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Abstract
The mere exposure effect (MEE) is the finding that repeated, unreinforced exposure to a
stimulus results in increased preference for that stimulus (Zajonc, 1968). The MEE is often
discussed colloquially as a fairly robust effect. However, empirical research and meta-analyses
demonstrate that the presence and size of the effect depends on several methodological variables
and modalities (e.g., Bornstein, 1989). My dissertation was motivated by a desire to examine and
compare the underlying assumptions of the primary contemporary models of the MEE: the
perceptual fluency-attribution model (PFA; Bornstein & D’Agostino, 1992; 1994) and the
hedonic fluency model (HFM; Winkielman et al., 2003). Both models discuss how repeated
exposure increases processing fluency, and how this change in fluency leads to liking or
preference when asked to make a preference decision. Over 7 experiments, I examined the MEE
and tested the assumptions of these models. Experiments 1-3 examined whether the same MEE
occurs for stimuli that are subliminal and supraliminal (i.e., below or above the threshold of
conscious perception). Experiments 2-3 also examined the impact of identity pre-exposures (i.e.,
pre-exposing the same stimulus participants are later asked to rate) and categorical pre-exposures
(i.e., pre-exposing category members of the stimulus participants are later asked to rate). After
finding no evidence of a MEE in Experiments 1-3, I changed the direction of my research, and
conceptually replicated two past experiments that showed strong MEEs in Experiments 4-5.
Experiment 6 examined the impact of supraliminal pre-exposures, as well as the test-retest and
inter-rater reliability of the MEE measures used in my other experiments. Finally, Experiment 7
replicated and extended the MEE found in Experiment 4, and examined the impact of valenced
stimuli on the MEE. The findings of this dissertation elucidate critical methodological variables
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necessary to find the MEE, provide new insights into the cognitive-affective underpinnings of
the effect, and determine new methods and avenues for investigating the MEE.
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Lay Summary
The mere exposure effect is the finding that the more you see something, the more you
will claim to like it. The goals of this dissertation were to examine: 1) under what conditions this
effect does and does not occur; and 2) how we can account for this effect using models of how
our cognitive system works. Using rigorous experimental procedures, I examined the mere
exposure effect across seven experiments. Results highlighted the numerous conditions under
which the mere exposure effect does not occur.
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Chapter 1: Introduction
1.1: Overview and Context
Everyday decisions differ on two continuums: automaticity and holisticity. Automaticity
is a continuum that has opposing endpoints that range from conscious, deliberate decisions, such
as deliberately selecting a university to attend, to unconscious, automatic decisions, such as
selecting a seat at a restaurant. Holisticity is a continuum that has opposing endpoints that range
from atomistic decisions, based on processing that analyzes specific features, such as a new
driver deciding whether it is safe to turn, to holistic decisions, based on processing that uses
many features of an item and globally examines more than just the sum of the parts, such as
identifying which shirt to wear in the morning (Kahneman & Tversky, 1984; Stanovich & West,
2000; Tversky & Kahneman, 1981). These two continuums are independent of each other
(though not necessarily orthogonal), and create four possible decision types, as illustrated in the

Automaticity

Holisticity

figure below. My dissertation addresses a subset of automatic-holistic decisions.

Figure 1.1. Two-dimensional space which represents different types of decisions.
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A comprehensive theory of the processes involved in making holistic decisions should be
able to explain a number of diverse phenomena that give insight into the cognitive machinery
involved in holistic decision making. These phenomena include the false fame effect (Jacoby et
al., 1989): the finding that nonfamous names are judged as famous after a pre-exposure followed
by a delay, and the illusory truth effect (Hasher et al., 1977): the finding that repeating
statements increases the chances they will be judged as true.
My dissertation addresses preference decisions. Going forward, I use the term preference
decisions to capture these holistic, automatic preference decisions. One of the best-known
preference decision phenomena is the mere exposure effect (MEE), which emerged out of the
seminal work of Zajonc (1968). The MEE is typically summarized as: mere exposure – that is,
repeated, unreinforced exposure to a stimulus – is sufficient to increase preference for that
stimulus. My dissertation investigates the MEE as a means to understand preference decisions.
