way mixed ANOVA was conducted on response time (RT), response accuracy

(percentage correct), response sensitivity (d prime) and response bias (beta) with investigator gaze
(2 levels: with eye contact and without eye contact) as the within participant factor and participant
gender (2 levels: male and female) as the between participant factor.
RT. Mean RTs are presented in Figure 2.2. There were no main effects of investigator gaze
(F(1,82)=.04, MSE=20386.56, p=0.84) or participant gender (F(1,82)=1.08, MSE=229174.88,
p=0.30). Nor was there an interaction between investigator gaze and participant gender
(F(1,82)=.36, MSE=20386.56, p=.55).
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Figure 2.2 RT as a function of Participant Gender (Female versus Male) and Investigator
gaze (With eye contact versus Without eye contact). Note that new words have been plotted
in this figure as a reference point but were not included in the analysis. Error bars represent
the 95% confidence interval as defined by Masson and Loftus (2003).
Percentage Correct: Analysis of the accuracy data (see Figure 2.3) revealed no main effect
of investigator gaze (F(1,82)=0.37, MSE=36.69, p=.55) or participant gender (F(1,82)=0.88,
MSE=321.28, p=.35). Critically, there was an interaction between investigator gaze and
participant gender (F(1,82)=15.84, MSE=36.69, p<.001), such that female participants recognized
more words that were spoken while the investigator made eye contact (79%) than when they did
not (75%; t(41)=3.27, SEM=1.31, p<0.005). However, male participants recognized fewer words
read while the investigator made eye contact (73%) than when they did not (76%; t(41)=2.37,
SEM=1.33, p<0.05).
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Figure 2.3 Percentage correct as a function of Participant Gender (Female versus Male) and
Investigator gaze (With eye contact versus Without eye contact). Note that new words have
been plotted in this figure as a reference point but were not included in the analysis. Error
bars represent the 95% confidence interval as defined by Masson and Loftus (2003).
D’: The results mirror the accuracy data, revealing no main effect of investigator gaze
(F(1,82)=0.12, MSE=0.05, p=.72) or participant gender (F(1,82)=0.08, MSE=1.11, p=.78), and an
interaction between experimenter gaze and participant gender (F(1,82)=13.57, MSE=0.05, p<0.001).
The one exception is that in contrast to the accuracy data, the male participants were no more
sensitive to words presented while the investigator made eye contact (2.12) than when they did not
(2.20; t(41)=1.07, SEM=0.08, p=0.29). Critically, the female participants were more sensitive to
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words presented while the investigator made eye contact (2.22) than when they did not (2.08;
t(41)=2.99, SEM=0.04, p<0.005).

Figure 2.4 D prime as a function of Participant Gender (Female versus Male) and
Investigator gaze (With eye contact versus Without eye contact). Error bars represent the
95% confidence interval as defined by Masson and Loftus (2003).

Beta: Analysis of the beta values (see Figure 2.5) revealed no main effect of investigator
gaze (F(1,82)=0.43, MSE=0.31, p=0.51) or participant gender (F(1,82)=0.87, MSE=14.79, p=0.35).
There was however an interaction between investigator gaze and participant gender (F(1,82)=6.36,
MSE=0.31, p<0.05), such that female participants were no more biased on words that were spoken
while the investigator made eye contact (2.21) than when they did not (2.37; t(41)=1.10, SEM=0.14,
p=0.28). However, male participants responded more conservatively (i.e., a tendency to indicate
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a word is “new”, rather than “old”) on words read while the investigator made eye contact (2.98)
than when they did not (2.71; t(41)=-3.02, SEM=0.09, p<0.005)

Figure 2.5 Decision bias (Beta) as a function of Participant gender (Female versus Male) and
Investigator gaze (With eye contact versus Without eye contact).

2.1.3

Discussion
The results from this initial experiment demonstrate that females benefit from eye contact

on recognition tests; however, this benefit was not observed in males. These findings suggest that
eye contact has differential effects on memory for verbal information in males and females. Given
that females are more attentive and responsive to nonverbal behaviour than males (Bailenson et
al., 2001; Bayliss, di Pellegrino, & Tipper, 2005; Connellan, Baron-Cohen, Wheelwright, Batki,
& Ahluwalia, 2000a; Hall, 1978; Lutchmaya, Baron-Cohen, & Raggatt, 2002; Marschner,
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Pannasch, Schulz, & Graupner, 2015; Yee, Bailenson, Urbanek, Chang, & Merget, 2007) it is
possible that, in the context of the present study, females dedicated more attention to information
delivered during eye contact than males, which may have resulted in deeper processing and better
retention of words presented with than without eye contact (Craik & Tulving, 1975).
Another possibility is that making eye contact with the opposite-sex produces higher levels
of arousal compared to making eye contact with the same-sex (Argyle & Dean, 1965; Donovan &
Leavitt, 1980). Research has demonstrated that eye contact elevates physiological arousal (Gale,
Kingsley, Brookes, & Smith, 1978; Helminen, Kaasinen, & Hietanen, 2011; Kleinke & Pohlen,
1971; Nichols & Champness, 1971; Wieser et al., 2009), and that high levels of arousal can
interfere with performance on similar tasks (Beattie, 1981; Jelicic, Geraerts, Merckhelbach &
Guerrieri, 2004; Smeets, Jelicic, Geraerts & Merckhelbach, 2007). While it is possible that eye
contact holds one's attention by increasing arousal (i.e., affective arousal theory; Kelley & Gorham,
1988; Mather & Sutherland, 2011; Senju & Johnson, 2009b), eye contact between genders could
produce excess arousal and anxiety, and thus, interfere with memory. Accordingly, male
participants may have experienced more arousal than the female participants while making eye
contact with the female investigator and paid less attention to the words spoken with eye contact
as a result. Another way to think about this is that eye contact from a member of the opposite sex
could be a source of distraction from the task at hand (Goldfarb et al., 1995; Nemeth et al., 2013).
Since both the task and processing the eye contact are competing for cognitive resources,
performance on the cognitive task suffers.
These possibilities are examined in Experiment 2.
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2.2

Study 2: Gender specific memory effects that arise from eye contact are not driven

by investigator gender
In the previous experiment female participants benefited from the investigator's gaze
whereas male participants did not. This finding could be attributed to male participants
experiencing arousal that interfered with processing when the female investigator made eye
contact (Beattie, 1981; Jelicic, Geraerts, Merckhelbach & Guerrieri, 2004; Smeets, Jelicic,
Geraerts & Merckhelbach, 2007). It could also be the case that female participants are simply more
attentive to the investigator’s eye contact than males irrespective of the investigator’s gender
(Bailenson et al., 2001; Bayliss et al., 2005; Connellan et al., 2000; Hall, 1978; Lutchmaya et al.,
2002; Marschner et al., 2015; Yee et al., 2007). Experiment 2 seeks to distinguish between these
possibilities by using a male investigator. If males now benefit from eye contact (and females are
possibly hindered by eye contact), this would support the idea that the investigator’s gender
contributes to the memory effect (vis-a-vis its relation to the participant). However, if the results
of Experiment 1 are replicated, then a participant's gender is a critical contributing factor to this
effect, a finding that would be consistent with the notion that females interpret non-verbal social
cues differently than males.

2.2.1

Method
Participants. Eighty-four undergraduate students from the University of British Columbia

(42 males, 42 females) who had not previously participated in Experiment 1 received course credit
for participating. All had normal or corrected to normal vision and were naive about the purpose
of the experiment.

44

Design, Apparatus, Stimuli, and Procedure. The design, apparatus, stimuli, and procedure
were identical to those used in the previous study, with the exception that now a male investigator
read the words aloud to the participants instead of a female investigator.
2.2.2

Results

Data analysis followed the same procedure that was used Experiment 1.
RT. Mean RTs are presented in figure 2.6. There was a marginally significant main effect
of participant gender (F(1,82)=3.35, MSE=140584.08, p=.07), such that females (967 ms) were
faster to respond than males (1055 ms). No other main effects or interaction were significant (all
other F’s<1).

Figure 2.6 RT as a function of Participant Gender (Female versus Male) and Investigator
gaze (With eye contact versus Without eye contact). Note that new words have been plotted
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in this figure as a reference point, but were not included in the analysis. Error bars represent
the 95% confidence interval as defined by Masson and Loftus (2003).
Percentage Correct: Analysis of the accuracy data (see Figure 2.7) revealed no main effect
of investigator gaze (F(1,82)=0.15, MSE=41.95, p=.70) or participant gender (F(1,82)=0.03,
MSE=463.44, p=.87). Critically, there was an interaction between investigator gaze and
participant gender (F(1,82)=15.22, MSE=41.95, p<.001), such that female participants recognized
more words that were spoken while the investigator made eye contact (77%) than when they did
not (72%; t(41)=3.68, SEM=1.17, p<0.001). However, male participants recognized fewer words
read while the investigator made eye contact (73%) than when they did not (77%; t(41)=2.16,
SEM=1.62, p<0.05).

Figure 2.7 Percentage correct as a function of Participant Gender (Female versus Male) and
Investigator gaze (With eye contact versus Without eye contact). Note that new words have
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been plotted in this figure as a reference point, but were not included in the analysis. Error
bars represent the 95% confidence interval as defined by Masson and Loftus (2003).

D’: The d prime results (plotted in Figure 2.8) mirror the accuracy data revealing no main
effect of investigator gaze (F(1,82)=0.16, MSE=0.06, p=.69) or participant gender (F(1,82)=0.15,
MSE=1.40, p=.70). Critically, there was an interaction between investigator gaze and participant
gender (F(1,82)=13.49, MSE=0.06, p<.001). The one exception is that, in contrast to the accuracy
data, the finding that male participants were less sensitive to words presented while the investigator
made eye contact (2.22) than when they did not (2.34) was only marginally significant (t(41)=1.98,
SEM=0.06, p=0.06). Female participants were more sensitive to words presented while the
investigator made eye contact (2.25) than when they did not (2.10; t(41)=3.63, SEM=0.04, p<.001)
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Figure 2.8 D prime as a function of Participant gender (Female versus Male) and Investigator
gaze (With eye contact versus Without eye contact).
Beta: Analysis of the beta values (see Figure 2.9) revealed no main effect of investigator
gaze (F(1,82)=0.41, MSE=0.50, p=0.52) or participant gender (F(1,82)=0.66, MSE=9.87, p=0.42).
Nor was there an interaction between investigator gaze and participant gender (F(1,82)=2.01,
MSE=0.50, p=0.16).

Figure 2.9 Decision bias (Beta) as a function of Participant gender (Female versus Male) and
Investigator gaze (With eye contact versus Without eye contact).

2.2.3

Discussion
These results from Experiment 2 replicate the findings reported in Experiment 1 that

females benefit from eye contact on recognition tests whereas males do not. Furthermore, the
present experiment provides evidence that the memory performance benefits in females and
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deficits in males observed in Experiment 1 were not being driven by the gender of the investigator
and its relation to the gender of the participant. These results are also consistent with the notion
that females are generally more attentive to gaze cues than males. It is possible that female
participants decode the various signals that could be embedded within the investigator's eye contact
(e.g., a signal to pay attention, a signal that the investigator is watching to you, information about
the investigators mental state, etc.) more readily than males. As a result, females quickly interpret
this eye contact as a signal to pay attention, and dedicate more cognitive resources to words
presented while the investigator looks at them (e.g., Otteson & Otteson, 1980; Sherwood, 1987).
On the other hand, males may find interpreting the investigator’s eye contact distracting since it is
uninformative to the task, or perhaps they require more cognitive resources than females to process
the different social signals. As a result, their performance on the task at hand is impaired.
Another intriguing possibility is that eye contact increases physiological arousal, and that
this increase in arousal influences how one attends to the task at hand (Falck-Ytter et al., 2014;
Helminen, Tytti, Pasanen, & Hietanen, 2016; Kelley & Gorham, 1988; Mather & Sutherland,
2011; Pönkänen, Alhoniemi, Leppänen, & Hietanen, 2011; Pönkänen, Peltola, & Hietanen, 2011;
Senju & Johnson, 2009b). While experiencing a small amount of physiological arousal can be
beneficial to task performance, too much can have a detrimental effect (Conty, Russo, et al., 2010;
Eysenck, 1982a, 1982b; Guez, Saar-Ashkenazy, Mualem, Efrati, & Keha, 2015; Jarick, Laidlaw,
Nasiopoulos, & Kingstone, 2016; Mather & Sutherland, 2011). In the present study, the eye contact
experienced may have had differential effects on the physiological arousal of male and female
participants. As a result, female participants may have benefited from a little physiological arousal,
whereas male participants may have experienced a great deal of physiological arousal which
hindered their task performance. However, in past research, only prolonged eye contact between
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live people has been sufficient to generate an arousal response (Argyle & Dean, 1965; Helminen,
Kaasinen, & Hietanen, 2011; Hietanen et al., 2008; Jarick et al., 2016). If the physiological arousal
generated by perceived gaze serves to enhance attention and prioritize subsequent information
processing (Kelley & Gorham, 1988; Mather & Sutherland, 2011; Senju & Johnson, 2009), then
it is unlikely that the brief amount of eye contact in studies 1 and 2 would have generated an arousal
response sufficient to enhance processing of the items presented with eye contact. As such, the
memory benefits observed in studies 1 and 2 were most likely a result of eye contact serving as a
social cue to pay attention to the upcoming information rather than producing arousal that
enhanced memory. This is consistent with the idea that eye contact indicates an individuals' intent
to communicate information or highlight the importance of upcoming information.

2.3

Study 3: Gender specific memory effects that arise from eye contact are not driven

by the length of perceived eye contact
In the two previous experiments the eye contact that was initiated by the investigator was
quite brief (i.e., a quick glance (less than 1 second) up at the participant as the investigator said the
word aloud). Although this brief glance may have provided enough time for females to decode the
eye contact, it is possible that male participants needed longer periods of eye contact in order to
decode this social cue. Indeed, in more natural settings, people tend to engage in eye contact with
others between 1.7-3.6 seconds (Argyle & Dean, 1965; Helminen et al., 2011). To determine
whether more eye contact can help males decode social cues more effectively, in the present study
the investigator made eye contact for a longer period of time (approximately 3 seconds). In order
to maximize any effect of prolonged eye contact on the male participant’s arousal, whether it is
beneficial arousal or distracting arousal, we used a female investigator. If prolonged durations
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enable men to use eye contact as a social cue to enhance verbal information processing, then the
present study should reduce or eliminate the effects of participant gender on word recognition.
A secondary advantage of using prolonged eye contact in the present study is to further
investigate the role that arousal may play in enhancing or worsening word recognition through its
association with eye contact. If prolonged eye contact generates an optimal arousal response that
facilitates information processing, then we might expect eye contact to have a greater beneficial
impact on memory than it did in studies 1 and 2. However, if eye contact generates arousal that
distracts or interferes with information processing, than prolonging eye contact may accentuate
memory decrements.
2.3.1

Method
Participants. Eighty-four undergraduate students from the University of British Columbia

(42 males, 42 females) who had not previously participated in Experiment 1 or 2 received course
credit for participating. All had normal or corrected to normal vision and were naive about the
purpose of the experiment.
Design, Apparatus, Stimuli, and Procedure. The design, apparatus, stimuli, and procedure
were identical to those used in Experiments 1 and 2, with the exception that the female investigator
made prolonged eye contact when instructed to look at the participant instead of brief eye contact
to further accentuate any effect of eye gaze. On trials where the investigator made eye contact with
the participant, the investigator said the words and made continuous eye contact with the
participant for 3000 ms.
2.3.2

Results

Data analysis followed the same procedure as that used in Experiments 1 and 2.
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RT. There was a main effect of participant gender (F(1,82)=15.71, MSE=200664.95,
p<.001), such that females (1019 ms) were faster to respond than males (1341 ms). No other main
effects or interactions were significant (all other F’s<1).

Figure 2.10 RT as a function of Participant Gender (Female versus Male) and Investigator
gaze (With eye contact versus Without eye contact). Note that new words have been plotted
in this figure as a reference point, but were not included in the analysis. Error bars represent
the 95% confidence interval as defined by Masson and Loftus (2003).

Percentage Correct: Analysis of the accuracy data (see Figure 2.11) revealed a main effect
of investigator gaze (F(1,82)=5.03, MSE=47.31, p<0.05), such that words presented with
investigator eye contact (75%) were accurately recognized more than those presented without
(73%). There was no main effect of participant gender (F(1,82)=1.77, MSE=389.94, p=.19).
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Critically, there was an interaction between investigator gaze and participant gender (F(1,82)=6.37,
MSE=47.31, p<.02), such that female participants recognized more words that were spoken while
the investigator made eye contact (79%) than when they did not (74%; t(41)=3.45, SEM=1.47,
p<0.001). However, male participants were no more likely to recognize words read with (72%) or
without investigator eye contact (72%; t(41)=0.19, SEM=1.53, p=0.54).

Figure 2.11 Percentage correct as a function of Participant Gender (Female versus Male)
and Investigator gaze (With eye contact versus Without eye contact). Note that new words
have been plotted in this figure as a reference point, but were not included in the analysis.
Error bars represent the 95% confidence interval as defined by Masson and Loftus (2003).

D’: The results (plotted in Figure 2.12) mirror the accuracy data revealing a main effect of
investigator gaze (F(1,82)=7.90, MSE=0.06, p<0.01), such that words presented with investigator
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eye contact (75%) were accurately recognized more than those presented without (73%). There
was no main effect of participant gender (F(1,82)=3.03, MSE=1.17, p=.09). The one exception is
that the interaction between investigator gaze and participant gender was only marginal
(F(1,82)=3.10, MSE=0.06, p=0.08).

Figure 2.12 D prime as a function of Participant Gender (Female versus Male) and
Investigator gaze (With eye contact versus Without eye contact). Error bars represent the
95% confidence interval as defined by Masson and Loftus (2003).
Beta: Analysis of the beta values (see Figure 2.13) revealed no main effect of investigator
gaze (F(1,82)=3.1, MSE=0.3, p=0.1) or participant gender (F(1,82=0.84, MSE=12.49, p=0.36). Nor
was there an interaction between investigator gaze and participant gender (F(1,82)=0.15, MSE=0.3,
p=0.7).
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Figure 2.13 Decision bias (Beta) as a function of Gender (Female versus Male) and
Investigator gaze (With eye contact versus Without eye contact). Error bars represent the
95% confidence interval as defined by Masson and Loftus (2003).

Comparison between Experiments 1-3. An additional follow-up analysis comparing all
three Experiments was run to reveal any differences (or similarities) in the effects eye contact had
on memory in each Experiment. A three-way mixed ANOVA was conducted on mean response
accuracy with investigator gaze (2 levels: with eye contact and without eye contact) as the within
participant factor and experiment (3 levels: female investigator with brief glance, male investigator
with brief glance, and female investigator with prolonged gaze) and participant gender (2 levels:
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male and female) as between participant factors4. The analysis of the response accuracy data
revealed a marginal main effect of investigator gaze (F(1,246)=3.67,MSE=42.00,p=.06), such that
participants recognized more words that the investigator said while making eye contact (75%) than
when they did not (74%). There was also an interaction between investigator gaze and participant
gender (F(1,246)=35.16, MSE=42.00, p<.001), such that female participants recognized more words
that were spoken while the investigator made eye contact (78%) than when they did not (74%;
t(125)=6.00, SEM=0.76, p<0.001). However, male participants recognized fewer words read while
the investigator made eye contact (73%) than when they did not (75%; t(125)=2.67, SEM=0.87,
p<0.01). No other main effects or interactions were significant (all F’s< 1.27).