The MEE is directly applicable to, and was inspired by, research examining the effects of
exposure on intergroup relationships and prejudice. Starting with Allport’s (1954) theory that
contact between different groups of people under optimal conditions could reduce intergroup
prejudice, social psychologists have examined the impact of exposure to other people on
prejudice and liking. For example, a study by Zebrowitz et al. (2008) demonstrated that
repeatedly pre-exposing White participants to Asian and Black faces increased participants’
liking ratings for different sets of Asian and Black faces. A meta-analysis by Pettigrew and
Tropp (2006) demonstrated some support for Allport’s (1954) theory. They found that greater
contact with members of different groups was associated with less prejudice overall; 94% of
their 713 samples found an inverse relationship between intergroup contact and prejudice. They
proposed the MEE as a potential explanation for these results.
2

Understanding the MEE also has implications for behaviour in fields such as business
and marketing, economics, and politics. For example, in an investigation of consumer behaviour,
Fang et al. (2007) demonstrated that participants provided more positive ratings to banner ads for
products they were repeatedly exposed to while reading an online article. As another example,
applied research using the principles of the MEE has shown that mere exposure to political
candidates’ social media profiles can impact likability and voting choices. Specifically,
Kobayashi and Ichifuji (2015) found that randomly assigning participants to follow a political
candidate on Twitter led to increased liking for that candidate. Kim (2021) extended this work to
voting behaviour, demonstrating that participants randomly assigned to follow a leading
candidate’s Twitter feed were more likely to vote for that candidate in some constituencies, and
less likely in others.
1.2: The Mere Exposure Effect from its Origins to the Present Day
The first mentions of the MEE can be traced back to Fechner’s (1876) and Titchener’s
(1910) writing on the increase in positive affect that occurs for previously encountered stimuli.
However, the seminal experimental work on the MEE was conducted by Zajonc (1968), who
reported a positive correlation between the frequency of English words and the positivity of the
item/event represented by the meaning of the word. In the same article, he completed a series of
experiments demonstrating that “mere” exposure to nonsense words and foreign characters
enhanced participants’ preferences for them.
In the 50 years following Zajonc’s seminal work, several hundred papers published on
the MEE have demonstrated the impact of different methodological variables on the presence or
absence of the effect as well as on the size of the effect. The presence and size of the MEE
differs across stimulus variables, such as type of stimulus (e.g., Berryman, 1984; Heyduk, 1975;
3

Stang & O’Connell, 1974), presentation variables, such as maximum number of stimulus
presentations (e.g., Kail & Freeman, 1973; Stang & O’Connell, 1974; Zajonc et al., 1972) and
measurement variables, such as type of preference decision that was required (e.g., Seagert &
Jellison, 1970; Seamon et al., 1983a, 1983b; Zajonc, Crandall, et al., 1974).
The MEE is discussed today in the field of psychology as a relatively ubiquitous effect,
despite research demonstrating inconsistent results. We teach it in our Introduction to
Psychology courses as established fact. Introductory Psychology textbooks (e.g., Kalat, 2010;
Myers & DeWall, 2016) discuss it as a consistent, robust finding, stating: “mere exposure leads
to liking…” (Schacter et al., 2017, p. 522); “mere exposure effect is the finding that repeated
exposures to a stimulus promotes greater liking of the stimulus…[and] has been replicated with
many types of stimuli” (Weitan & McCann, 2016, p. 586). There is minimal or no discussion of
nuance, different patterns of results or null effects in the study of the MEE.