2.3.3

Discussion
The results of Experiment 3 replicated the finding in both Experiment 1 and 2 that females

recognized more words and were more sensitive to words presented with eye contact than without
eye contact. Unlike the previous studies, male participants’ recognition performance was not
significantly different in the eye contact and no eye contact conditions. Further, the follow-up
analysis comparing all three Experiments revealed that the length of eye contact did not modify
the effect eye contact had on memory in female participants.
The failure to observe any interaction between Experiment and Investigator gaze or
Experiment, Investigator gaze, and Participant gender suggests that exaggerating eye contact does
not help the males encode the non-verbal eye contact cues, nor did it enhance the eye contact

4

The complete analysis on mean response time, response accuracy, response sensitivity (D
prime), and response bias (Beta) is reported in Appendix B.
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benefit observed in female participants (as compared to female participants in Experiments 1 and
2). These results also suggest that the memory benefits that arise from eye contact in Experiments
1-3 are not being mediated by an arousal response, since prolonging the eye contact in the present
experiment would have, if anything, increased arousal, which could modify how eye contact
affects performance. Instead, these results are consistent with the idea that eye contact provides a
signal to pay attention, and that interpreting this social signal is responsible for enhancing
information processing in the previous studies. If anything, it seems that lengthening the
investigator’s eye contact reduced the interference eye contact caused the males in the studies 1
and 2. By providing the signal longer, males may have had enough resources to process the eye
contact and perform the memory task without these two tasks competing for cognitive resources.
Since they did not perform better when the investigator made eye contact than when they did not,
it seems that this cue may not have had social relevance for the males.
2.4

General discussion
In the present studies, female participants benefitted from the investigator's gaze more than

male participants on a subsequent memory test. Specifically, female participants recognized more
words in a subsequent memory test when the words were previously associated with eye contact
from an investigator than when they were not. This was true regardless of the investigator's gender
(female in Experiments 1 and 3 and male in Experiment 2), and whether the investigator's gaze
was a quick glance (as in Experiments 1 and 2) or a prolonged stare (in Experiment 3). In contrast,
male participants showed no benefit of the investigator's gaze on subsequent memory tests when
the investigator's gaze was held longer (Experiment 3), and actually recognized fewer words on a
subsequent memory test when they were associated with brief eye contact from the Investigator
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(Experiments 1 and 2) relative to when they were not. While these findings suggest that eye gaze
could provide a useful social cue to pay attention for females, this is not the case for males.
Since there was minor variation in how the investigator’s eye contact influenced males’
memory performance, an additional analysis was conducted to compare how the investigator’s
gaze affected word recognition in the three studies presented in this Chapter (reported in section
2.3.2). The failure to find an interaction between experiment and participant gender, nor an
interaction between experiment, participant gender and investigator gaze on response accuracy in
that analysis indicates that any variation in how the investigator’s eye contact influenced male
participants’ memory performance in Experiments 1-3 is not critical. The key finding is that the
male participants' performance, though variable as a function of eye conduct across experiments,
never improves with eye contact.
These findings converge with a growing body of literature that suggests males and females
attend to social information differently. In comparison to males, females dedicate more attention
to social stimuli, such as faces and eyes (Connellan et al., 2000; Lutchmaya et al., 2002a) and more
easily decode the nonverbal signals exhibited by others (Hall, 1978; McClure, 2000; Rosenthal et
al., 1979). More importantly, previous studies have demonstrated that females are more responsive
to eye gaze (Bailenson et al., 2001; Bayliss et al., 2007). These data suggest that females are more
sensitive to social signals in general and eye gaze in particular, and thus the investigator’s eye
contact engaged their attention in the first three experiments (despite being irrelevant to the task).
The general interpretation of the memory effect observed in females is that when eye
contact accompanies information it is interpreted as signaling the intent to communicate
information that warrants attention (Csibra & Gergely, 2009; Duncan, 1972; Kampe et al., 2003;
Niederehe & Duncan, 1974; Senju & Johnson, 2009a). This is particularly noteworthy since the
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investigator’s eye contact is actually irrelevant to the task at hand. As such, when people
communicate with each other and their message is preceded or accompanied with eye contact,
their eye contact serves to highlight the most important parts of their message. It would follow that
in the present studies, when the female participant was with the speaker, information spoken with
eye contact would be attended more and remembered better than information presented without
eye contact.
While female participants noticed, and decoded the social signals associated with the
investigator’s gaze with apparent ease, male participants did not. It is possible that male
participants were simply insensitive to the investigator’s eye contact and/or did not think the eye
contact was an important cue, and dedicated the same amount of attention to words regardless of
whether the investigator looked at them or not. However, this explanation seems unlikely given
that in male participants, the investigator’s eye contact, if anything, had a negative effect on their
performance in studies 1 and 2. Moreover, participants were instructed to look at the investigator's
eyes throughout the study, so it seems inconceivable that eye contact with the investigator went
unnoticed.
Another intriguing possibility is that the males were sensitive to the investigator's eye gaze,
but were unable to decode which signal the investigator intended to convey since eye contact
provides a variety of different social signals. While eye contact may signal to pay attention, as
previously discussed, eye contact also signals that one is being monitored (Baltazar et al., 2014;
Freeth et al., 2013; Guerin, 1986; Hazem, George, Baltazar, & Conty, 2017; Marschner et al.,
2015; Nasiopoulos et al., 2015; Pönkänen, Peltola, et al., 2011; Risko & Kingstone, 2011), and
facilitates decoding of the emotional and intentional messages of others. Discerning which
message is most important and/or appropriate (and requires the most attention) in a given situation
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may be more challenging for males than females. In the present context, males may have struggled
to dissociate which signal embedded in the investigator’s eye contact was most relevant (or if they
did make this distinction, they appear not to have acted on it). As such, processing or actively
ignoring the investigator’s eye contact may have interfered with the males’ ability to pay attention
to information that was being spoken. This idea converges with the finding in previous work that
the presence of eyes interfered with performance on a Stroop task (Beattie, 1986; Conty, Gimmig,
Belletier, George, & Huguet, 2010; Nemeth, Turcsik, Farkas, & Janacsek, 2013), presumably
because processing the eyes required the same cognitive resources (e.g., selective attention) used
to perform the task. According to this idea, the brief eye contact provided in studies 1 and 2 was
too difficult for the males to decode while simultaneously completing another task. As a result,
they were unable to dedicate enough attention to the task of attending to what the investigator said
when they were looked at, and their performance suffered. However, the less subtle signal provided
in Study 3 did not alter the previous data pattern, undermining the interpretation that males just
need a more salient gaze signal for it to yield a performance benefit.
The interpretations discussed here all assume that the investigator's eye gaze is being
interpreted (at least by female participants) as a socially communicative cue. While the live
interaction between the investigator and the participant ensures that social communication can
occur, it is also possible that a non-social cue associated with the investigator’s eye gaze could
also be driving the reported effects. Before concluding that socially communicative aspects of gaze
produce these effects, it is important to exclude a non-social interpretation that could possibly
account for the faciliatory effect of gaze. This will be addressed in Chapter 3 where the social
communicative aspects of eye gaze will be dissociated from the purely perceptual cues by using a
video of the investigator instead of a live investigator.
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Chapter 3: Do perceived and actual eye contact have different effects on attention and
memory? (Study 4)
3.1

Introduction
The previous studies demonstrated that females benefited from an investigator's gaze on a

subsequent memory test, whereas males did not. These gender specific memory effects could be
driven by a socially communicative cue that is embedded in the investigator’s eye contact (i.e.,
when someone looks at you it is a signal to pay attention). According to this idea, females were
sensitive to the social cue embedded in the investigator's eye contact, and used it to facilitate their
performance on the recognition test. However, male participants failed to interpret and apply the
investigator’s eye contact as a signal to pay attention, and as a result their performance at test was
hindered by the investigator’s eye gaze.
A different possibility altogether is that there was nothing socially communicative about
the investigator’s gaze that drove the memory effects observed in the previous studies. For
example, these effects could have arisen by observing the investigator shifting their gaze up from
the computer monitor. In the previous studies, the investigator either kept their eyes on the
computer screen while they read a word, or they lifted them to make eye contact just before saying
a word. Observing just the movement of the eyes up from the computer screen could be an indicator
that a word is about to be spoken, much in the same way the onset of a flashing light at a crosswalk
indicates that one should pay attention for pedestrians. There is nothing inherently “social” about
either of these cues, but they both serve the purpose of a warning cue that informs a participant to
increase attention to an upcoming stimulus (i.e., a word or a pedestrian in the latter case). In fact,
a variety of perceptual cues (i.e., arrows, flashes in the periphery, etc) are known to generate
changes in attention (e.g., Bayliss, di Pellegrino, & Tipper, 2005; Friesen, Ristic, & Kingstone,
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2004; Hayward & Ristic, 2015; Hietanen, Nummenmaa, Nyman, Parkkola, & Hämäläinen, 2006;
Mulckhuyse & Theeuwes, 2010; Posner, 1980; Ristic, Wright, & Kingstone, 2007; Shin, Marrett,
& Lambert, 2011). Given that both perceptual and socially communicative cues were embedded
in the live investigator's eye contact in the Studies 1, 2 and 3 presented in Chapter 2, it is unclear
which cue was actually driving the memory effects observed in the previous experiments.
The aim of Study 4 is to clarify whether socially communicative cues are responsible for
the eye gaze related effects observed in the previous experiments. One way to isolate the social
aspects of eye gaze from the perceptual ones is to have observers watch a video of the investigator
instead of interacting with a live investigator. Numerous studies have demonstrated that people
respond differently, both behaviorally and neurologically, when looking at the eye gaze of people
presented in images versus actual, physically present people (Hietanen et al., 2008; Itier & Batty,
2009; Laidlaw et al., 2011; Pönkänen, Alhoniemi, et al., 2011; Pönkänen, Peltola, et al., 2011;
Risko et al., 2012, 2016b; Schilbach, 2015; Schilbach et al., 2013; Teufel, Fletcher, & Davis,
2010). Furthermore, the eye gaze and gestures of people depicted in images and videos have less
influence on the communication (Gullberg & Holmqvist, 2006; Heath & Luff, 1993; Rutter, 1987)
and attention (Varao-Sousa & Kingstone, 2015; Wammes & Smilek, 2017) of an observer than
they typically would during an encounter with a live person. Presumably, this is because the people
depicted in the images and videos cannot see the observer and therefore their gaze behaviour is
not actively communicating with the observer, and vice versa (Argyle, 1981; De Jaegher, Di Paolo,
& Gallagher, 2010; Risko, Laidlaw, Freeth, Foulsham & Kingstone, 2012; Schilbach, 2010).
By using a video recording of the investigator in the present study, the socially interactive
context that was produced by using a live investigator in Chapter 2 is removed. If the previous
findings are replicated, it would suggest that perceptual cues derived from the eye gaze of someone
62

in a video are enough to generate the memory benefits and deficits associated with eye contact,
and that a socially communicative context is not required to generate these memory effects.
However, eliminating eye gaze related memory effects would be evidence for the idea that
perceptual cues are not driving these previously observed effects. Instead, it would suggest that
the socially communicative eye gaze from an individual that an observer could potentially interact
with is required to produce these memory effects.

3.2

Method
Participants. To examine investigator gender as a factor in one experiment rather than in

two separate experiments, as was the case in Chapter 2, the sample size was doubled to 168
undergraduate students from the University of British Columbia (84 males, 84 females) who had
not participated in any of the previous experiments received course credit for participating. All had
normal or corrected to normal vision and were naive about the purpose of the Experiment.
Design. A 2 (Investigator gaze: eye contact and no eye contact) by 2 (Participant gender:
male and female) by 2 (Investigator gender: male and female) mixed design was used, where
investigator gaze was manipulated within participant and participant gender and investigator
gender were a between-participant variables.
Apparatus. E-Prime 2.0 (www.pstnet.com) controlled the timing and presentation of
stimuli read aloud by the investigator to the participant and logged response accuracy and RTs.
The stimuli were presented on a 17-in. monitor with a 1920 x 1080 pixel resolution.
Stimuli. The word stimuli were identical to those reported in the previous experiments,
however, the participants now watched a video of the investigator from either Study 1 (female
investigator) or Study 2 (male investigator). The videos shown to each participant were recorded
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by a camera that was placed in front of the investigator, on a tripod that was adjusted so that the
camera was positioned at the investigator’s eye level. This position was chosen to simulate both
the distance, height, and eye level of a participant who would have sat across from the live
investigator in the previous experiments. During the recordings, the investigator read the words
aloud as in the previous experiments, i.e., when prompted by the laptop, the investigator either
looked towards the computer screen or, to simulate eye contact for the viewer, briefly towards the
camera lens. A total of 6 different videos were made to ensure that across participants, each word
would appear in each condition evenly.
Videos were presented full screen at the recorded resolution (1920 x 1080 pixels), on a 17in. monitor. Participants were seated approximately 60 cm from the screen. Sound from the videos
was also played through speakers built into the computer.
Procedure. The procedure was identical to those used in Experiments 1 and 2, with the
exception that a participant was first assigned to watch a video of either a male or female
investigator saying the words out loud. Participants were also instructed to look at the
investigators’ eyes throughout the experiment.

3.3

Results
A three-way mixed ANOVA was conducted on response time (RT), response accuracy,

response sensitivity (d prime) and response bias (beta) with investigator gaze (2 levels: eye contact
and no eye contact) as the within participant factor and participant gender (2 levels: male and
female) and investigator gender (2 levels: male and female) as the between participant factors.
RT. There was a main effect of investigator gender (F(1,166)=13.47, MSE=214475.60,
p<.001), such that participants were faster to respond with the male investigator (1018 ms) than
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the female investigator (1203 ms). No other main effects or interactions were significant (all other
F’s<1).

Figure 3.1 RT as a function of Investigator Gender (Female versus Male), Participant
Gender (Female versus Male) and Investigator gaze (With eye contact versus Without eye
contact). Note that new words have been plotted in this figure as a reference point, but were
not included in the analysis. Error bars represent the 95% confidence interval as defined by
Masson and Loftus (2003).

Percentage Correct: Analysis of the accuracy data (figure 3.2) revealed a main effect of
participant gender (F(1,166)=4.43, MSE=542.79, p<0.05), such that female participants were more
accurate (72%) than male participants (66%). No other main effects or interactions were significant
(all other F’s<1.4)
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Figure 3.2 Percentage correct as a function of Investigator Gender (Female versus Male),
Participant Gender (Female versus Male) and Investigator gaze (With eye contact versus
Without eye contact). Note that new words have been plotted in this figure as a reference
point, but were not included in the analysis. Error bars represent the 95% confidence
interval as defined by Masson and Loftus (2003).

D’: No main effects or interactions were significant (all other F’s<1.8).
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Figure 3.3 D prime as a function of Investigator Gender (Female versus Male), Participant
Gender (Female versus Male) and Investigator gaze (With eye contact versus Without eye
contact). Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

Beta: Analysis of the beta values revealed an interaction between investigator gender and
participant gender (F(1,166)=4.89, MSE=10.47, p<0.05). No other main effects or interactions were
significant (all other F’s<1.8). Two independent samples t-tests using participant gender as a factor
were conducted separately for male and female investigators. When a male investigator spoke
words aloud, female participants (1.57) were less conservative than male participants (2.83;
t(82)=2.62, SEM=0.48, p<.05). However, there was no significant difference in how conservatively
female (2.69) and male participants (2.39) responded when a female investigator spoke words
aloud t(82)=0.59, SEM=0.52, p=.56.
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Figure 3.4 Decision bias (Beta) as a function of Investigator Gender (Female versus Male),
Participant Gender (Female versus Male) and Investigator gaze (With eye contact versus
Without eye contact). Error bars represent the 95% confidence interval as defined by
Masson and Loftus (2003).

Comparison between live and videotaped investigators. To reveal any difference in the
memory effects generated by the eye gaze of a live investigator (in Studies 1 and 2 in Chapter 2)
and a videotaped investigator, a four-way mixed ANOVA was conducted on response accuracy
with Investigator gaze (2 levels: with eye contact and without eye contact) as the within participant
factor and Investigator presence (2 levels: live and videotaped), Investigator gender (2 levels: male
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and female) and Participant gender (2 levels: male and female) as between participant factors5.
The analysis of the accuracy data revealed a main effect of investigator presence (F(1,328)=13.43,
MSE=467.57, p<0.001), such that participants recognized more words said by an in-person
investigator (75%) than a videotaped investigator (69%). Critically, there was a three-way
interaction between investigator gaze, investigator presence, and participant gender (F(1,328)=15.88,
MSE=44.75, p<001). When the investigator was in-person, there was an interaction between
investigator gaze and participant gender (F(1,166)=31.38, MSE=38.85, p<0.001) such that female
participants recognized more words that were spoken while the investigator made eye contact
(78%) than when they did not (74%; t(83)=4.91, SEM=0.87, p<0.001). However, male participants
recognized fewer words read while the investigator made eye contact (73%) than when they did
not (76%; t(83)=3.19, SEM=1.04, p<0.005). In contrast, the same analysis for the videotaped
investigator, presented in section 3.3, yielded no effect of investigator gaze, nor an interaction
between investigator gaze and participant gender. These findings indicate that the failure to
observe any memory effects in Study 4 is because eye gaze from a live investigator is
fundamentally different from the eye gaze of a videotaped investigator.

3.4

Discussion
In Study 4, there was no evidence that eye gaze displayed over video influenced memory.

This was true regardless of the investigator or participant’s gender. This stands in direct contrast
with the studies in Chapter 2 that demonstrated that eye contact from a live investigator improved
memory in female participants, and reduced memory in male participants. Taken together, the

5

For a report of the full analysis, please refer to Appendix C.
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results demonstrate that people attend to the eye gaze of those they interact with in real life
differently than the eye gaze of people depicted in images.
The current data dovetail with a growing body of research suggesting that viewing a live
person elicits different neurological (Hietanen et al., 2006; Pönkänen, Alhoniemi, et al., 2011;
Pönkänen, Peltola, et al., 2011) and behavioural responses (Heath & Luff, 1991) than viewing
an image of a person. Indeed, the finding that participants who listened to a live investigator
recognized more words, faster than those who listened to a video of the same words, supports
this notion. By using images, the present study stripped away the social cues that would typically
be present during a live encounter, leaving only the perceptual cues associated with eye gaze.
Since the effect of eye gaze was eliminated when presented over video, the implication is that
the effects observed previously in Chapter 2 were driven by communicative cues associated with
eye contact instead of non-communicative perceptual cues. In the live setting, both the
investigator and the participant can convey information and observe information through their
eyes (Baltazar et al., 2014; Conty, George, & Hietanen, 2016; Gobel, Kim, & Richardson, 2015;
Hazem et al., 2017; Jarick & Kingstone, 2015; Myllyneva & Hietanen, 2015, 2016; Nasiopoulos,
et al., 2015; Risko & Kingstone, 2015; Risko et al., 2012; Risko, Richardson, & Kingstone,
2016). Because of this, the live investigator's eye contact conveys socially communicative
information (e.g., that the participant can be seen) that is not present when the investigator is
presented over video. This notion is also supported by recent research showing that social centers
in the brain are more activated when observing live people than when viewing images of people
(Hietanen et al., 2006; Pönkänen, Alhoniemi, et al., 2011; Pönkänen, Peltola, et al., 2011;
Schilbach, 2015; Schilbach et al., 2010). Presumably, regions that are devoted to processing
social information are recruited for processing any additional social information conveyed
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through a live interaction. Likewise, these regions are not required as heavily when a person is
presented over video since this social information is either absent or irrelevant (i.e., we choose
to ignore these signals when someone is presented over video because we infer that the depicted
individual has no intention to engage in a reciprocal encounter with us; Pönkänen, Peltola, &
Hietanen, 2011). The notion above presents a challenge to researchers who have generally
assumed that using images enables them to study social aspects of eye gaze present in real life
with real people. However, if this assumption is misplaced, and indeed more and more research
is suggesting this assumption may be, then there could be broad reaching implications as
researchers have been using images to study the social effects of eye gaze for decades.
Moving forward, it is still unclear which social signals communicated by the live
investigator are being interpreted by participants. Our findings are consistent with the idea that eye
contact provides a social signal to pay attention, which results in memory benefits for information
communicated with eye contact. However, there are many non-verbal social cues conveyed during
a live encounter that can influence the way an observer pays attention. In fact, some research might
suggest that head movements, rather than eye movements, are more important in eliciting
attentional shifts in more natural contexts (Emery, 2000; Tomasello, Call, & Hare, 1998;
Tomasello et al., 2005). Even though we have attributed the effects in Studies 1, 2, and 3 (Chapter
2) to a social signal conveyed by eye gaze, it is possible that a different social signal that is also
associated with the investigators’ gaze could be driving these effects. In Studies 1, 2 and 3, the
investigator would keep their gaze down at the computer screen until they read the instruction to
make eye contact with the participant. After reading the instruction, they would lift their head to
make eye contact with the participant. Thus, an investigator’s eye contact was preceded by a head
lift which could indicate a) that the eye contact is coming which gives the participant a (literal)
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"heads up" or b) simply be a social cue that is informative enough to suggest the participant pay
attention. Studies 5 and 6 in Chapter 4 seek to clarify whether it was the investigator’s eye contact,
or a general social cue that was associated with the eye contact that generated the memory benefits
observed in the female participants in Chapter 2.
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Chapter 4: Does eye contact or a general signal associated with eye contact signal when to
pay attention?

4.1

Study 5: Eye contact, but not head lifts, facilitate memory task performance
In Chapter 2, females benefited from the eye gaze of a live investigator on a subsequent

memory test. The working hypothesis is that these memory benefits were driven by social signals
associated with the live investigator’s eye gaze direction. In Chapter 3, the possibility that a nonsocially communicative cue may have driven the memory benefit observed in Chapter 2 was tested
by using a video of an investigator rather than a live investigator. However, any gaze related
memory benefits disappeared when the investigator was presented over video, which lends further
support to the idea that a socially communicative cue (rather than something non-communicative)
was driving these effects. The collective interpretation of the findings from Chapter 2 and 3 is that
a live investigator’s eye contact is being interpreted as a signal that the spoken information is
important (Csibra & Gergely, 2009; Duncan, 1972; Kampe et al., 2003; Niederehe & Duncan,
1974; Senju & Johnson, 2009a). According to this view, female participants interpret this signal
and dedicate more attention to the information communicated while eye contact is made. As a
result, their performance on subsequent memory tests improves for information presented with eye
contact.
However, it is still unclear whether the memory effects that have previously been reported
(both in Chapter 2 and in previous literature) were due to the investigator’s eye contact enhancing
memory, or whether the investigator’s gaze avoidance reduced memory. Recall that in previous
research, listeners watched a speaker who never made eye contact with any listener in an audience
or one who periodically made eye contact with some undefined listeners (Fullwood & Doherty73

Sneddon, 2006; Otteson & Otteson, 1979; Sherwood, 1987). Even in instances where a single
listener is present (in the studies in Chapter 2 and in Helminen, Pasanen, & Hietanen, 2016), it is
possible that a listener’s memory was improved for the information spoken while making eye
contact with the speaker, and it is also possible that a listener had worse memory for information
presented while the speaker avoided eye contact. This reduction in memory could be due to the
observer feeling excluded by the speaker (a possibility considered but not addressed by Fullwood
& Doherty-Sneddon, 2006) or because the speaker’s gaze directs the observer’s attention
elsewhere. In fact, the studies presented in Chapter 2 could not distinguish these two possibilities
because there was no adequate baseline (i.e., where the speaker could make eye contact with
someone other than the participant).
The present study sought to distinguish whether the memory performance of female
participants is enhanced by the investigator’s eye contact and/or reduced when the investigator
looks elsewhere (i.e., does not make eye contact). Accordingly, in the present study, and in all
subsequent studies (with the sole exception of Study 9), only female participants were tested as
the research goal is to examine the variables responsible for the memory benefit associated with
the act of making eye contact, and this effect has been limited to female participants. A memory
enhancement due to eye contact was dissociated from a memory decrement due to gaze avoidance
by having an investigator alternate making eye contact with two participants or neither participant
while they read words aloud. If performance improves for information spoken while the
investigator looks at a participant relative to when the investigator looks at no one, then this would
support the idea that eye contact improves memory. However, if a participant’s performance
worsens for words spoken while the investigator looks at their partner relative to when no one is
looked at, then this would suggest that a speaker’s gaze avoidance impairs memory. Note, these
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two possibilities are not mutually exclusive. It is possible that eye contact and gaze avoidance
could operate simultaneously to affect memory; in which case the memory effects reported in
previous literature could reflect a combination of both social signals.
An additional aim of this study is to determine which social signal drove the memory
effects in Chapter 2. There are many social signals communicated during a live social encounter
that might affect how someone pays attention. For example, in Chapter 2 there were two nonverbal socially communicative cues, non-directional head lifts and eye contact, which may have
signaled when an individual should pay attention to a particular word. During the experiments, the
investigator either kept their eyes on the computer screen while they read a word, or they lifted
their head to make eye contact just before saying a word. Observing the investigator's head lift up
from the computer screen could signal to the participants that a word is about to be spoken, leading
the participant to pay attention. This is a particular concern given that other non-verbal cues (i.e.,
eyebrow movements) can serve to highlight the importance and memorability of information
during a conversation (Ekman, 1979; Whittaker & O’Conaill, 1997). As such, it is unclear whether
experiencing mutual eye contact caused the memory benefit or whether simply observing a head
lift at the beginning of eye contact trials signaled the importance of subsequent information,
thereby enhancing memory.
The present study also sought to distinguish whether experiencing mutual eye contact or
observing a head lift led to the previously observed memory benefits in females. A head lift was
dissociated from eye contact by having an investigator alternate making eye contact with two
participants or neither participant while they read words aloud. If a head movement drove the
previously observed memory benefits, then memory for a word would improve anytime the
investigator lifted their head while saying the word, regardless of whether the investigator made
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eye contact with a participant or their partner. However, if eye contact drove the memory benefits
in the previous studies, then memory performance would only improve for words spoken while
the investigator made eye contact with a particular participant, but not when the investigator looked
at their partner.

4.1.1

Method
Participants. Forty-eight female undergraduate students from the University of British

Columbia received course credit for participating. All had normal or corrected to normal vision
and were naive about the purpose of the Experiment.
Stimuli and Apparatus. The stimuli and apparatus were the same as in the previous
experiments except that the stimulus pool now consisted of only 108 words from the Appendix of
MacDonald and MacLeod (1998). To accommodate reading words to both participants, the same
words were used, but they were now divided to be presented in three gaze conditions (i.e.,
participant, other participant, or screen) instead of two (i.e., participant or screen). To create an
equal number of words for each condition, 12 words were randomly removed from the original
list. Two identical laptops were also used to present words during the recognition test separately
to each participant.
Procedure. Two participants learned words for a later memory test. In the initial study
phase, both participants were seated beside each other ~10 in. apart and across from a female
investigator who read words aloud individually. While the investigator read each word, she either
looked up and then made eye contact briefly with the participant on their left, the participant on
their right, or kept gaze down at the computer screen to avoid eye contact. Note that the investigator
lifted their head and then only moved their eyes to make eye contact which allowed us to dissociate
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the movement of the head from eye contact. Fifty-four words total were read aloud in random
order to the participants. One third of the words were presented while making eye contact with the
participant, another third while making eye contact with their partner, and the last third while
looking down at the computer screen. For a depiction of the encoding phase experimental setup,
please refer to Figure 4.1 a. All items were rotated through all of the gaze conditions across
participants.
A laptop that was only visible to the investigator indicated when a word should be read
aloud and provided instructions on whether to make eye contact with the participant on the left or
right, or to look down at the computer screen on a given trial. First, an instruction to look towards
the participant on the left, the participant on the right, or the computer screen was presented. After
1000 ms, a word also appeared and remained on screen for 2000 ms. While the word was on screen,
the investigator read the word aloud while either making eye contact with one of the participants
or while looking down at the computer screen. Finally, a blank screen was presented for 500ms
before the next instruction was presented. The words and eye contact instructions were randomly
intermixed. Participants were also instructed to make eye contact with the investigator during the
experiment and if making eye contact was not possible (i.e., the investigator was looking down at
the screen or at the other participant) to look at the investigators’ eyes. Subjects who did not
consistently direct their gaze toward the investigator while the words were being spoken were
excluded. The instructional sequence visible to the investigator during the encoding phase is
presented in Figure 4.1 b.
Once the encoding phase was complete, the participants both completed a recognition test
in the same room, at the same time, on separate laptops. One laptop was located on a table behind
both participants. This laptop was set up to run the recognition test before the experiment began
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and remained closed throughout the encoding phase of the experiment. The investigator would
open the laptop located behind the participants to display the recognition test and ask one
participant to take a seat at this laptop. While the participant took their new seat, the investigator
would open the recognition test on the laptop used during the encoding phase, and then turn this
laptop to face the participant who stayed in their original seat. Note that across participants, the
investigator alternated whether the participant on the right or left stayed in their original seat. Once
both participants were seated and both laptops displayed the recognition test screen, the
investigator read the instructions to the participants. Then, the investigator would monitor the
participants’ performance as they completed 4 practice trials (which were excluded from the
analysis). After the practice trials, the investigator left the participants alone in the room to do the
recognition test. The recognition test was the same as in previous experiments except that it now
contained the 18 words studied with eye contact, the 18 words studied while the investigator made
eye contact with the other participant, the 18 words studied while the investigator looked at the
screen, and 54 new words. The trial sequence used during the recognition phase is presented in
Figure 4.1 c. First a fixation cross was presented for 500ms. Next, the word would appear on screen
until the participant indicated by button press whether the word was previously presented or not.
Afterwards, a blank screen would appear for 500ms before the next trial began. After finishing
the recognition task participants remained seated until the investigator came to their room.
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Figure 4.1 The depiction of the experimental setup and procedure used in Study 5. (a) The
arrangement of the investigator, participants and laptop during the encoding phase. In this
example, the investigator is depicted looking at participant A, participant A’s partner (i.e.,
Participant B), or the laptop screen. Note that during the actual experiment participant A
experiences eye contact with the investigator when the investigator looks at them on a given
trial, while participant B simultaneously sees the investigator make eye contact with their
partner. The reverse is also true. By looking at participant B, the investigator makes eye
contact with participant B, and gives participant A the impression that they are making eye
contact with their partner. (b) The instructional sequence that was visible to the investigator
during the encoding phase. When prompted to make eye contact, the investigator made eye
contact as soon as the word appeared on their screen. (c) The trial sequence that was
presented to the participants during the recognition phase of the experiment.

4.1.2

Results
A one-way within-subjects ANOVA was conducted on response time (RT), response

accuracy, response sensitivity (d prime), and response bias (beta) with investigator gaze (3 levels:
participant, partner, and screen) as a variable.
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RT. Mean RT are presented in figure 4.2. There was no main effect of investigator gaze
(F(2,94)=.56, MSE=69422.73, p=0.57).

Figure 4.2 RT as a function of Investigator gaze (Participant, Partner, Screen). Note that
new words have been plotted in this figure as a reference point but were not included in the
analysis. Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

Percentage Correct: Analysis of the accuracy data (see Figure 4.3) revealed a main effect
of investigator gaze (F(2,94)=12.57, MSE=86.01, p<0.001). Three planned two-tailed repeated
measures t-tests revealed that participants recognized more words that were previously spoken
while the investigator looked at them (79%) than when the investigator looked at the other
participant (70%; t(47)=4.64, SEM=2.05, p<0.001) or at the computer screen (74%; t(47)=2.76,
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SEM=1.72, p<0.01). Participants also recognized fewer words that were previously spoken while
the investigator looked at their partner than when the investigator looked down at the computer
screen (t(47)=-2.5, SEM=1.9, p<0.05).

Figure 4.3 Percentage correct as a function of Investigator gaze (Participant, Partner,
Screen). Note that new words have been plotted in this figure as a reference point but were
not included in the analysis. Error bars represent the 95% confidence interval as defined by
Masson and Loftus (2003).

D’: The results mirror the percentage correct. Analysis of the sensitivity data (see Figure
4.4) revealed a main effect of investigator gaze (F(2,94)=12.57, MSE=86.01, p<0.001). Three
planned two-tailed repeated measures t-tests revealed that participants were more sensitive to
words that were previously spoken while the investigator looked at them (1.91) than when they
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looked at the other participant (1.62; t(47)=3.99, SEM=0.73, p<0.001) or at the computer screen
(1.76; t(47)=2.25, SEM=0.07, p<0.05). Participants were also less sensitive to words that were
previously spoken while the investigator looked at their partner than when they looked down at
the computer screen (t(47)=2.19, SEM=0.07, p<0.05).

Figure 4.4 D prime as a function of Investigator gaze (Participant, Partner, Screen). Error
bars represent the 95% confidence interval as defined by Masson and Loftus (2003).

Beta: Analysis of the beta values (see Figure 4.5) revealed a marginal main effect of
investigator gaze (F(2.94)=2.67, MSE=0.15, p=0.08).
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Figure 4.5 Decision bias (Beta) as a function of Investigator gaze (Participant, Partner,
Screen). Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

4.1.3

Discussion

The present study demonstrates that memory performance improved for information presented
when the investigator lifted her head and made eye contact with a participant relative to when the
investigator looked at the screen or made eye contact with their partner. This finding supports the
previous conclusion that memory effects are driven by a social signal associated with the live
investigator’s eye gaze direction. This finding is also consistent with the idea that mutual eye
contact, but not observing a head lift, signals when a particular participant should pay attention to
the words being spoken. (Csibra & Gergely, 2009; Kampe et al., 2003; Senju & Johnson, 2009).
84

As such, participants pay more attention to words when eye contact is made with them than when
eye gaze is directed at something or someone else.
Importantly, there was also a memory cost when the participant saw the investigator look at
someone else relative to when neither participant was looked at (i.e., when the investigator looked
at the screen). This is consistent with the idea that a speaker’s gaze aversion can also reduce
memory for what a speaker says. It also lends further support to the conclusions that the signal
conveyed through eye gaze that leads to these memory effects is socially communicative.
The joint interpretation of these two findings is that eye contact communicates that a message
is important, but only for a specific person (Csibra & Gergely, 2009). A speakers’ eye contact
serves to clarify who the speaker is trying to communicate with, e.g., the message is intended only
for the person who is being looked at. So, a listener is very attentive to a speaker who looks at
them. However, a listener is less inclined to pay attention to a speaker who looks at someone else
since they infer that the speaker's eye gaze communicates that the message is not intended for the
non-gazed-at listener and is meant for the person being looked at instead. In an ambiguous
situation, when a speaker is not looking at anyone, it is not clear who the message is for. Under
such circumstances, a listener appears to be less attentive than when a speaker makes eye contact,
but more attentive then when gaze is directed to the screen. In essence, when two people are
present, an investigator’s eye contact appears to include one in the interaction and excludes the
other.
This idea gives rise to the question of whether a live investigator's eye contact can help to
include someone who is not physically present with the investigator. When in-person interactions
are not possible, video-conferencing has become a popular way of interacting with one another.
Video-conferencing is considered a somewhat richer form of communication than alternative
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modes of communication such as emails or phone calls, since it enables people to see each other
as they communicate. During a live video-conference, non-verbal communicative signals, such as
simulated eye contact, could help facilitate communication, perhaps by alleviating the exclusion
one might feel if they were unable to see these communicative signals. However, in Study 4
(Chapter 3), the memory benefits associated with eye contact disappeared when an investigator
appeared over video, presumably because removing the interactive context stripped the socially
communicative signals. However, both the socially communicative setting and the physical
presence of the investigator were removed simultaneously in that study. If an interactive context
was maintained, for example through a video conference call, an investigator’s eye gaze could be
socially communicative even though the investigator is not physically present.
An interesting question that remains to be tested is whether participants need to be physically
present or not during a live encounter for an investigators’ eye gaze to influence their memory.
Just by being in the room with the investigator, the participants are included in an interaction where
they can easily observe where the investigator looks, assess who the investigator is speaking to
(i.e., either to them, their partner, or to both of them), and use this information to attend
accordingly. However, when a participant is not in the same room as the investigator (i.e.,
communicating via video conference over skype), they are, in a sense, physically excluded from
the interaction. It could be that when a live investigator appears over skype, participants will
continue to interpret and use the investigator’s eye gaze as an attentional cue. Alternatively, a live
investigator presented over skype may be perceived as if they were a pre-recorded video. If that
were the case, the investigator’s eye gaze would not affect how the participants pay attention to
what the investigator says. In sum, presenting an investigator over skype can clarify whether
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participants must be physically present during a live interaction in order to experience the memory
benefits and deficits associated with the investigators’ eye gaze.
4.2

Study 6: Eye contact over skype improves memory and social exclusion hinders it
The Experiment presented in Chapter 3 demonstrated that a live setting is critical for

producing eye gaze related benefits, since these memory benefits disappeared when participants
viewed a video of an investigator instead of having an in-person interaction (Chapter 2). However,
by using a video of the investigator, both the investigator’s physical presence and the live
interaction were removed simultaneously. As such, it is unclear whether eye gaze related memory
benefits (and deficits) would persist during a live interaction if the investigator was not physically
present in the same room as the participant.
To investigate this idea, the current study presents a live investigator over skype with two
participants, who are each seated in a different room. Critically, both participants believe that their
partner is in the room with the investigator and only they are isolated in a different room. If the
investigator's physical presence is critical for producing gaze related memory effects, then neither
a memory benefit nor deficit should be observed in the present study. However, if only the live
setting, and not the investigator’s physical presence, is critical for generating gaze related memory
effects, then the memory effects observed in the previous study should be expressed in the present
investigation.
4.2.1

Method
Participants. Thirty-six female undergraduate students from the University of British

Columbia received course credit for participating. The data from twelve participants were omitted
prior to the analysis due to technological difficulties (8) or a participant’s belief about the location
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of the second participant (4). All had normal or corrected to normal vision and were naive about
the purpose of the Experiment.
Stimuli, Apparatus and Procedure. The stimuli, apparatus and procedure where the same
as those used in the previous study with the exception that now both participants viewed the
investigator over skype instead of in person. Each participant sat in a separate room, in front of a
24-inch monitor set at a resolution of 1920 by 1200, with participants seated ~80 cm from the
screen. The screen displayed the investigator reading the words aloud in real time over skype.
Before the participants were escorted to their rooms, the investigator ensured that skype and the
recognition task were both open on each of their computers. The recognition task was then
minimized to the task bar so that the participant would only see the skype screen when they sat
down. As each participant was seated, they were told that the investigator would be sitting in a
nearby room with another participant who was already seated, and that they would see the
investigator over skype. Participants were instructed to look at the investigator’s eyes throughout
the experiment as though they were trying to make eye contact with the investigator, even when
the investigator was not looking at the participant.
Then, the investigator sat in a room separate from both participants across from two laptops
that were placed where the participants were seated in the previous experiment. See figure 4.6 for
the experimental setup during the encoding phase. Each laptop provided a view of the investigator
to a participant (i.e., either participant A or B). To give the impression that the investigator was
looking at a particular participant, the investigator looked into the camera of a laptop to simulate
eye contact. The investigator had a third laptop which provided instructions identical to the
previous experiment indicating whether to look at the camera of the laptop on their left (simulating
eye contact for participant A in figure 4.6), on their right (simulating eye contact for participant B
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in figure 4.6), or down at the laptop screen directly in front of them. Thus, each participant could
see the investigator look at them, their partner, or the laptop screen in front of the investigator.
Before beginning the encoding phase, the investigator asked whether the participants had any
questions. The experimenter intentionally looked into the camera of each participant’s laptop to
simulate eye contact after asking the question. If a participant did have a question, the investigator
would simulate eye contact with the participant while they listened to the question, and while they
responded to the question. Once both participants had verbally confirmed that they had no more
questions, the encoding phase would begin. This is important to note since this verbal confirmation
provided evidence to both participants that there was a second person participating in the study.