1.3: Overview of the Dissertation
The main goal of my dissertation is to elucidate the cognitive processes that underlie how
we make preference decisions, by investigating the MEE. A deeper understanding of preference
decision making is necessary to move forward with new research in the field. To achieve this
goal, my dissertation first explores and clarifies how methodological choices, such as type of
stimuli or awareness of exposures, have shaped different theories of preference decision making
in the context of MEE paradigms, and identifies major gaps in the literature. I then clarify the
underlying assumptions of three historical models, with a special focus on two contemporary
models of preference decision making: the perceptual fluency-attribution model, PFA (e.g.,
Bornstein & D’Agostino, 1992), and the hedonic fluency model, HFM (e.g., Winkielman &
Cacioppo, 2001).
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The dissertation includes seven experiments that aimed to fill the gaps in the literature
and test the underlying assumptions of the contemporary models of preference decision making.
Experiment 1 (Chapter 2) is a high-powered study that used a typical MEE paradigm to test
whether the effect occurs when participants are aware of repeated pre-exposures to stimuli, and
whether the effect is the same for positive, neutral, and negative stimuli. Very little extant work
on the MEE uses inherently negative stimuli, even though examining the MEE with negative
stimuli provides a helpful test of the effect, as stimuli that start out negative (i.e., receive low
liking ratings) theoretically have the greatest potential room to grow (i.e., receive higher liking
ratings) as a result of pre-exposures. Results demonstrated no MEE with supraliminal preexposures, to stimuli of any valence. Experiments 2 and 3 (Chapter 3) are high-powered studies
that examined the extent to which different kinds of pre-exposures – identical vs categorical –
influence the MEE. In Experiment 2, participants were subliminally pre-exposed to category
members of the stimuli they were later asked to rate; in Experiment 3, participants were
subliminally pre-exposed to the same stimuli they were later asked to rate. Results demonstrated
no MEE with identical or categorical pre-exposures. After these first three studies failed to
produce a MEE, I changed the direction of my research and focused on replicating the MEE
using specific methods which had been successful previously in producing a large MEE.
Experiments 4 and 5 (Chapter 4) used different stimuli than Experiments 1-3, and displayed
them under different conditions. Experiment 6 (Chapter 5) required a change in methodology due
to the COVID-19 pandemic and allowed me to examine the impact of supraliminal preexposures, as well as investigate the test-retest and inter-rater reliability of the MEE. Experiment
7 (Chapter 6) sought to replicate and extend the effect found in Experiment 4 and revisited the
original goal of my dissertation research by examining the impact of repeated pre-exposures on
5

negative stimuli. Finally, I summarize the findings and discuss their empirical and theoretical
impact, as well as potential limitations and future directions for research on the MEE.
1.4: Moderating Variables of the MEE
The typical mere exposure experiment begins with a pre-exposure phase, followed by a
test phase. During the pre-exposure phase, participants are presented with each stimulus
numerous times. I use the term “pre-exposure” to refer to all exposures to a stimulus other than
the last or test-phase exposure. During the test phase, participants are presented with each
stimulus again and asked to make a holistic preference decision such as a liking judgment.
Several variables have been shown to moderate the presence/absence and effect size of
the MEE. These variables can be categorized broadly as: stimulus variables (e.g., stimulus type,
such as pictures or words), stimulus presentation variables (e.g., number of pre-exposures), and
measurement variables (e.g., methods for assessing effects due to pre-exposures, such as making
liking ratings or making attractiveness ratings). Understanding the impact of these moderating
variables provides clarity on the boundaries of the effect, and is critical for testing the
assumptions of the primary models of the MEE.
Moderating variables of the MEE have been investigated directly in individual empirical
studies as well as indirectly in meta-analyses. Empirical studies provide direct comparisons of a
variable, for example, the impact of pre-exposing stimuli subliminally versus supraliminally.
Meta-analyses provide indirect comparisons of a variable, for example, the effect size of the
MEE for all studies that have used subliminal and/or supraliminal pre-exposures. I provide a
summary of insights from empirical studies as well as three meta-analyses (Bornstein, 1989;
Montoya et al., 2017; Stang, 1974) that have provided comparisons across studies.