Figure 4.6 The depiction of the experimental setup and procedure used in Study 6. (a) The
arrangement of the investigator, participants and laptops during the encoding phase. In this
example, the investigator is depicted looking at participant A, participant A’s partner (i.e.,
Participant B), or the laptop screen.
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Once the encoding phase was over, the investigator would explain the recognition task to
the participants over skype. After confirming that both participants understood the instructions,
the investigator would say, “If you are joining us on skype, please close skype and open up the
program that is minimized on the task bar. I will come to your room shortly to make sure you are
set up properly” while looking away from both participants (i.e., down at their laptop screen).
Next, the investigator would close the skype video conversation and go to check that each
participant had successfully opened the recognition task. Note that across participants, the
investigator alternated whether they checked on participant A or participant B first. The
recognition task itself was identical to the previous experiment.
When the participants were finished the recognition task, the investigator would debrief
each participant separately. After explaining that both participants had participated in the
experiment over skype, the investigator would ask if the participant believed that their partner was
in the room with the experimenter. Two participants said “no” and both their data (2) and their
partner’s data (2) was discarded. Participants were also asked whether they noticed any glitches or
technical difficulties (i.e., the screen froze, the video connection failed, etc.) while the
experimenter was reading words to them. Four participants said “yes” and both their data (4) and
their partner’s data (4) was excluded from the analysis.

4.2.2

Results
A one-way within-subjects ANOVA was conducted on response time (RT), response

accuracy, response sensitivity (d prime), and response bias (beta) with investigator gaze (3 levels:
participant, partner, and screen).
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RT. Mean RT are presented in figure 4.7. There was no main effect of investigator gaze
(F(2,70)=.47, MSE=27427.35, p=0.63).

Figure 4.7 RT as a function of Investigator gaze (Participant, Partner, Screen). Note that
new words have been plotted in this figure as a reference point but were not included in the
analysis. Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

Percentage Correct: Analysis of the accuracy data (see Figure 4.8) revealed a main effect
of investigator gaze (F(2,70)=5.27, MSE=97.09, p<0.01). Three planned two-tailed repeated
measures t-tests revealed that participants recognized more words that were previously spoken
while the investigator looked at them (72%) than when they looked at the other participant (65%;
t(35)=3.7, SEM=1.97, p<0.001) or at the computer screen (67%; t(35)=2.26, SEM=2.39, p<0.05).
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However, unlike the previous study, there was no significant difference in the recognition of words
that were previously spoken while the investigator looked at the screen or the participant’s partner
(t(35)=0.72, SEM=2.57, p=0.48).

Figure 4.8 Percentage correct as a function of Investigator gaze (Participant, Partner,
Screen). Note that new words have been plotted in this figure as a reference point but were
not included in the analysis. Error bars represent the 95% confidence interval as defined by
Masson and Loftus (2003).

D’: The results mirror the accuracy data. Analysis of the sensitivity data (see Figure 4.9)
revealed a main effect of investigator gaze (F(2,70)=4.86, MSE=.11, p<0.05). Three planned twotailed repeated measures t-tests revealed that participants were more sensitive to words that were
previously spoken while the investigator looked at them (1.75) than when they looked at their
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partner (1.52; t(35)=3.4, SEM=0.07, p<0.005) or at the screen (1.57; t(35)=2.11, SEM=0.08,
p<0.05). However, unlike the previous study, there was no significant difference in how sensitive
participants were to words that were previously spoken while the investigator looked at the
computer screen or at their partner (t(35)=0.66, SEM=0.08, p=0.51).

Figure 4.9 D prime as a function of Investigator gaze (Participant, Partner, Screen). Error
bars represent the 95% confidence interval as defined by Masson and Loftus (2003).
Beta: Analysis of the beta values (see Figure 4.10) revealed no main effect of investigator
gaze (F(2.70)=0.35, MSE=0.25, p=0.71).
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Figure 4.10 Decision bias (Beta) as a function of Investigator gaze (Participant, Partner,
Screen). Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

4.2.3

Discussion
In the present experiment, a participant’s memory was best for words communicated when

the investigator simulated eye contact over skype. This suggests that an investigator’s eye contact
is beneficial in live settings, regardless of whether the participant is in the room with the
investigator or not (i.e., over skype). This finding also stands in contrast to the finding in Chapter
3 that participants’ memory for words did not improve when a pre-recorded investigator simulated
eye contact over video as they spoke. Presumably, when presented over skype, an investigator’s
eye contact serves to include a participant in the social exchange. In person, participants interpreted
an investigator’s eye contact as specifying who an investigator was intending to communicate with
94

when more than one person is present (Csibra & Gergely, 2009; Senju & Csibra, 2008; Csibra,
2010; Szufnarowska et al, 2015).
While there was a memory benefit when looked at, there was a cost for words spoken
anytime the investigator looked away from the participant over skype. This performance cost was
similar regardless of whether the investigator was looking towards another person or at their
computer screen as she spoke. This finding stands in contrast to the observation in the previous
experiment that memory is hindered more during an in-person interaction when the investigator
looked at the participant's partner than when they looked at neither participant. Thus, a
participant’s physical presence does influence whether an investigator's eye contact with another
person will hinder memory performance. It is possible that social exclusion is experienced over
skype anytime the investigator looks away from the camera, regardless of who/what the
investigator is looking at. In contrast when an interaction occurs in person, seeing the investigator
look at someone else will momentarily exclude a participant from the interaction, which interferes
with memory performance. However, being physically present in the room may lessen the
experience of social exclusion when the investigator looks at the computer screen (and one can see
that the investigator is not communicating to any particular person).
The data here converges on the idea that the memory effects are due to eye contact and
how it is interpreted by participants, i.e., that spoken words are intended for the person who is
making eye contact. While an implicit assumption has been that these effects are unique to eye
gaze, it is reasonable to ask if other cues that suggest who information is for, such as pointing
(Yoon, Johnson, & Csibra, 2008) or calling out someone’s name (Kampe et al., 2003) might
produce similar memory effects. On the other hand, making eye contact with the investigator also
conveys a strong signal that the investigator can see you (or is watching you). The feeling of being
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watched motivates people to behave in more socially desirable ways (Bond & Titus, 1983; Levine,
Resnick, & Higgins, 1993; Nasiopoulos, Risko, Foulsham, & Kingstone, 2014; Nasiopoulos et al.,
2015; Risko & Kingstone, 2011; Zajonc, 1965). In the context of the task, behaving in a socially
desirable way would be to follow task instructions to pay attention to what the investigator says.
However, when eye contact is made with the participant’s partner, the participant believes that
someone else is being monitored and s/he is thus excluded (i.e., the signal is not for me but for
someone else). As a result, less attention is committed to the investigator's behaviour (i.e. a spoken
word). The signal that one is “being monitored” is special to eye contact, and is not associated with
other non-verbal communicative gestures, such as pointing. If these memory benefits arise when
participants feel motivated to perform well because they are being monitored and deficits occur
when a participant believes that someone else is being monitored, then other gestures should not
produce these memory effects.
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Chapter 5: Do other social cues produce and drive memory effects?
Studies 5 and 6 in Chapter 4 demonstrate that eye contact can improve memory for what a
speaker says, whereas not being selected for eye contact can degrade memory for what a speaker
says. These changes in memory can be attributed to an observer interpreting that a speaker’s eye
contact signals who should pay attention during a social encounter, and who should not. However,
this particular signal can be sent through many other socially communicative gestures (i.e.,
pointing, Yoon et al., 2008), so the observed memory effects this signal produces need not
necessarily be specific to eye gaze. For example, eye gaze and many other non-verbal gestures
(e.g., pointing, Yoon et al., 2008; head and hand movements, changes in facial expression, Kampe,
Frith & Frith, 2003; Morey, 1959, being spoken to, Kuhn et al., 2016) are used to bring something
to the attention of others. These gestures can also be used to single out a particular person or object
from a group; in the way that eye contact can specify who should pay attention. In a sense, a
speaker’s eye contact or hand gesture could be used to “point” out a specific person in an audience.
If this signal is crucial for driving the memory effects observed previously, then similar
performance benefits and deficits should be observed regardless of whether the investigator points
or looks at the two participants.
That said, specifying who should pay attention is not the only social signal that is conveyed
through a speaker’s eye contact. Eye contact also sends a powerful signal that one is being
observed (Conty et al., 2016; Gobel et al., 2015; Hazem et al., 2017; Myllyneva & Hietanen, 2016;
Risko et al., 2016). This signal is a unique property of eye contact and may distinguish it from
other communicative gestures or cues (i.e., such as pointing) that express who a speaker intends
to communicate with, and researchers have speculated that it is the combination of signaling to
others, and observing others, that contributes to eye gaze being a particularly sensitive stimulus. If
97

the signal that produces these memory effects is specific to eye contact, then only a speaker’s eye
contact could produce these observed memory effects
Studies 7 and 8 investigate if the performance benefits and deficits produced in response
to an investigator's eye gaze are specific to eyes, or whether they can be generated through the use
of other communicative gestures that suggest who the message is for without also signaling to that
person that s/he is being observed.

5.1

Study 7: Hand gestures produce memory task benefits and deficits
It is currently unclear which signal conveyed through eye contact is helping and hindering

memory performance. To distinguish which particular signal produces these performance effects,
the present study will explore whether these memory effects persist when an investigator points
(instead of looks) at a participant, their partner, or neither participant, while speaking a series of
words. Afterwards, the words will be presented in a recognition test. If a signal that is unique to
eye contact, such as the feeling of being watched, is responsible for the previously observed
memory effects, then no memory effects should be observed in response to the investigators
pointing. On the other hand, if these performance effects occur when a different nonverbal signal
suggests who should pay attention, then test performance may improve for words spoken while
the investigator points at a participant and worsen when the investigator points at their partner. In
the event that both memory benefits and deficits are produced by a gesture other than the eyes, this
would be a powerful demonstration that the eyes and other gestures produce these memory effects
through the same mechanism – a communicative signal of "who the word is for”.
That said, these two communicative signals could operate simultaneously, and their impact
on memory could be different. The memory benefits and memory deficits could be produced
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through different mechanisms, and one effect, but not the other, could be unique to the eyes. Recall
in the previous chapter (Studies 5 and 6) that the investigator’s physical presence did not change
whether the investigator’s eye contact improved memory for what was said. However, when the
investigator was not physically present, simply looking away was enough to generate a memory
deficit for what was said and knowing whether the investigator looked at someone or something
did not differentially affect performance. Thus, it could be that only eyes can improve memory
when a participant is selected because the feeling of being monitored is unique to the eyes. If that
were the case then this particular memory improvement could not be generated with a different
non-verbal social gesture since only eye contact can lead one to feel monitored. However, if
signaling ‘who a message is for’ generated the memory deficits then memory should worsen
anytime someone else other than the participant is referenced, and this effect should generalize
from the eyes to other social cues that specify, “who a message is for”.
The present study will clarify which mechanism underlies the previously reported memory
benefits and deficits that have been observed in response to eye gaze.
5.1.1

Method
Participants. Forty-eight female undergraduate students from the University of British

Columbia received course credit for participating. All had normal or corrected to normal vision
and were naive about the purpose of the experiment.
Stimuli, Apparatus and Procedure. The stimuli, apparatus and procedure where the same
as those used in Study 5 in Chapter 5 with the exception that now the investigator pointed at the
participant, their partner, or made no gesture before saying the word on a given trial on a given
trial.

99

The instructional sequence that was visible to the investigator during the encoding phase
was the same as in the studies reported in Chapter 4 only it prompted the investigator to “point”
instead of “look” at participants (for the exact timing, please refer to Figure 4.1). The instructions
would prompt the investigator to point at a given participant, and then 1 second later a word would
appear. The investigator would point and read the word simultaneously as soon as the word
appeared. While reading the words to the participants, the investigator kept her eyes down on the
screen. She kept her hand hidden behind the laptop screen out of the participants’ view. To point
at the participants, the investigator would lift her right hand above the laptop screen and extend
her index finger to briefly point at the participant (slightly less than a second), and then return her
hand behind the laptop.

5.1.2

Results
A one-way within-subjects ANOVA was conducted on response time (RT), response

accuracy, response sensitivity (d prime), and response bias (beta) with investigator pointing (3
levels: participant, partner, and no one) as an independent variable.
RT. Mean RT are presented in figure 5.1. There was a main effect of investigator pointing
(F(2,94)=3.79, MSE=30717.81, p<0.05). Three planned two-tailed repeated measures t-tests
revealed that participants were faster to recognize words that were previously spoken while the
investigator pointed at them (911 ms) than at the other participant (1007 ms; t(47)=2.27,
SEM=42.22, p<0.05), or at the screen (979 ms; t(47)=2.42, SEM=27.89, p<0.05). However, there
was no difference in how quickly participants recognized words that were said while the
investigator pointed at the other participant or at no one (t(47)=.8, SEM=35.77, p=0.43).
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Figure 5.1 RT as a function of Investigator pointing (Participant, No one, Partner). Note that
new words have been plotted in this figure as a reference point but were not included in the
analysis. Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

Percentage Correct: Analysis of the accuracy data (see Figure 5.2) revealed a main effect
of investigator pointing (F(2,94)=18.88, MSE=129.14, p<0.001). Three planned two-tailed repeated
measures t-tests revealed that participants recognized more words that were spoken while the
investigator pointed at them (77%) than at the other participant (63%; t(47)=6.21, SEM=2.3,
p<0.001), or at no one (71%; t(47)=2.68, SEM=2.42, p<0.05). Participants also recognized fewer
words that were previously spoken when the investigator pointed at the other participant than when
they did not point (t(47)=3.45, SEM=2.25, p<0.005).
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Figure 5.2 Percentage correct as a function of Investigator pointing (Participant, No one,
Partner). Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

D’: The results mirror the accuracy data. Analysis of the sensitivity data (see Figure 5.3)
revealed a main effect of investigator pointing (F(2,94)=19.65, MSE=0.14, p<0.001). Three planned
two-tailed repeated measures t-tests revealed that participants were more sensitive to words that
were previously spoken while the investigator pointed at them (1.86) than at the other participant
(1.37; t(47)=6.32, SEM=0.08, p<0.001) or at no one (1.64; t(47)=2.61, SEM=0.08, p<0.05).
Participants were also less sensitive to words that were previously spoken while the investigator
pointed at the other participant than when they did not point (t(47)=3.67, SEM=0.07, p<0.005).
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Figure 5.3 D prime as a function of Investigator pointing (Participant, No one, Partner).
Error bars represent the 95% confidence interval as defined by Masson and Loftus (2003).

Beta: Analysis of the beta values (see Figure 5.4) revealed a main effect of investigator
pointing (F(2.94)=7.86, MSE=0.32, p<0.005). Three two-tailed repeated measures t-tests revealed
that participants responded more liberally to words that were previously spoken while the
investigator pointed at them (1.60) than the other participant (2.06; t(47)=3.79, SEM=0.12,
p<0.001) and when the investigator did not point (1.83; t(47)=1.93, SEM=0.12, p=0.06).
Participants also responded more conservatively to words that were previously spoken while the
investigator pointed at the other participant than when they did not point (t(47)=2.17, SEM=.1,
p<0.05).
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Figure 5.4 Decision bias (Beta) as a function of Investigator pointing (Participant, No one,
Partner). Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).

5.1.3

Discussion
In this study, participants who were tested in pairs remembered words best when they were

spoken by an investigator who pointed at them. Word recognition was also hindered when the
investigator pointed at the other participant relative to when the investigator did not point. The
findings here replicate the memory benefits and deficits that were produced in response to an
investigator’s eye gaze in Studies 5 and 6 (Chapter 4). Thus, the present data suggest that different
gestures may affect memory through the same mechanism, and that the performance benefits and
deficits in response to eye gaze and pointing arose from similar mechanisms. It could be that
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pointing, eye gaze, and potentially other non-verbal gestures, can be used to signal when a
particular person should pay attention. If the nature of the memory effect (when it occurs) is not
unique to eyes, then a key distinguishing dimension of eyes -- that they observe as well as signal - is not a critical feature to memory modulation.
Since both eye gaze and pointing are visual, non-verbal gestures that can be used by a
speaker, it is sensible that these cues could elicit attentional shifts that influence encoding in the
same way. Plenty of laboratory research supports the idea that these cues can operate via similar
mechanisms to elicit changes in attention when they are observed (though this is still a point of
contention in the scientific community, see Ristic & Kingstone, 2012; Olk, Tsankova, Petca &
Wilhelm, 2014). An intriguing question is whether similar encoding benefits and deficits could be
produced by referential signals that are verbal in nature. For example, an instructor could single
out a student in their class by calling out their name (Kampe, Frith, & Frith, 2003), which is an
auditory signal, or by gesturing towards the student (i.e., looking at them, or pointing at them).
While both pointing and eye contact can easily be observed, a verbal signal can only be heard. A
speaker’s visual and verbal referential signals could operate via different mechanisms, in which
case they might have differential effects on how participants encode information during a live
encounter. By using a verbal signal to refer to participants, the cue will no longer be visual or nonverbal in nature, and the referential signal would not even be directional in nature (which could
lead to an attentional shift, associated with what the speaker is saying, towards or away from the
participant, Ristic & Kingstone, 2012; Olk, et al., 2014). If none of these visual aspects of the eyes
and pointing contribute to the memory effects, and only the signal that a message is for a particular
person drives these effects, then the memory effects observed in response to the eyes and pointing
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should generalize to a verbal cue that also conveys this signal. This idea is tested in the next
experiment.

5.2

Study 8: Verbal signals produce memory task benefits and deficits
In the previous studies, memory benefits and deficits were generated through the use of

non-verbal gestures that could easily be observed. However, it is unclear whether referential cues
of different modalities (i.e., verbal instead of visual) will also produce similar memory benefits
and deficits. This idea will be tested by using an investigator who reads words aloud to a pair of
participants just after calling out the name of a participant, their partner, or neither participant. If
the same mechanism underlies these verbal and non-verbal referential signals, then relative to
when no one’s name is called, performance should improve for words spoken just after the
investigator calls out a participant’s name and should worsen when their partner’s name is called.
However, if the mechanisms subserving verbal and non-verbal cues are in fact different, then any
memory effects generated by the investigator calling out the name of the participant, their partner,
or no one would differ from those generated by pointing in the previous experiment.

5.2.1

Method
Participants. Forty-eight female undergraduate students from the University of British

Columbia received course credit for participating. All had normal or corrected to normal vision
and were naive about the purpose of the experiment.
Stimuli, Apparatus and Procedure. The stimuli, apparatus and procedure where the same
as those used in the previous Experiment with the exception that now the investigator called out
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the name of the participant, their partner, or said neither participants’ name before saying the word
on a given trial. The investigator asked the participants their names at the outset of the study.
The instructional sequence that was visible to the investigator during the encoding phase
was the same as in the studies reported in Chapter 4 and the previous study only it prompted the
investigator to “name” participants instead of “point” or “look” at participants (for the exact
timing, please refer to Figure 4.1). The instructions would first prompt the investigator to name a
given participant, and then 1 second later a word would appear on screen. The investigator would
say the participants’ name as soon as the word appeared and then read the word immediately after
(approximately half a second after naming the participant). While reading the words to the
participants, the investigator kept her eyes down on the screen.

5.2.2

Results
A one-way within-subjects ANOVA was conducted on response time (RT), response

accuracy, response sensitivity (d prime), and response bias (beta) with investigator naming (3
levels: participant, partner, and no one) as an independent variable.
RT. Mean RT are presented in figure 5.5. There was no main effect of investigator naming
(F(2,94)=.02, MSE=30206.40, p=0.97).
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Figure 5.5 RT as a function of investigator naming (Participant, No one, Partner). Note that
new words have been plotted in this figure as a reference point, but were not included in the
analysis. Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).
Percentage Correct: Analysis of the accuracy data (see Figure 5.6) revealed a main effect
of investigator naming (F(2,94)=14.98, MSE=170.31, p<0.001). Three two-tailed repeated measures
t-tests revealed that participants recognized more words that were spoken after the investigator
called out their name (75%) than when the other participants’ name was called (60%; t(47)=5.202,
SEM=2.78, p<0.001), or no one’s name was called (66%; t(47)=3.5, SEM=2.51, p<0.005).
Participants also recognized more words that were spoken after the investigator called no one’s
name than when the other participants’ name was called (t(47)=2.11, SEM=2.69, p<0.05).
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Figure 5.6 Percentage correct as a function of Investigator naming (Participant, No one,
Partner). Note that new words have been plotted in this figure as a reference point, but were
not included in the analysis. Error bars represent the 95% confidence interval as defined by
Masson and Loftus (2003).

D’: The results mirror the accuracy data. Analysis of the sensitivity data (see figure 5.7)
revealed a main effect of investigator naming (F(2,94)=14.02, MSE=0.18, p<0.001). Three twotailed repeated measures t-tests revealed that participants were more sensitive to words that were
said after the investigator called their name (1.76) than when the other participant was called (1.31;
t(47)=5.07, SEM=0.09, p<0.001) or no one was named (1.5; t(47)=3.14, SEM=0.08, p<0.005).
Participants were also more sensitive to words said when the investigator called no one then when
they called the other participant (t(47)=2.24, SEM=0.08, p<0.05).
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Figure 5.7 D prime as a function of Investigator naming (Participant, no one, partner). Error
bars represent the 95% confidence interval as defined by Masson and Loftus (2003).

Beta: Analysis of the beta values (see Figure 5.8) revealed a marginal main effect of
investigator naming (F(2.94)=2.46, MSE=0.29, p=0.09). Three two-tailed repeated measures t-tests
revealed that participants responded more liberally to words that were previously spoken after the
investigator called them (1.56) than when they called the other participant (1.80; t(47)=2.57,
SEM=0.09, p<0.05), but not when they named no one (1.72; t(47)=1.64, SEM=0.1, p=0.11). There
was no significant difference in how conservatively participants responded to words that were
previously said after the investigator named the other participant or no one (t(47)=0.57, SEM=0.13,
p=0.57).
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Figure 5.8 Decision bias (Beta) as a function of Investigator naming (Participant, no one,
partner). Error bars represent the 95% confidence interval as defined by Masson and Loftus
(2003).
Comparison between Studies 5, 7, and 8. An additional follow-up analysis comparing all
studies 5 (eye contact), 7 (pointing) and 8 (name calling) was run to reveal any differences (or
similarities) in these different cues had on memory. It is possible that the personalized verbal cue
(i.e., calling out the participant’s name) provided an additional encoding boost relative to the nonverbal cues (i.e., pointing or eye contact). Hearing one’s own name could have a more powerful
effect on attention than being pointed at or looked at (Arons, 1992; Conway, Cowan, & Bunting,
2001; Hawley, Litovsky, & Culling, 2004; Pollack & Pickett, 1957; Wood & Cowan, 1995).
Indeed, one can easily focus their auditory attention on their name while filtering out a range of
other sounds and conversations coming from noisy room (i.e., the cocktail party effect; Arons,
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1992; Conway, Cowan, & Bunting, 2001; Hawley, Litovsky, & Culling, 2004; Pollack & Pickett,
1957; Wood & Cowan, 1995). It could be the case that we have such strong associations formed
with our name that we can more easily process the message associated with the signal it may
convey (i.e., you need to pay attention).
To test this possibility, the performance benefits and deficits observed in this study were
compared to those observed in the previous study which used pointing, and Study 5 (Chapter 4)
which used eye contact. A two-way mixed ANOVA was conducted on response accuracy with the
person indicated (3 levels: participant, partner, and no one) as the within participant variable and
investigator cue (3 levels: eye gaze, pointing, naming) as the between participant variable. There
was a main effect of person indicated (F(2,282)=45.45, MSE=128.49, p<.001), such that relative to
when no one is indicated (70%), participants recognize fewer words when their partner is indicated
(64%; t(143)=4.57, SEM=1.32, p<.001) and more words when they are indicated (77%; t(143)=5.16,
SEM=1.29, p<.001). Participants also recognize more words when they are indicated than when
their partner is indicated (t(143)=9.19, SEM=1.38, p<.001). There was also a main effect of
investigator cue (F(2,141)=3.40, MSE=581.79, p<.05), such that relative to when the investigator
used eye gaze (74%), participants recognized fewer words than when the investigator used naming
(67%: t(94)=2.64, SEM=1.9, p<.05), but not when they use pointing (70%; t(94)=1.34, SEM=2.06,
p<.19). Relative to when the investigator points, there is no significant difference in the amount
of words participants recognize when the investigator uses naming (t(94)=1.3, SEM=1.9, p<.21).
Critically, there was no interaction between person indicated and investigator cue (F(4,282)=1.29,
MSE=107.58, p=.28).
The failure to detect an interaction between the person indicated and investigator cue
suggests that the performance benefits and deficits were similar in this study to both the eye contact
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and pointing studies. Thus, it is unlikely that calling out one’s name provides a more salient cue
than being looked at or pointed at. This finding also lends further support to the idea that the same
mechanism subserves all referential cues, regardless of whether they are verbal or non-verbal.

5.2.3

Discussion

In this study, calling out a participant’s name helped them remember what the investigator
said. However, when the investigator called out their partner’s name, participants were less likely
to remember what the investigator said relative to when no name was called. These findings mirror
the memory benefits and deficits that were found in the previous study when the investigator
pointed at participants, and in Studies 5 and 6 (Chapter 4) when the investigator made eye contact
with participants. Indeed, a comparison of the memory benefits and deficits observed in response
to verbal cues (in this study), pointing (Study 7), and eye contact (Study 5 in Chapter 4) revealed
that the performance benefits and deficits were similar in this study to both the eye contact and
pointing studies. These data suggest that the emergence of these effects does not depend on the
modality of a social signal, and that instead these memory effects can be generated by both verbal
and non-verbal social signals. Furthermore, the data lend support to the idea that individuals infer
a similar communicative signal (i.e., who’s turn it is to pay attention) from eye contact, gestures,
and verbal cues, and that this inference is driving all of the memory benefits and deficits that have
been observed in this chapter (Studies 7 and 8) and the previous chapter (Studies 5 and 6). The
findings also stand in contrast to the idea that the investigator’s eye contact in Studies 5 and 6
(Chapter 4) made participants feel compelled to behave in socially desirable ways.
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While the studies presented in this chapter certainly suggest that eye contact and other
referential cues are all providing a similar signal, it is still the case that eye contact is
simultaneously providing additional signals (Conty, George, & Hietanen, 2016; Gobel, Kim, &
Richardson, 2015; Jarick & Kingstone, 2015; Myllyneva & Hietanen, 2015, 2016; Nasiopoulos,
Risko, & Kingstone, 2015; Risko & Kingstone, 2015; Risko et al., 2012; Risko, Richardson, &
Kingstone, 2016). These other signals do not interfere with or alter the processing that occurred
during the experimental task. However, only female participants were tested. Recall in Studies 13 (Chapter 2) that male participants did not decode or use the signal to pay attention that was
embedded in the speaker’s eye contact. Based on these findings, male participants were excluded
in from Studies 5-8 (Chapters 4 and 5) in order to more effectively explore the memory benefits
that were being generated by eye contact in Studies 1-3 (Chapter 2). Even though the experiments
presented in this chapter and the last demonstrate that female participants can interpret and use a
variety of different socially communicative cues, it is not clear whether male participants can.
We speculated that females were simply more effective than males at decoding social cues.
However, it could be that the males can effectively decode a social signal to pay attention, but not
when the signal is conveyed through eye contact. Perhaps they would be able to decode the signal
if it was conveyed through pointing or verbal cues. If the eyes truly do not convey unique signals
that contribute to the emergence of these memory benefits and deficits, then we would expect that
memory for what a speaker says would be uninfluenced when any social cue is used to indicate a
message is for a male participant. This idea will be explored further in the next chapter.
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Chapter 6: Can other social cues produce memory benefits in males? (Study 9)
In Studies 1-3 (Chapter 2), recognition performance improved when an investigator looked
at female participants, but not when male participants were looked at. To better explore the
performance benefits associated with eye contact, males were excluded from Studies 5-8 (Chapters
4 and 5) where females not only benefited from being looked at, but also from being pointed at or
called on by the investigator. The findings from Studies 5-8 (Chapters 4 and 5) suggest that the
memory benefits observed in Studies 1-3 (Chapter 2) generalized to other cues that are referential
in nature (i.e., a signal suggesting who a message is intended for). The studies thus far indicate
that female participants interpret and use a variety of socially communicative cues, including eye
contact, to improve their memory performance. This raises the question of whether males’ memory
performance can be improved or not when the signal “that a message is for them” is not conveyed
thorough eye gaze but through some other cue instead.
In Studies 1-3 (Chapter 2), male participants’ memory performance did not improve when
an investigator looked at them, suggesting that they were unable to interpret the signal that a
message was for them. While there is a body of research suggesting that females are generally
better than males at decoding any social cue (Bailenson et al., 2001; Bayliss et al., 2005; Connellan
et al., 2000; Hall, 1978; Lutchmaya et al., 2002; Marschner et al., 2015; Yee et al., 2007), eye gaze
is a particularly rich stimulus that is unique from other non-verbal cues because it can convey
many signals simultaneously (i.e., being watched, pay attention, etc.). Further, laboratory evidence
suggests that eye gaze is represented and processed in the brain differently than other social cues
(Carlin & Calder, 2013; Emery, 2000; Grossmann, 2017; Hooker et al., 2003; Itier & Batty, 2009;
Tipper, Handy, Giesbrecht, & Kingstone, 2008). While females may have an advantage for
interpreting the referential signal and the investigator’s eye contact simultaneously, males may
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struggle to process or ignore the eye contact which prevented them from interpreting the more
general signal that a message is for them.
In light of the findings from Studies 7 and 8 (Chapter 5) that pointing and name calling
have similar effects on memory as eye gaze, it is of both empirical and theoretical importance to
determine whether males can interpret the signal that they should pay attention when it is conveyed
through a stimulus other than eye contact, such as pointing or name calling. It could be that males
only struggle to process eye gaze, but not the referential signal that they should pay attention. This
would mean that eye contact is unique in that it conveys additional information that can interfere
with encoding and remembering what a speaker says. On the other hand, it is also possible that
male participants will be unable to process the signal that a message is for them regardless of
whether the signal is conveyed through eye contact or not. The present study will tease these two
possibilities apart.
To clarify whether or not male participants can benefit from socially communicative cues
that do not rely on eye contact, an investigator read words aloud while either pointing at a
participant or not. Pointing was examined in this study because pointing gestures share more
similarity with eye gaze than name-calling since pointing is a visual part of the body that is
directional and delivers signals non-verbally. These words were then presented in a recognition
test. If pointing does improve test performance, this would suggest that males can decode nonverbal gestures, but that they struggle to process eye contact. This finding would also support the
idea that eye contact and other socially communicative gestures are functionally different.
However, if pointing fails to improve test performance, it would suggest that males struggle to
decode the non-verbal communicative cue. This finding would instead support the idea that eye
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contact and other socially communicative gestures affect memory through the same mechanism,
at least with regard to the present paradigm.

6.1

Methods
Participants. Twenty-eight undergraduate students from the University of British

Columbia (28 males) received course credit for participating. All had normal or corrected to
normal vision and were naive about the purpose of the experiment.
Design. Investigator pointing (Investigator pointing: at participant and no pointing) was
manipulated within participant.
Stimuli, Apparatus and Procedure. The stimuli, apparatus and procedure where the same
as those used in Study 1 in Chapter 2 with the exception that now the female investigator pointed
at the participant or made no gesture before saying the word on a given trial.
Instead of prompting the investigator to “look”, the instructional sequence during the
encoding phase now promoted the investigator to “point” at the participant (for the exact timing,
please refer to Figure 2.1). One second later, a word would appear on screen. As soon as the word
appeared, the investigator would point and read the word simultaneously. While reading the words
to the participants, the investigator kept her eyes and head directed towards the computer screen,
and kept her hand hidden behind the laptop screen out of the participants view. To point at the
participant, the investigator would lift her right hand above the laptop screen and extend her index
finger to briefly point at the participant (slightly less than a second), and then return her hand
behind the laptop.
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6.2 Results
Four two-tailed t-tests were conducted on response time (RT), response accuracy
(percentage correct), response sensitivity (d prime) and response bias (beta) with investigator
pointing (2 levels: participant and no pointing) as a within participant factor.
RT. Mean RTs are presented in figure 6.1. There was no effect of investigator pointing
(t(27)=0.41, SEM=43.49, p=0.68).

Figure 6.1 RT as a function of whether the investigator pointed (without pointing versus with
pointing). Note that new words have been plotted in this figure as a reference point but were
not included in the analysis. Error bars represent the 95% confidence interval as defined by
Masson and Loftus (2003).

Percentage correct. Analysis of the accuracy data (see Figure 6.2) revealed a main effect
of investigator pointing (t(27)=2.85, SEM=1.60, p<0.01), such that participants recognized more
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words that were spoken while the investigator pointed at them (71%) than when no gesture was
made (66%).

Figure 6.2 Percentage correct as a function of whether the investigator pointed (without
pointing versus with pointing). Note that new words have been plotted in this figure as a
reference point but were not included in the analysis. Error bars represent the 95%
confidence interval as defined by Masson and Loftus (2003).

D’. The results mirror the accuracy data. Analysis of the sensitivity data (see Figure 6.3)
revealed a main effect of investigator pointing (t(27)=2.79, SEM=0.05, p<0.05), such that
participants were more sensitive to words that were spoken while the investigator pointed at them
(1.47) than when no gesture was made (1.33).
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Figure 6.3 D prime as a function of whether the investigator pointed (without pointing versus
with pointing). Error bars represent the 95% confidence interval as defined by Masson and
Loftus (2003).

Beta. Analysis of the beta values (see figure 6.4) revealed that there was no effect of
investigator pointing (t(27)=1.81, SEM=0.13, p=0.09).
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Figure 6.4 Decision bias (Beta) as a function of whether the investigator pointed (without
pointing versus without pointing). Error bars represent the 95% confidence interval as
defined by Masson and Loftus (2003).

Comparison between eye gaze (Study 1 in Chapter 2) and pointing (Study 9) in male
participants. An additional analysis was conducted to directly compare the memory effects
observed in response to eye gaze in Study 1 in Chapter 2 and pointing in the present study. Only
the male participants from Study 1 were used for comparison purposes. A two-way mixed ANOVA
was conducted on response time (RT), response accuracy (percentage correct), response sensitivity
(d prime) and response bias (beta) with investigator cue (2 levels: participant and no one) as the
within participant factor and cue type (2 levels: eye gaze and pointing) as the between participant
factor. Critically, analysis of the accuracy data revealed an interaction between investigator cue
and cue type (F(1,68)=13.64, MSE=36.59, p<.001), such that when the investigator used eye gaze
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in Study 1, participants recognized fewer words read while the investigator made eye contact with
them (73%) than when they did not (76%; t(41)=2.37, SEM=1.33, p<0.05). However, when the
investigator pointed, the pattern reversed - participants recognized more words that were spoken
while the investigator pointed at them (71%) than when no gesture was made (66%; t(27)=2.85,
SEM=1.60, p<0.05)6.

6.3

Discussion
The results from this study demonstrate that pointing can improve recognition performance

in male participants. This stands in contrast to Studies 1-3 presented in Chapter 2, where eye
contact failed to generate memory benefits in male participants. Furthermore, the comparison
between the memory effects observed in male participants in response to eye gaze in Study 1 in
Chapter 2 and pointing in the present study indicate that while males may struggle to use and/or
choose to ignore eye gaze as a nonverbal referential social signal, they can interpret a different
nonverbal referential social signal, i.e., pointing. Males may use pointing, but not eye gaze,
because pointing is a more overt signal. Eye contact, on the other hand, conveys a variety of
different signals, which could make it more challenging for males to process. The finding that
males do not use the investigator’s eye contact, whereas females do, is consistent with the idea that
females are more sensitive to the subtle messages (or are better able to parse the various signals)
embedded in one’s eye gaze (Bailenson et al., 2001; Bayliss et al., 2007; Connellan et al., 2000;
Hall, 1978; Lutchmaya et al., 2002a; McClure, 2000; Rosenthal et al., 1979).