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1.4.1: Stimulus Variables
Stimulus variables are features or characteristics of the item/object that participants are
repeatedly pre-exposed to. Most of the research has focused on four stimulus variables: stimulus
type (e.g., pictures, words), complexity (e.g., simple portraits, paintings with many figures),
modality (e.g., olfactory, auditory), and valence (e.g., positive, negative). The sections on
stimulus type, complexity and valence are focused on visual stimuli; the vast majority of MEE
research has used visual stimuli.
1.4.1.1: Stimulus Type
Stimulus type is defined as a category of items that have shared characteristics. The MEE
has been demonstrated across several types of stimuli, including words, photographs, drawings,
and geometric figures. Bornstein’s (1989) meta-analysis found that the largest average effect
sizes (r=.37 to .49) occurred with geometric figures (e.g., Bonnano & Stillings, 1986),
meaningful words (e.g., Martindale, 1972), and photographs (e.g., Marcus & Hakmiller, 1975),
whereas the smallest average effect sizes (r=.20 to .24) were found with meaningless words
(e.g., Zajonc, 1968), ideographs and objects (e.g., Saegert & Jellison, 1970). Abstract paintings,
drawings and matrices showed no MEE (r=-.03, Bornstein, 1989). Montoya et al.’s (2017) metaanalysis found that a significant MEE was present across all six stimulus types they included in
their analysis, but found different effects than Bornstein (1989). Montoya et al.’s (2017) metaanalysis found that the effects were larger for ideographs (slope = 336.63), nonsense words
(slope = 291.23), and paintings/drawings/matrices (slope = 264.38) than photographs (slope =
170.19) and polygons (slope = 120.91).
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1.4.1.2: Stimulus Complexity
The complexity of a visual stimulus is defined here as the amount of information
contained within it; the number and diversity of elements it contains (Berlyne et al., 1968;
Donderi, 2006). The MEE has been demonstrated across stimuli ranging from very simple and
unidimensional (e.g., line drawings and geometric shapes), to very complex and
multidimensional (e.g., photographs and paintings).
A larger MEE is typically obtained with complex stimuli compared to simple stimuli,
with several studies directly comparing simple and complex stimuli. For example, Berlyne
(1970) found higher pleasingness ratings for complex, detailed paintings than simple portraits
with a plain background. Seeking to replicate this effect, Oskamp and Scalpone (1975) only
found higher pleasingness ratings for complex stimuli when pre-exposures of both complex and
simple stimuli were presented in random order (i.e., simple stimuli intermixed with complex
stimuli). This finding suggests that contrast between different stimuli may be necessary.
Similarly, Saegert and Jellison (1970) found that liking ratings for simple brush stroke
paintings showed an inverted-U function of liking, reaching asymptote by 2 pre-exposures and
decreasing after 10 pre-exposures, whereas complex Chinese characters showed increases in
liking ratings up to 25 pre-exposures (the maximum number in the study). Applied research by
Cox and Cox (2002) pre-exposed participants to simple and complex drawings of fashion apparel
at varying pre-exposures and asked them to make a series of preference decisions, including badgood, likable-not likable and others. They found that preference increased with pre-exposures for
complex drawings, but decreased for simple drawings. Montoya et al.’s (2017) meta-analysis
demonstrated that both simple and complex stimuli showed an inverted-U function of liking, but
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that the downturn occurred earlier (i.e., at a lower number of pre-exposures) for simple stimuli
compared to complex stimuli.
However, larger MEEs for complex stimuli are not consistently found. For example,
Zajonc et al. (1972) examined liking ratings for complex, abstract paintings and simple sections
of abstract paintings and only found a MEE for the simple stimuli. Stang and O’Connell (1974)
found no difference in pleasantness ratings for simple and complex line drawings across two
experiments.