6

The full analysis is reported in Appendix D.
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Furthermore, while Studies 5-8 (Chapters 4 and 5) demonstrate that eye contact and other
social gestures communicate similar signals, the data from the current study highlight the
differences that exist in what these social signals convey. There is an ongoing debate regarding
whether different cues are subserved by different mechanisms (Brignani, Guzzon, Marzi, &
Miniussi, 2009; Marotta, Román-Caballero, & Lupiáñez, 2018; Olk, Tsankova, Petca, & Wilhelm,
2014; Ristic & Kingstone, 2012). This particular study suggests that these cues affect memory
through different mechanisms, however, Studies 5-8 (Chapters 4 and 5) highlight how eye contact
and other cues also share a common mechanism that affects memory performance. Thus, any
memory effects that are observed in response to eye gaze cannot be assumed to reflect a signal that
is unique to eye gaze or a signal that is general to all other referential cues. Instead, it is sensible
to assume that eye gaze related memory effects reflect a mechanism common to a variety of
referential cues, and that something unique to gaze contributes to the absence of memory benefits
in males. Furthermore, this assumption may apply to studies both in laboratory and natural settings
that examine the effects of eye gaze, pointing, name calling, and other social cues, across a wide
array of stimuli that vary in terms of potential for social interaction (ranging from still photos to
naturally occurring interactions between real people). The implications and interpretations of this
entire body of work will be discussed further in Chapter 7.
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Chapter 7: General Discussion
7.1

Chapter overview
The goal of this dissertation was to explore and clarify whether socially communicative

eye contact can enhance memory for spoken information, by using a novel paradigm that directly
tests this issue. Past laboratory studies, that were rigorous in nature, had compromised the socially
communicative aspects of gaze by relying solely on images of people to manipulate eye gaze. On
the other hand, studies from natural settings that retained the socially communicative aspects of
eye gaze by using live people, had compromised rigor by failing to systematically manipulate or
measure eye gaze. Thus, from previous work alone, it was unclear whether, and if so how, socially
communicative eye gaze affects memory. The studies presented in this document relied on the
combined strengths of both laboratory and natural settings to address this matter. The present work
systematically manipulated the eye gaze of a real and present speaker in the context of a traditional
recognition paradigm used frequently in the laboratory.
Each chapter addressed some aspect of the issues raised in Chapter 1 – specifically the
issue surrounding the need to use a controlled paradigm to study the effect of eye gaze, without
compromising the signals that socially communicative eye contact provides in a natural setting.
Chapters 2 and 3 directly tested the assumption suggested in the literature that socially
communicative aspects of eye gaze can improve memory for spoken information. These initial
four experiments revealed that socially communicative aspects of eye gaze have a significant effect
on memory for spoken words, such that memory improved in females when eye contact was made,
but not in males. The next three chapters aimed to determine whether the communicative signal
that improved memory in the previous chapters was specific to the eyes. These studies revealed
that when an individual is part of a dyad, memory can improve when eye contact is made, and can
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also decline when eye contact is made with one's partner. While eye gaze can influence memory
in a manner that is unique, the communicative signal that drives memory effects in the present
paradigm can be conveyed through other social cues as well.
In this final chapter, a general discussion of the studies presented in Chapters 2-6 is
presented. Implications and future directions based on the presented research are also discussed.

7.2

Summary of thesis

7.2.1

Chapter 1
An overwhelming amount of our knowledge regarding how people attend to the eyes of

others has come from laboratory research. These studies reveal that people are highly attentive to
the eye gaze of others across a wide variety of tasks (e.g., free viewing; Birmingham et al., 2008a,
2009a; Foulsham et al., 2010; Foulsham & Sanderson, 2013; Gustav Kuhn et al., 2009; Mojzisch
et al., 2006; Schrammel et al., 2009; Walker-Smith et al., 1977; Yarbus, 1967; attentional cueing;
Driver et al., 1999; Friesen & Kingstone, 1998, 2003; Kuhn et al., 2014; Langton & Bruce, 1999;
Palanica & Itier, 2011; Rensink & Kuhn, 2015; Ristic, Friesen, & Kingstone, 2002; Senju &
Hasegawa, 2005; Vuilleumier, 2002; Wiese et al., 2012; Wykowska et al., 2014; Zwickel & Võ,
2010; visual search; Doi, Ueda, & Shinohara, 2009; Doi & Ueda, 2007; Nathalie George et al.,
2006; Senju et al., 2005; 2008; Palanica & Itier, 2011; von Grunau & Anston, 1995; and face
detection; Conty et al., 2007, 2006; Itier, Van Roon, & Alain, 2011; Itier, Villate, et al., 2007;
Macrae et al., 2002; Pageler et al., 2003; Vuilleumier et al., 2005) and a variety of stimuli (e.g.,
images of faces; Laidlaw et al., 2012; complex scenes; Birmingham et al., 2008a, 2009a;
Vuilleumier et al., 2005; and dynamic videos, Foulsham et al., 2010; Foulsham & Sanderson, 2013;
Kuhn et al., 2014; Wykowska et al., 2014). Recent research has revealed that the attentional
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behaviors and underlying neural mechanisms engaged while interacting with a real person, who
can interact with you, are fundamentally different than those exhibited while viewing an image of
a person (e.g., Hietanen et al., 2008; Pönkänen, Alhoniemi, Leppänen, & Hietanen, 2011;
Pönkänen, Peltola, & Hietanen, 2011; Risko, Laidlaw, Freeth, Foulsham, & Kingstone, 2012;
Schilbach et al., 2013; Teufel, Fletcher, & Davis, 2010). Indeed, while people look at others who
may interact with them when it is socially acceptable (e.g., while sharing a meal; Wu et al., 2014;
Wu et al., 2013), they avoid looking at people when it is not (e.g., Gallup, Hale, et al., 2012; Gallup,
Chong, et al., 2012; Laidlaw et al., 2011). To better understand how socially communicative eye
gaze influences attention, researchers are conducting investigations that make use of a wide array
of stimuli ranging from images to real people, in a wide array of settings ranging from the lab to
natural settings (Jarick & Kingstone, 2015; Jarick et al., 2016; Laidlaw et al., 2016; Laidlaw et al.,
2011; Nasiopoulos et al., 2015; Pfeiffer et al., 2012, 2013; Przyrembel, Smallwood, Pauen, &
Singer, 2012; Risko & Kingstone, 2011, 2015, Risko et al., 2012, 2016, Schilbach, 2010, 2015,
Schilbach et al., 2006, 2013; Wilms et al., 2010).
Even though many of the same concerns regarding the ecological validity of attention to
social stimuli also apply to memory for social stimuli, most of the work investigating how eye
gaze affects memory has relied on using images of people as stimuli. Some of these studies report
that direct gaze can make an image of a face more memorable (Hood, Macrae, Cole-Davies, &
Dias, 2003; Macrae et al., 2002; Mason et al., 2004; Smith et al., 2006) and words associated with
direct gaze are also often more memorable (Falck-Ytter, Carlström, & Johansson, 2014; Fry &
Smith, 1975; Kelley & Gorham, 1988; Macrae et al., 2002; though for examples of instances where
the direct gaze of a face has hindered memory see, Beattie, 1981; Conty, Gimmig, Belletier,
George, & Huguet, 2010; Nemeth, Turcsik, Farkas, & Janacsek; 2013). While it is promising that
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investigations using live people also suggest that a speaker’s eye contact may improve memory,
as described below, the methodologies used by memory researchers in these socially
communicative settings prevent one from actually concluding that eye contact improves memory.
Studies using live people to generate interactive settings have also asked a different
question about eye gaze and memory than studies that use images of people. Investigations using
live speakers have focused on whether eye gaze influences memory for what a speaker says
(Fullwood & Doherty-Sneddon, 2006; Helminen et al., 2016; Otteson & Otteson, 1980; Phelps,
Doherty-Sneddon, & Warnock, 2006; Sherwood, 1987), whereas studies using images have
primarily sought to understand how eye gaze influences memory for what someone looks like
(Farroni et al., 2002; Hood, Macrae, Cole-Davies, & Dias, 2003; Laidlaw & Kingstone, 2017;
Mason, Hood, & Macrae, 2004; Smith, Hood, & Hector, 2006). Moreover, investigations with live
speakers have not actually measured and/or systematically manipulated when a given participant
experiences eye contact with an investigator. Speakers in these studies either make eye contact
occasionally as they speak to an audience or they do not make any eye contact at all. The
participants in the audience are then asked to recall what the speaker said. The way eye contact is
manipulated and measured in these studies creates two central issues that demand investigation.
The first is that these studies have not measured when, and how much, eye contact a particular
participant makes with a speaker. Thus, it is entirely possible that participants do not make eye
contact with the speaker at all throughout the study. The uncertainty regarding the extent to which
people experienced eye contact in these studies prevents one from determining whether eye contact
improves memory. The second limitation is that the specific information that was spoken while
the speaker putatively made eye contact is not distinguished from information said without eye
contact. As a result, these studies cannot determine whether memory effects related to gaze reflect,
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for example, enhancement from direct gaze (Falck-Ytter, Carlström, & Johansson, 2014; Fry &
Smith, 1975; Kelley & Gorham, 1988; Macrae et al., 2002) and/or a decline resulting from gaze
aversion (Beattie, 1981; Conty, Gimmig, Belletier, George, & Huguet, 2010; Nemeth, Turcsik,
Farkas, & Janacsek; 2013). At best, the mixed results in the literature suggest that both factors may
be in play.

7.2.2

Chapter 2
In Chapter 2, I sought to clarify whether socially communicative eye contact helps or

hinders memory for what a speaker says. In Study 1, a female investigator read words aloud to a
participant while making eye contact, or not, as a word was spoken. Next, these words, and words
that participants had not heard previously, were presented in a recognition test. An investigator’s
eye contact seemed to improve word recognition, but only for female participants. In male
participants, word recognition was actually hindered by the investigator’s eye contact. These
findings suggest that socially communicative eye contact improves memory for spoken words for
females, but not for males.
One explanation for the gender differences in Study 1 is that female participants benefited
from the investigator’s eye contact more than males because they shared a common identity (i.e.,
being female; Buttelmann et al, 2013; Cassidy et al, 2011, Lewin & Herlitz, 2002). Similarly,
making eye contact with an investigator of the opposite gender may have interfered with the male
participants’ ability to pay attention to the words spoken when the investigator made eye contact.
However, it is also possible that female participants were simply more attentive to the
investigator’s eye contact than male participants irrespective of the investigator’s gender
(Bailenson et al., 2001; Bayliss, Pellegrino, & Tipper, 2005; Connellan et al., 2000a; Hall, 1978;
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Lutchmaya et al., 2002; Marschner et al., 2015; McClure, 2000; Yee et al., 2007). To distinguish
between these possibilities, Study 2 used a male investigator instead of a female investigator. The
results replicated the finding from Study 1 that a speaker’s eye contact improved word recognition
only in female participants. Taken together, the results of Studies 1 and 2 demonstrate that the
investigator’s gender is not driving the gender specific memory effects. This finding is consistent
with the notion that females are interpreting non-verbal social cues, such as eye contact, and using
them differently than males.
In Studies 1 and 2 the eye contact initiated by the investigator was quite brief (i.e., a quick
glance for less than a second as the word was spoken). While females may have noticed these brief
glances, the investigator’s eye contact may have been too brief for male participants to both notice
the eye contact and then dedicate more attention to words accordingly. In Study 3, investigators
prolonged their eye contact to provide a longer (approximately three seconds) opportunity to
observe and process the investigator’s eye gaze. Despite this, the results replicated the finding from
Studies 1 and 2, such that females recognize more words spoken while the investigator made eye
contact, but male participants do not. Collectively the data provide clear evidence that socially
communicative eye contact facilitates encoding and later memory for female participants, but not
for male participants. These findings highlight the importance of systematically examining how
gender influences gaze related memory effects.
Another possibility for the various contradictory findings that exist in the literature is that
some work has been done in socially communicative contexts using live people as stimuli
(Fullwood & Doherty-Sneddon, 2006; Helminen et al., 2016; J. Otteson & Otteson, 1980; Phelps
et al., 2006; Sherwood, 1987); whereas other work has made use of images which do not generate
socially communicative contexts (Beattie, 1981; Conty, Gimmig, Belletier, George, & Huguet,
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2010; Falck-Ytter, Carlström, & Johansson, 2014; Fry & Smith, 1975; Kelley & Gorham, 1988;
Macrae et al., 2002; Nemeth, Turcsik, Farkas, & Janacsek; 2013). A real person's eye contact
provides many different signals. For example, when eye contact is made one can glean information
about someone’s emotional, attentional, and mental state very quickly, and it is a powerful signal
that you are paying attention to each other. Any or all of these signals could influence memory. In
Chapter 2, the possibility of interaction between the investigator and participant ensured that the
investigator's eye gaze would convey socially communicative signals. However, non-social cues
associated with the investigator’s eye gaze could still be influencing the participant’s behaviour.
Before concluding that socially communicative aspects of gaze produce these memory effects, it
is important to eliminate a non-social interpretation that could possibly account for the significant
effect of gaze on memory.
7.2.3

Chapter 3
In Chapter 3, I tested whether the memory effects observed in Chapter 2 were contingent

on socially communicative eye gaze or not. By presenting a video of an investigator instead of a
live investigator, the socially communicative function of eye gaze was removed.

A live

investigator generates an interactive context in which both the investigator and the participants can
convey and observe signals with their eyes. This is not the case when the investigator is presented
over video, since the investigator cannot observe any signals that the participants convey through
their eye gaze. Viewing a pre-recorded investigator enabled a strong test of whether non-social
signals embedded in eye gaze could generate memory effects that were previously observed in
response to a live investigator's eye gaze in Chapter 2. Participants watched a video of a female or
male investigator who either simulated eye contact with the participant or kept her/his eyes down
at the computer screen as words were read aloud. Afterwards participants completed the same
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recognition test that was used in the studies presented in Chapter 2. The results were unequivocal.
The memory effects previously observed in response to a live investigator's eye gaze disappeared.
Without a socially communicative context, eye gaze had no effect on memory. This finding
provides strong support for the idea that socially communicative signals conveyed through eye
gaze influence memory. This also stands in contrast with a non-communicative explanation of
how eye contact could affect memory.
7.2.4

Chapter 4
The interpretation of the memory effects reported in Chapter 2 and 3 and those previously

reported in the literature is that a live investigator’s eye contact enhances memory (Helminen,
Pasanen, et al., 2016; Otteson & Otteson, 1979; Sherwood, 1987). However, it is equally plausible
that the investigator’s gaze avoidance reduced memory (Fullwood & Doherty-Sneddon, 2006).
These two possibilities were not distinguished in Chapter 2 (or in previous literature) because there
was no adequate baseline (i.e., where the investigator could made eye contact with someone other
than the participant). The studies in Chapter 4 included a baseline to distinguish whether the
memory performance is enhanced by the investigator’s eye contact and/or reduced when the
investigator looks elsewhere (i.e., does not make eye contact with anyone) in female participants.
The secondary goal of Chapter 4 was to clarify whether observing a head lift or experiencing
mutual eye contact is responsible for the previously observed memory benefits. During a live social
encounter, there are many social signals communicated that might affect how someone pays
attention. For example, in the previous studies two non-verbal socially communicative cues, both
non-directional head lifts and directional eye contact, could signal when an individual should pay
attention to a particular word. Since eye contact did not improve memory in male participants in
any of the previous studies, only female participants were tested in Chapter 4. In Study 5, an
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investigator read words aloud to two participants. While reading the words, the investigator
alternated making eye contact with one participant and then the other or looked away from both
participants by looking at a computer screen. Two important findings emerged. First, word
recognition improved only when a participant made eye contact with the investigator. Second,
word recognition was worse when the investigator looked at a participant’s partner relative to when
neither participant was looked at. This suggests that observing eye contact between other people
excludes a participant and can lead to memory decrements for that excluded participant.
Furthermore, these findings also indicate that experiencing eye contact, but not a head-lift, led to
these memory effects. The joint interpretation of the findings in Study 5 is that eye contact can
signal who a message is intended for (Csibra & Gergely, 2009; Senju & Csibra, 2008). When two
people are present, the listeners infer that an investigator’s eye contact includes one in the
interaction, and the listener is more attentive as a result. Likewise, by observing a speaker make
eye contact with someone else a listener infers that they are excluded, and so they dedicate less
attention to what a speaker says.
This raises the question of whether participants need to be physically present or not during
a live encounter with an investigator for these different memory effects to emerge. In Chapter 2,
the eye gaze of a videotaped investigator had no effect on memory. While presenting the
investigator over video was meant to only remove the socially communicative aspects of eye gaze,
the physical presence of the investigator was also removed. Study 6 tested whether the memory
benefits and deficits observed in Study 5 would persist during a live interaction if the investigator
was not physically present in the same room as the participant. A live investigator was presented
over skype to two participants who were seated in separate rooms. Critically, both participants
believed that their partner was in the room with the investigator and only they had been isolated.
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As in study 5 when the investigator was in-person, a participant’s memory was best for words
communicated when the investigator simulated eye contact over skype. While there was a memory
cost for words spoken anytime the investigator looked away from the participant over skype, this
performance cost was similar regardless of whether the investigator appeared to be looking at the
partner or at their computer screen. This finding suggests that unless a participant is physically
present to see the investigator looking at something else (rather than someone else), they will
assume that the spoken information is intended for someone in the room with the investigator.
Thus, social exclusion is experienced over skype anytime the investigator looks away from a
participant, regardless of who/what the investigator is looking at.
In sum, the studies in Chapter 4 provide further evidence that socially communicative eye
contact modulates memory. These studies demonstrate that experiencing eye contact improves a
participant’s memory for what an investigator said, and observing an investigator make eye contact
with someone else reduces memory for what was said. These changes in memory can be attributed
to a participant interpreting an investigator's eye contact as signaling who a message is for.
7.2.5

Chapter 5
The social signal of who a message is for is not necessarily unique to eye contact.

Directional non-verbal gestures, such as pointing, can convey this message as well. While there is
plenty of evidence to suggest eye gaze is a unique social stimulus (Conty, Russo, et al., 2010;
Csibra & Gergely, 2009; Gobel et al., 2015; Hayward et al., 2017; Jarick & Kingstone, 2015;
Kleinke, 1986; Myllyneva & Hietanen, 2016; Nasiopoulos et al., 2015; Nemeth et al., 2013;
Pönkänen, Alhoniemi, et al., 2011; Pönkänen, Peltola, et al., 2011; Risko et al., 2016b; Schilbach,
2015; Senju & Csibra, 2008) there are definitely situations in which its effects are similar to that
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of other stimuli (Böckler et al., 2015; Kingstone, Smilek, Ristic, Friesen, & Eastwood, 2003; Kuhn
& Kingstone, 2009; Ristic, Friesen, & Kingstone, 2002; Ristic et al., 2007). For example, certain
spatial orienting effects elicited by images of eyes in the lab are practically indistinguishable from
attentional effects elicited by other non-social cues (i.e., arrows; Galfano et al., 2012; Kuhn &
Kingstone, 2009; Ristic, Friesen, & Kingstone, 2002; Ristic, Wright, & Kingstone, 2007; Ristic &
Kingstone, 2012). The studies presented in Chapter 5 sought to discern whether the memory effects
observed in the dissertation are unique to the eyes or whether these effects might generalize to
other social cues that can also convey who a message is for. In Study 7, the investigator read words
aloud to two participants while alternating between pointing at a participant, their partner, or at
neither participant. Relative to when no one was pointed at, participants’ recognition performance
was best for words that were spoken by an investigator who pointed at them, and worse than
baseline for words spoken while the investigator pointed at their partner. This demonstrates that
the previous memory effects are not gaze specific, and that they generalize to another visual,
directional, nonverbal social signal, i.e., pointing. That said, it is also possible that both pointing,
and gaze, shift attention in a similar way because both cues are visuo-directional stimuli. To test
whether these effects generalize to a non-visual and non-directional social signal, in Study 8 the
investigator called out the name of a participant, their partner, or neither participant before reading
a word. The findings mirrored the memory benefits and costs that were found in Study 7 when the
investigator pointed at participants, and those related to gaze (e.g. Studies 5 and 6). Together these
data indicate that a key variable to the memory effects observed throughout the present studies is
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the communicative signal of "who the word is intended for"7. Furthermore, this information can
be conveyed by a visual directional change in eye gaze, or similarly by a pointing gesture, and
even by a nonvisual, nondirectional communicative signal such as calling out a person's name.
7.2.6

Chapter 6
This chapter investigated if the memory improvements observed in response to cues other

than eye contact in Chapter 5 would generalize to male participants. Recall that male participants
were excluded from Chapters 4 and 5 because their recognition performance failed to show any
reliable benefit from an investigator's eye contact, and in two of the first three studies, the results
suggested a memory cost for words that were spoken during eye contact. One possibility is that
males do not have the same tendency as females to use the investigator's eye gaze to guide their
attention in this paradigm, but males could interpret a general signal (who a message is for) if it
was conveyed through a different cue instead of eye gaze. To address this issue in Study 9 male
participants were read words by an investigator who either pointed at the participant before reading
each word or not. Male participants recognized words better when spoken while the investigator
pointed at them. This finding suggests that, unlike eye gaze, other socially communicative cues
(e.g., pointing) can elicit verbal memory benefits in males. Note also that while the data from
Chapters 5 and 6 indicate that multiple social stimuli can signal "who a spoken word is for", and
although female participants seem to be equally sensitive to all these cues, for male participants,
eye gaze appears to be different from other social cues, such as pointing.

7

Note, that in all of the studies there was never any actual instruction to the participants that
some words were more (or less) important to attend to than others.
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7.2.7

Summary

In sum, the findings from this body of work shed light on how socially communicative
signals -- eye gaze, pointing, and naming -- affect memory. The data from Chapter 2 established
that socially communicative eye contact could improve memory for verbal information. Chapter 3
demonstrated that a socially communicative context was critical for generating eye gaze related
memory benefits, and that in the absence of a socially communicative context, eye gaze related
memory benefits would disappear. In Chapter 4 eye gaze generated memory benefits and deficits,
which suggested that eye gaze was communicating who should pay attention and who should not.
Even though a live context was required to produce these effects, being physically present was
not. Chapter 5 shed light on a variety of social cues (including eye contact) that can induce memory
benefits and deficits because all of these cues can communicate who should pay attention. This
provided clear evidence that the observed memory effects were not unique to eye contact.
However, the data from Chapter 6, considered jointly with data from Chapter 2 reveal that eye
gaze is a rich social cue that is still processed differently than other social cues. Therefore, memory
effects that are generated with eye gaze (and specifically those associated with eye contact) cannot
be assumed to be unique to eye gaze or common to all social cues.
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7.3

Implications, limitations and future directions

7.3.1

The hierarchy of social cues
The goal at the outset of this thesis was to test the assumption that socially communicative

aspects of eye gaze drive the memory effects that have been reported in the literature. The studies
presented in Chapters 2 and 4 support this assumption by providing clear evidence that socially
communicative eye gaze impacts memory. However, it also became apparent that the memory
benefits and deficits observed in response to eye gaze in Chapter 4 could generalize to other social
cues that convey referential information (i.e., who a message is for) in Chapter 5. The data from
these chapters clearly demonstrate that a variety of social cues (including eye contact) can induce
memory benefits and deficits, and suggest that all of these social cues communicate who should
pay attention.
Despite the fact that all of these cues can produce memory benefits and deficits, these social
cues are not necessarily of equal importance or utility. Indeed, the findings from Chapter 2 and 6
suggest that there are important differences between these social cues, and that these differences
could affect one's ability to use and/or rely on them. Some cues, and eye contact seems to be one
of them, may be relatively more important to pay attention to than others. For example, eye gaze
may be more important than hand gestures because the eyes can convey attentional information as
well as other information about a person (i.e., mental, emotional, and intentional states). Indeed,
many studies suggest that we prefer to attend to the eyes over all other information, although it
should be noted that these studies carry the general caveat that they were conducted with images
of people as stimuli (Birmingham et al., 2008a, 2008b, 2009a, 2009b; Castelhano et al., 2007;
Cheng et al., 2013; Coutrot & Guyader, 2014; Foulsham et al., 2010; Foulsham & Sanderson,
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2013; Henderson et al., 2005; Gustav Kuhn et al., 2009; Laidlaw et al., 2012; Pelphrey et al., 2002;
Smilek et al., 2006; Walker-Smith et al., 1977; Yarbus, 1967). However, the present studies cannot
shed light on the relative importance of these different social cues since their impact on memory
was not assessed while manipulating the cues in conjunction with one another.
Future studies could explore the relative importance of these cues by using variants of the
paradigm used in this thesis. For example, researchers could manipulate any number of relevant
social cues (i.e., pointing, naming, head lifts, fluctuations in speech, eye contact, etc.) together in
the same study to learn whether these different cues have similar effects on memory. Further, by
offering two different cues at the same time (e.g., pointing as someone while making eye contact)
researchers could determine how these cues operate in conjunction with one another to affect
memory. The fact that we do prefer to look at the eyes - when it is socially acceptable to do so –
suggests that individuals (or more specifically, females) might rely on the eyes more than other
cues when they are visible (Birmingham et al., 2008a, 2008b, 2009a, 2009b; Castelhano et al.,
2007; Cheng et al., 2013; Coutrot & Guyader, 2014; Foulsham et al., 2010; Foulsham &
Sanderson, 2013; Gustav Kuhn et al., 2009; Smilek et al., 2006).
However, the tendency to look at the eyes is curbed dramatically (to the point that it nearly
disappears) in contexts when it is inappropriate to look at the eyes (Cary, 1978; Foulsham, Walker,
& Kingstone, 2011; Freeth et al., 2013; Gallup, et al., 2012; Gobel, et al., 2015; Goffman, 1963;
Gregory et al., 2015; Kuhn, et al., 2016; Laidlaw, et al., 2011; Laidlaw, et al., 2016; Patterson, et
al., 2002; Wesselmann, et al., 2012; Wu, et al, 2013; 2014; Zuckerman, et al., 1983). In these
situations, it is likely that other social cues are relied on instead of the eyes. For example, primates
will rely on different social signals (e.g., head position) to glean information about other primates
when their eyes are not visible (Deaner & Platt, 2003; Scerif, Gomez, & Byrne, 2004; Tomasello
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et al., 1998). Given the challenge of monitoring the eyes of others in certain situations, an
interesting question to explore is which social cues people prefer to rely on, and how this might
change with context. Using the study described below, a hierarchy of social attentional cues could
be established by determining which cues people rely on when multiple cues are available or the
available social cues provide conflicting information.
For example, to establish the relative importance of pointing and eye contact, the paradigm
used in Chapters 4 and 5 could be adapted so that the investigator alternates providing cues to two
participants while reading words aloud. On a given trial, the investigator could deliver a cue by
itself (i.e., either pointing or making eye contact) or with another cue (i.e., pointing and making
eye contact simultaneously). When the investigator provides two cues at the same time, these cues
could either provide the same signal (i.e., pointing at a participant while making eye contact with
them) or conflicting signals (i.e., pointing at a participant while making eye contact with their
partner).
Participants may rely on a certain cue more than the others because in everyday life it
provides a stronger more reliable signal to pay attention. If eye contact was the preferred signal to
pay attention, then memory performance would improve when the investigator makes eye contact
with a participant, regardless of whether the participant or their partner is pointed at. Likewise,
memory performance may worsen when eye contact is made with the participant’s partner,
regardless of whether the participant or their partner is pointed at. On the other hand, if pointing is
the preferred attentional cue, then memory performance should improve when a participant is
pointed at, regardless of whether they make eye contact with the participant or their partner.
Similarly, memory performance may worsen when the investigator points at their partner,
regardless of whether they make eye contact with the participant or their partner.
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Another possibility is that participants will rely on both signals to direct their attention. If
this were the case, then memory performance may improve the most when the investigator points
and looks at a participant and decline the most when the investigator points and looks at their
partner, relative to when only one signal is available. However, when the signals conflict with one
another, memory performance may vary based on whether both signals are relied on or whether
one signal can override the other. For example, if both cues are relied on equally, then attempting
to resolve the conflicting eye gaze and pointing signals might interfere with memory performance
for both participants. However, if one cue overrides the other, performance might improve for both
participants when conflicting pointing and eye contact cues are presented because they rely on
whichever cue indicates a word is for them and disregard the other cue that signals that the same
word is for their partner. Of course, if one signal is always preferred when cues are in conflict, let
us suppose that eye gaze is the preferred cue, then the participants' word memory would benefit
from being looked at even though their partner is pointed at. In contrast, their partner’s memory
for this same word would decline since s/he was not looked at by the investigator.
In sum, this example study illustrates one of many possible experiments that could explore
the relative importance of different social cues. Any number of social cues (i.e., head lifts, naming,
accentuating speech, etc.) could replace and/or be added to those used in the example above.
Furthermore, it would be sensible to establish which cues people rely upon in contexts where it is
appropriate to look at people and in contexts where it is not. Suppose that people generally
preferred to monitor the eyes over other nonverbal and vocal cues, a tendency that has been
reported in numerous studies (Birmingham et al., 2008a, 2008b, 2009a, 2009b; Castelhano et al.,
2007; Cheng et al., 2013; Coutrot & Guyader, 2014; Foulsham et al., 2010; Foulsham &
Sanderson, 2013; Gustav Kuhn et al., 2009; Smilek et al., 2006). In a context where the social
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norm is generally not to look at other people (e.g., in a waiting room), this tendency to use the eyes
drops considerably (Cary, 1978; Foulsham, Walker, & Kingstone, 2011; Freeth et al., 2013;
Gallup, et al., 2012; Gobel, et al., 2015; Goffman, 1963; Gregory et al., 2015; Kuhn, et al., 2016;
Laidlaw, et al., 2011; Laidlaw, et al., 2016; Patterson, et al., 2002; Wesselmann, et al., 2012; Wu,
et al, 2013; 2014; Zuckerman, et al., 1983). Instead, individuals may rely on non-verbal signals,
such as pointing or vocal cues, to avoid being 'caught' looking at someone’s eyes. This line of
inquiry could be used to determine the circumstances under which a normally less preferred
attentional cue is more likely to be used.
7.3.2

Exploring how cultural and individual differences affect eye gaze related memory

effects.
In both the present studies and in previous work (Goodman, Phelan, & Johnson, 2012;
Helminen, Pasanen, & Hietanen, 2016; Hood et al., 2003; Macrae et al., 2002; Mason et al., 2004;
Otteson & Otteson, 1979; Smith et al., 2006; Vuilleumier et al, 2005) a participant’s gender
modified whether direct gaze had a positive or negative impact on memory. In the present work,
eye contact improved verbal memory in female participants and hindered memory in males.
However, it is not entirely clear why eye gaze had differential effects on memory in males and
females. In fact, it has been a challenge for researchers to simply explain why direct gaze can have
both positive and negative influences on cognitive processes more generally, let alone how one’s
gender modifies these gaze related effects. Conty, George and Hietanen (2016) proposed that direct
gaze first captures one’s attention and then triggers self-referential processing, i.e., a heightened
processing of contextual information in relation with the self (Northoff, et al, 2006). According to
this account, direct gaze can have both positive and negative effects on performance since the
tendency to pay attention to the direct gaze of others either facilitates or interferes with
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performance on a task (e.g., direct gaze may facilitate processing a face, but hinder processing
information that is not related to the face). However, once direct gaze has triggered self-referential
processing, any information associated with it would be prioritized. Indeed, a large body of
research suggests that memory is improved for information processed in relation to oneself (i.e.,
the self-referential memory effect; Kim, 2011; Macrae, Moran, Heatherton, Banfield & Kelley,
2004; Northoff, et al, 2006).
In the studies presented in Chapter 2, it is possible that the extent to which the speaker’s
eye contact triggered self-referential processing differed between males and females. Females may
have processed both the speaker’s eye contact and the self-referential cue it provides
simultaneously, or simply processed these two signals more efficiently and sequentially. Thus, any
interference8 in hearing what the speaker said, caused by simply processing the speaker’s eye
contact, was overridden by the self-referential processing benefit triggered through the speaker’s
eye contact. Men on the other hand may notice and process the speaker’s eye contact, but not the
self-referential cue it provides. As a result, the speaker’s eye contact only interferes with
processing what the speaker says. This could be due to interference caused by processing any selfreferential cue in the context of the task (i.e., any self-referential cue could be distracting since it’s
irrelevant to the task of listening to everything the speaker says). However, this seems unlikely
since in contrast to when males are looked at (Chapter 2), male’s memory performance improves
for information spoken when they are pointed at (Chapter 9). Instead, the joint interpretation of
these findings suggests that men can process self-referential cues which can then facilitate

8

Note that it is entirely possible that women do not experience interference at all in response to
eye contact, and may even experience facilitation due to eye contact at this stage.
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processing information associated with them, but not when self-referential cues are conveyed
through eye contact. This supports the idea that the memory deficit for words spoken with eye
contact observed in male participants (Chapter 2) is unique to processing eye contact, rather than
processing self-referential cues more generally.
Even though the present studies revealed that the benefit of eye gaze on memory is
contingent on a participant’s gender, this is merely one personal characteristic of many that have
yet to be explored. There are a number of cultural and individual differences that influence how
individuals pay attention to the eyes of others (Blais, et al., 2008; Connellan et al., 2000; Dawson,
et al., 1998; Lutchmaya et al., 2002a; 2011; Senju & Johnson, 2009a; Wieser, Pauli, Alpers, &
Mühlberger, 2009), and it is reasonable to think that these factors could also influence social
memory as well. For example, individuals from different cultures look at the eyes of others
differently (Blais et al., 2008; Jack, et al., 2007), and the tendency to look at other people also
differs in Western and East Asian locations (Patterson, et al., 2007). Perhaps most importantly, the
tendency to make eye contact with other people is determined by cultural norms (Knapp, Judith,
& Horgan, 2009). While it is unclear why the preference to look at people and their eyes differs
across cultures (Caldera, et al., 2010; Park & Huang, 2010), it is clear that the tendency to look at,
and potentially learn from, the eyes of others is contingent on one’s culture. Thus, one exciting
line for future investigation would be to systematically examine if, and when, eye gaze related
memory effects generalize to participants of different ethnicities and cultures.
Likewise, there are a number of individual differences that could modify one’s tendency
to look at and, subsequently learn from the eyes of others. Some individuals experience anxiety or
feel uncomfortable while making eye contact with others. For example, individuals with autism
spectrum disorder often have difficulty making or maintaining eye contact (e.g. Dawson, et al.,
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1998), an effect that is even stronger and more consistent in interactive contexts, which interferes
with social interaction (Gregory & Antolin, 2018). Experiencing discomfort or anxiety while
making eye contact may modify whether an individual will experience memory effects in response
to the eye gaze of a speaker. Supposing that gaze anxiety did modify eye gaze related memory
effects, it would be interesting to explore whether memory effects generated by other social cues
are also modified by reported gaze anxiety, or not.
Differences in social status could also influence memory effects related to the eyes and
other social cues. People preferentially attend to and follow the gaze of individuals who appear
more dominant (Jones et al., 2010) or of higher social status (Dalmaso, Pavan, Castelli, & Galfano,
2012). Thus, an individual’s willingness to look at and learn from someone may change depending
on whether they perceive someone to be of higher or lower social status. It would be useful to
determine whether a participant’s social status influences the magnitude of eye gaze related
memory effects. Future studies could also manipulate a speaker’s social status, in the same way a
speaker’s gender was manipulated in the present studies, to learn how this factor contributes to
memory effects generated by a speaker’s social cues.
Even though examining other individual and cultural differences was beyond the scope of
the present investigation, some of these differences could contribute to variation in the eye gaze
related memory effects observed in the present work. As noted above, examining whether and, if
so, how cultural or individual differences affect the influence eye gaze and memory in interactive
settings promises to be fruitful lines for future investigation. This work should yield a more
complete understanding of whether eye gaze related memory effects are sensitive to both
individual and cultural differences which, ultimately, will enhance the generalizability of the social
memory effects observed in the present studies.
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7.3.3

Exploring how eye contact affects different components of memory
While the present work has investigated how word recognition is affected by socially

communicative signals (especially gaze direction) it has not explored or manipulated memory for
other types of materials (e.g., faces) or different memory processes (e.g., retrieval). Declarative
memory involves memories that we can consciously process and consider, and involves a number
of components including working memory (Baddeley, 2003; Baddeley & Hitch, 1974), episodic
memory (Tulving, 1972 Tulving, 2002; Tulving & Murray, 1985), and semantic memory (Collins
& Quillian, 1969; Tulving, 1972). Three processes appear integral to the acquisition and
recollection of such memories (Baddeley, 1992; Baddeley, Eysenck, & Anderson, 2009; Brébion,
David, Bressan, & Pilowsky, 2007; Brown & Craik, 2000; Crowder, 1976): encoding (processing
sensory information as a construct that can be remembered later), consolidation (stabilizing a
memory trace after it has been acquired) and retrieval (accessing the information when needed).
Encoding, the critical interface between working memory and longer-term consolidation, drives
the beginning of short-term consolidation, which occurs within a few hours of initial processing.
Neurobiologically, this short-term consolidation involves changes to existing synaptic connections
and the creation of new connections in the hippocampal circuit (Frankland & Bontempi, 2005;
Todd, Palombo, Levine, & Anderson, 2011). Over the longer-term, successful consolidation
entails a broader reorganization of the brain regions that support memory at the system-level,
including, and in particular, the temporal lobe.
Not all memories are retrieved with comparable fidelity and ease. Indeed, some researchers
have argued that there are different degrees of retrieval success, often drawing a distinction
between recall and recognition (MacLeod & Kampe, 1996). In recall, the information must be
retrieved from memories (Lockhart, 2000). In recognition, the presentation of a familiar stimulus
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provides a cue that the information has been seen before (and unfamiliar stimulus will not provide
a cue; Brown, Roediger, & McDaniel, 2014). A cue might be an object or a scene—any stimulus
that reminds a person of something related. While recognition and recall are often described as
distinct forms of retrieval, both reflect the encoding and consolidation processes, but vary in terms
of fidelity and confidence of the memory.
The present body of work has demonstrated that manipulating a speaker’s eye contact and
other social cues during encoding9 can influence recognition memory for semantic (word)
information, but many outstanding questions remain. An important question related to memory
retrieval is whether a speaker’s eye contact affects recall as well recognition. While studies from
natural settings suggest that viewers generally recall more information when speakers periodically
make eye contact than when they do not (Fullwood & Doherty-Sneddon, 2006; Otteson & Otteson,
1980; Sherwood, 1987), this notion remains to be tested in a rigorous paradigm that permits one
to assess who is, and is not, receiving eye contact, and what information specifically is being
delivered in those moments. The influence that eye contact has on recall could be tested using a
modified version of the paradigm used in this thesis. For instance, participants could listen to a
speaker who makes eye contact or not while speaking a word. Afterwards, instead of giving them
a recognition test, participants could freely recall as many words as they can. If eye contact affects
recall in the same way it affects recognition, then one would expect participants (or at least female
participants) to recall more words that were spoken with eye contact than without it.

9

It should be noted that manipulations during encoding may be manipulating short-term
consolidation as well.
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Another interesting question relevant to memory retrieval is whether making eye contact
during retrieval will help or hinder this process. Some research suggests that direct gaze during the
retrieval process can enhance memory for a face (Hood, Macrae, Cole-Davies, & Dias, 2003;
Smith, Hood, & Hector, 2006). However, this question has yet to be tested in a paradigm that
systematically manipulates a speaker’s eye gaze during the retrieval process. This could be done
by having an investigator read words aloud to a participant while alternating making eye contact
as a word is spoken or not. Next, the participant would be asked to recall as many words as possible
as the investigator notes the recalled words on a laptop. For half of the participants, the investigator
would make eye contact as they recalled words and for the other half the investigator's eyes would
be directed down at the laptop. Critically, if eye contact helps people retrieve information then
participants should recall more words when the investigator looks at them during retrieval than
when they do not. However, if eye contact hinders the retrieval process, then participants who
made eye contact with the investigator during retrieval should recall fewer words than those who
did not. Furthermore, including an eye contact manipulation during encoding would help clarify
whether eye contact during retrieval has a greater impact (whether it is beneficial or not) on
recalling information that was previously associated with eye contact during encoding.
In sum, there are a number of different aspects of memory that could be influenced by eye
contact. The study examples provided above are meant to be illustrative and not exhaustive. There
are many other variations of these studies, that could rely on different stimuli (e.g., face stimuli
instead of words, or visual instead of verbal information) to better understand the relationship
between eye contact and all aspects of memory (i.e., semantic memory, episodic memory, etc.).
Future studies could extend the present work by exploring the effects of eye contact on all of the
different components of memory mentioned at the outset of this section. They could also, for
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example, examine whether the effects are eye contact specific, or general to other visual (e.g.,
pointing) or nonvisual (e.g., verbal) cues.

7.3.4

Implications for online learning environments
An applied aspect of the present work is that it provides insight on how eye contact can

influence learning for in-person and online learning environments. Videos and video conferencing
(e.g., skype) are being used more frequently to create online learning environments. Video
communication is often used as a proxy for face-to-face interactions, under the assumption that
being able to see an instructor improves a learning experience. However, people using these
environments often report losing a sense of social connectivity and feeling more alone than when
they are physically present with an instructor (Armstrong-Stassen et al., 1998; Abbott et al., 1993).
Consequently, many students report difficulties in maintaining attention in these online
environments where communication takes place over video (Armstrong-Stassen et al., 1998).
Perhaps most importantly, Varao-Sousa and Kingstone (2015) demonstrated that students actually
remember less information from a video of a lecture than when the same material is presented in
a classroom by an instructor who is physically present. Our finding that words spoken by a speaker
presented over video are less memorable than words spoken by a live speaker converges with the
previous results reported by Varao-Sousa and Kingstone (2015).
The suggestion therein is that attention may wane in these online learning environments
because lecturers are unable to convey immediacy over video (e.g., eye contact, gestures, etc.).
Consistent with this idea, previous work suggests that non-verbal behaviours have less impact on
communication when they are expressed over video than when they are conveyed in person (Heath
& Luff, 1992; Rutter, 1987; Shimada & Hiraki, 2006). Presumably, these non-verbal behaviours
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help to foster connection between students and their instructors. When students feel less connected
with their instructor, they dedicate less attention to learning the course material.
The present studies thus shed light on whether making eye contact and experiencing simulated
eye contact with a live speaker can improve learning and/or affect learning differently. When a
live speaker presents information over camera or in person, information retention, at least for
females, is better relative to when speakers are recorded. This suggests that viewers learn better in
socially communicative settings, regardless of whether they are physically present in the room
with a speaker. In a live setting, eye contact from a speaker presented in person or over camera
can also improve memory for what the speaker says. This is consistent with the idea that a
speaker’s simulated eye contact serves to include an individual in the “learning environment.” This
benefit of simulated eye contact is additional to any benefit a person might experience just by
being present in the room with a speaker who is not looking at them. As such, online classrooms
could be crafted in such a way that the speaker simulates eye contact with female students regularly
to boost their retention of the course material.
However, anytime a live speaker does not simulate eye contact over video (e.g., they are
looking at someone or something else); participants’ retention of what the speaker says may be
reduced considerably. Being physically present with the speaker has the added benefit of
protecting individuals from experiencing this memory cost every time the speaker looks away from
the participant. Instead, it is only experienced if the speaker looks at someone else in the room as
they speak. This finding converges with a body of research that suggests that being in the presence
of others can improve performance on a task (Aiello & Douthitt, 2001; Bond & Titus, 1983; Uziel,
2007; Zajonc, 1965). Despite the improvements gained from a speaker’s eye contact in any live
setting, there is still a retention benefit to simply being physically present with a speaker.
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An additional question to address in future studies is whether the belief that one can interact
with someone who is actually recorded (not live) affects how their eye gaze influences memory.
To date the little work that has been done on this issue has yielded mixed results (Fullwood &
Doherty-Sneddon, 2006; Helminen et al., 2016; Sherwood, 1987). By presenting participants a
video recording of the speaker (as described in the studies presented in Chapter 3), researchers
could readily manipulate participants’ beliefs about whether the speaker is pre-recorded or live to
determine whether holding one belief or the other influences whether the speaker’s eye contact
facilitates learning lecture material.

7.4

Conclusion
The significance of the eyes in human relationships and communication has fascinated

scientists for centuries. While the present findings only begin to scratch the surface of this broad
area of investigation, this work does highlight the importance of conducting studies in contexts
where eye contact can be communicative. Indeed, in the absence of a communicative context, eye
gaze did not modulate memory. This conclusion has tremendous implications for social theories
of human communication, memory, and cognition more broadly, as images of the eyes have been
used to manipulate and measure social behaviour and social neural mechanisms of various
cognitive processes across different populations (e.g., infants, children, adults, aged adults,
patients) and paradigms using both behavioural and neuroimaging measures. Using real people in
future studies will enable the assessment of the social effects of eye gaze in particular, and social
signals in general, thereby enhancing our understanding of the cognitive and neural bases of human
communication and social interaction.
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Appendices

Appendix A: Word list
account
address
afternoon
amount
answer
arrow
attention
attitude
author
avenue
basket
battery
beauty
border
branch
building
campaign
capital
captain
castle
century
clothes
daughter
debate
department
dinner
direction
distance
education
election

engine
entrance
envelope
evening
factory
fashion
forest
foundation
friend
furniture
garden
glass
gravity
guardian
handle
harbor
history
holiday
industry
invention
invitation
island
journey
judge
justice
kettle
kingdom
kitchen
knock
ladder

language
laugh
leather
lesson
machine
market
meadow
merchant
message
minute
neighbor
nephew
ocean
office
orchard
package
painting
partner
peace
pebble
plate
pocket
porch
powder
quarrel
quarter
queen
record
resort
reward

river
sailor
school
shadow
shoulder
speech
station
steam
stream
summer
teacher
theatre
thread
ticket
traffic
travel
treasure
trousers
turnip
uncle
uniform
vacation
valley
victory
village
wagon
wheat
wheel
whisper
winter
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Appendix B: A meta-analysis of all three experiments reported in Chapter 2.
A three-way mixed ANOVA was conducted on response time (RT), response accuracy,
response sensitivity (d prime) and response bias (beta) with investigator gaze (2 levels: with eye
contact and without eye contact) as the within participant factor and experiment (3 levels: Female
investigator with brief glance, male investigator with brief glance, and female investigator with
prolonged gaze) and participant gender (2 levels: male and female) as between participant factors.
RT. The analysis of mean RTs revealed that there was a main effect of experiment
(F(2,246)=5.04, MSE=190074.97, p<0.01), participants responded faster in Experiment 2 than
Experiment 3 (t(166)=2.97, MSE=29, p<.005). There was also a main effect of gender
(F(1,246)=15.16, MSE=190074.97, p<0.001), such that females (953 ms) were faster to respond than
males (1104 ms). There was no main effect of investigator gaze (F(1,246)=0.71, MSE=21548.45,
p=0.40). Nor were there interactions between investigator gaze, participant gender and experiment
(F(2,246)=0.16, MSE=21548.45, p=0.85), investigator gaze and experiment (F(2,246)=0.89,
MSE=21548.45, p=0.35), nor participant gender and experiment (F(2,246)=1.84, MSE=190074.97,
p=0.16).
Percentage Correct: Analysis of the accuracy data (see Figure 2.3) revealed a marginal
main effect of investigator gaze (F(1,246)=3.67,MSE=42.00,p=.06), such that participants
recognized more words that the investigator said while making eye contact (75%) than when they
did not (74%). There were no main effects of experiment (F(2,246)=0.29,MSE=391.47,p=.75) or
participant gender (F(1,246)=1.27, MSE=391.47, p=.26). Critically, there was an interaction
between investigator gaze and participant gender (F(1,246)=35.16, MSE=42.00, p<.001), such that
female participants recognized more words that were spoken while the investigator made eye
contact (78%) than when they did not (74%; t(125)=6.00, SEM=0.76, p<0.001). However, male
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participants recognized fewer words read while the investigator made eye contact (73%) than when
they did not (75%; t(125)=2.67, SEM=0.87, p<0.01). There were no interactions between
investigator gaze, participant gender and experiment (F(2,246)=0.75, MSE=42.00, p=.48),
investigator gaze and experiment F(2,246)=0.80, MSE=42.00, p=.45), nor participant gender and
experiment F(2,246)=0.55, MSE=391.47, p=.58).
D’: The results mirror the accuracy data with the exception that, in contrast to the accuracy
data, the male participants were only marginally less sensitive to words presented while the
investigator made eye contact than when they did not (t(125)=1.94, SEM=0.03, p=0.05). Critically,
the female participants were more sensitive to words presented while the investigator made eye
contact than when they did not (t(125)=5.9, SEM=0.03, p<0.001).
Beta: Analysis of the beta values revealed no main effect of experiment (F(2,246)=0.03,
MSE=12.38, p=0.97), investigator gaze (F(1,246)=0.98, MSE=0.37, p=0.32) or participant gender
(F(2,246)=2.30, MSE=12.38, p=0.13). There was however an interaction between investigator gaze
and participant gender (F(1,246)=6.14, MSE=0.37, p<0.05), such that male participants were no
more biased on words that were spoken while the investigator made eye contact (2.85) than when
they did not (2.77; t(125)=1.0, SEM=0.08, p=0.31). However, female participants responded less
conservatively on words read while the investigator made eye contact (2.24) than when they did
not (2.43; t(125)=2.57, SEM=0.07, p<0.05). There were no interactions between investigator gaze,
participant gender and experiment (F(2,246)=1.18, MSE=0.37, p=.31), investigator gaze and
experiment (F(2,246)=1.02, MSE=0.37, p=.36), nor participant gender and experiment F(2,246)=0.05,
MSE=12.38, p=.95).
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Appendix C: A comparison of memory effects in response to a live investigator (Studies 1
and 2 in Chapter 2) and a videotaped investigator (Study 4 in Chapter 3)
A four-way mixed ANOVA was conducted on response time (RT), response accuracy,
response sensitivity (d prime) and response bias (beta) with investigator gaze (2 levels: with eye
contact and without eye contact) as the within participant factor and investigator presence (2 levels:
live and videotaped), investigator presence (3 levels: male and female) and participant gender (2
levels: male and female) as between participant factors.
RT. The analysis of mean RTs revealed that there was a main effect investigator presence
(F(1,328)=12.19, MSE=199677.54, p<0.001), such that participants were faster to recognize words
that were said by the in-person investigator (987 ms) than the videotaped investigator (1111 ms).
There was also a main effect of investigator gender (F(1,328)=11.77, MSE=199677.54, p<0.001),
such that participants were faster to recognize words that were said by the male investigator (991
ms) than the female investigator (1109 ms).
There was a marginal interaction between investigator presence and investigator gender
(F(1,328)=3.80, MSE=199677.54, p=0.05, such that when the investigator appeared over video,
participants recognized words that were said by a male investigator (1018 ms) faster than a female
investigator (1203 ms). However, when the investigator was in-person, participants recognized
words that were said by a male investigator (965 ms) as fast as words said by a female investigator
(965 ms). No other main effects or interactions were significant (all F’s<2.6).
Percentage Correct: Analysis of the accuracy data revealed a main effect investigator
presence (F(1,328)=13.43, MSE=467.57, p<0.001), such that participants recognized more words
said by an in-person investigator (75%) than a videotaped investigator (69%) and a marginal main
effect of participant gender (F(1,328)=3.64, MSE=467.57, p=0.06) such that, female participants
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(74%) recognized more words than male participants (71%). Critically, there was a three-way
interaction between investigator gaze, investigator presence, and participant gender (F(1,328)=15.88,
MSE=44.75, p<001). No other main effects or interactions were significant (all other F’s<1.4).
To interpret the interaction between investigator gaze, investigator presence and participant
gender, a two-way mixed ANOVA with investigator gaze (2 levels: with eye contact and without
eye contact) as a within participant factor and participant gender (2 levels: male and female) as a
between participant factor was conducted for the in-person investigator and the videotaped
investigator (the same analysis for the videotaped investigator is presented in section 3.3). When
the investigator was in-person, there was an interaction between investigator gaze and participant
gender (F(1,166)=31.38, MSE=38.85, p<0.001) such that female participants recognized more
words that were spoken while the investigator made eye contact (78%) than when they did not
(74%; t(83)=4.91, SEM=0.87, p<0.001). However, male participants recognized fewer words read
while the investigator made eye contact (73%) than when they did not (76%; t(83)=3.19, SEM=1.04,
p<0.005).
When the investigator was videotaped, there was a main effect of participant gender (F(1,166)
=4.43, MSE=542.79, p<0.05), such that female participants were more accurate (72%) than male
participants (66%). Critically, there was no main effect of investigator gaze (F(1,166)=0.80,
MSE=50.04, p=0.37) nor an interaction between the investigator gaze and the participants gender
(F(1,166) =1.54, MSE=50.04, p=0.69).

D’: The results mirror the accuracy data with the exception that, in contrast to the accuracy
data, there was no main effect of participant gender (F(1,328)=0.84, MSE=1.35, p=0.36).
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Beta: Analysis of the beta values revealed a marginal main effect of participant gender
(F(1,328)=3.33, MSE=11.40, p=0.07), such that female participants (2.2) responded less
conservatively than male participants (2.7). There was also an interaction between investigator
gaze, investigator presence and participant gender (F(1,328)=6.24, MSE=0.35, p<0.05). No other
main effects or interactions were significant (all F’s < 2.52).
To interpret the interaction between investigator gaze, investigator presence and participant
gender, a two-way mixed ANOVA with investigator gaze (2 levels: with eye contact and without
eye contact) as a within participant factor and participant gender (2 levels: male and female) as a
between participant factor was conducted for the in-person investigator and the videotaped
investigator (the same analysis for the videotaped investigator is presented in section 3.3). When
the investigator was in-person, there was an interaction between investigator gaze and participant
gender (F(1,166) =7.21, MSE=0.40, p<0.01) such that female participants were less conservatively
biased on words that were spoken while the investigator made eye contact (2.23) than when they
did not (2.42; t(83)=2.11, SEM=0.09, p<0.05). However, male participants were no more biased in
their response to words read while the investigator made eye contact (2.89) than when they did not
(2.71; t(83)=1.72, SEM=0.10, p=0.10). There were no significant main effects of investigator gaze
(F(1,166) =.49, MSE=0.40, p=0.49) or participant gender (F(1,166) =1.57, MSE=12.188, p=0.22).
When the investigator was videotaped, there were no main effects of investigator gaze
(F(1,166) =0.50, MSE=0.29, p=.48) or participant gender (F(1,166) =1.781, MSE=10.71, p=0.18), nor
was there an interaction between investigator gaze and participant gender (F(1,166) =0.50,
MSE=0.29, p=.48).
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Appendix D: A comparison between the memory effects generated in response to investigator
eye gaze (Study 1) and investigator pointing (Study 9) in male participants only.
A two-way mixed ANOVA was conducted on response time (RT), response accuracy,
response sensitivity (d prime) and response bias (beta) with investigator cue (2 levels: participant
and none) as the within participant factor and cue type (2 levels: eye gaze and pointing) as the
between participant factor.
RT. The analysis of mean RTs revealed that there was no main effect of investigator gaze
(F(1,68)=0.01, MSE=27956.08, p=0.99), nor investigator cue (F(1,68)=0.93, MSE=199844.57,
p=0.34), nor an interaction between investigator gaze and investigator cue (F(1,68)=0.38,
MSE=27956.08, p=0.34).
Percentage Correct: Analysis of the accuracy data revealed a marginal effect of
investigator cue (F(1,68)=3.30, MSE=344.90, p=.08) an interaction between investigator cue and
cue type (F(1,68)=13.64, MSE=36.59, p<.001), such that when the investigator used eye gaze,
participants recognized fewer words read while the investigator made eye contact with them (73%)
than when they did not (76%; t(41)=2.37, SEM=1.33, p<0.05). However, when the investigator
pointed, the pattern reversed - participants recognized more words that were spoken while the
investigator pointed at them (71%) than when no gesture was made (66%; t(27)=2.85, SEM=1.60,
p<0.051).
D’: The results mirror the accuracy data, with the exception that there was a significant
effect of investigator cue (F(1,68)=6.82, MSE=1.79, p<.05) such that participants were more
sensitive to words presented while the investigator used eye gaze (2.0) than when they used
pointing (1.4).
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Beta: Analysis of the beta values revealed an interaction between investigator cue and cue
type (F(1,68)=10.99, MSE=0.194, p<0.01), such that participants responded more conservatively
on words read while the investigator made eye contact (2.98) than when they did not (2.7; t(41)=3.02, SEM=0.09, p<0.005). However, when the investigator pointed, participants responded no
more conservatively when the investigator pointed at them (2.3) than when they did not (2.5;
t(27)=1.81, SEM=0.13, p=0.09).
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Appendix E: A summary of observed effect sizes (Cohen's d) in the percentage correct data
for the critical t-tests in each study.

Cue
Eye gaze (Study 1)
Eye gaze (Study 2)
Eye gaze (Study 3)
Eye gaze over pre-recorded video (Study 4)
Eye gaze (Study 5)
Eye gaze over skype (Study 6)
Pointing (Study 7)
Naming (Study 8)
Pointing (Study 9)

Participant
Gender

Comparison of
participant to screen

Comparison of
partner to screen

Female
Male
Female
Male
Female
Male
Female
Male
Female
Female
Female
Female
Male

0.31
-0.24
0.27
-0.22
0.34
-0.02
0.02
0.06
0.33
0.32
0.38
0.56
0.31

0.27
0.10
0.44
0.31
-
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