1.4.1.3: Stimulus Modality
The modality of a stimulus has to do with which sensory system processes information
about the stimulus. While the vast majority of studies on the MEE have used visual stimuli, it has
also been investigated using olfactory stimuli (e.g., Balogh & Porter, 1986), gustatory stimuli
(e.g., Crandall, 1984), auditory stimuli (e.g., Wilson, 1979), haptic stimuli (e.g., Jakesch &
Carbon, 2012), and cross-modal manipulations (e.g., Suzuki & Gyoba, 2007). For example,
Jakesch and Carbon (2012) pre-exposed blindfolded participants twice or ten times to stone and
wooden objects by having them handle each object, and then asked them to rate liking. Results
showed higher liking ratings with higher number of pre-exposures for stone objects, but no effect
for wooden objects. Delplanque et al. (2015) pre-exposed participants to various odours and
asked participants to rate the pleasantness of each odour. Results showed higher liking ratings for
some odours as a result of pre-expose, but no change to liking ratings for others.
The investigation of the MEE using auditory stimuli has found mixed results. For
example, Wilson (1979) used a dichotic listening task to pre-expose participants to simple
melodies in the context of an ongoing task, and then asked participants to make old/new and
liking ratings on each melody. Results demonstrated that participants preferred previously heard
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stimuli, regardless of whether they could accurately identify those stimuli as old. Stang’s (1974)
and Bornstein’s (1989) meta-analyses found a small MEE for auditory stimuli (r=.24). A more
recent meta-analysis (Montoya et al., 2017) examined 34 effects and found no evidence of an
overall MEE for auditory stimuli.
Investigations of the MEE using olfactory (e.g., Balogh & Porter, 1986) and gustatory
(e.g., Crandall, 1984) stimuli also have produced mixed results. For example, Pliner (1982)
repeatedly pre-exposed participants (0, 5, 10, or 20 times) to novel tropical fruit juice, and then
asked them to provide liking ratings. While results demonstrated a linear increase in liking with
increased pre-exposures, liking ratings remained below the neutral point on the rating scale.
Crandall (1984) repeatedly pre-exposed employees to donuts during coffee breaks and found an
increase in donut consumption with pre-exposures over 29 days. Other studies that used familiar,
well-liked foods, such as chocolate (Rolls et al., 1981) or pizza (Pliner et al., 1980) found a
decrease in pleasantness or liking ratings with exposure.
There are two potential explanations for these mixed results. First, the valence of auditory
stimuli is complex, and can be inherently highly positive (e.g., well-liked pop songs) or highly
negative (e.g., atonal/discordant classical music), which some researchers have suggested may
mask an ability to find the MEE (Montoya et al., 2017). The valence of gustatory and olfactory
stimuli is also complex and can be confounded with novelty or hunger/satiation. For example, in
Pliner’s (1982) study, it is challenging to determine whether exposure truly increased liking, or
simply reduced neophobia to a negatively received new food. Second, auditory MEE
experiments use different methods than visual MEE experiments, including factors such as much
longer exposure durations, interstimulus intervals, and delays between pre-exposures and ratings
(Montoya et al., 2017). For example, Delplanque et al.’s (2015) study using olfactory stimuli was
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completed over at least six days, compared to the typical visual MEE study which takes place in
an hour or two. Many studies using gustatory or olfactory stimuli also use naturalistic
behavioural outcome measures, which are indirect measures of liking, and cannot rule out
alternative explanations. These methodological concerns make comparisons with visual stimuli
challenging.
1.4.1.4: Stimulus Valence
The valence of a stimulus is defined as the extent to which it is perceived as positive or
negative (Kensigner & Schacter, 2006). Studies on the MEE have largely been done using
neutral stimuli such as polygons (e.g., Bonnano & Stillings, 1986), ideographs (e.g., Saegert &
Jellison, 1970) and nonsense words (e.g., Zajonc, 1968). Some studies have used more inherently
positive stimuli, such pop songs (e.g., Brentar et al., 1994). Stimulus valence has not been
examined in any of the meta-analyses on the MEE.
Very little of the extant research on the MEE has used inherently negative stimuli.
However, related studies have used neutral images presented with positive or negative contextual
information, and have found mixed results (Perlman & Oskamp, 1971; Zajonc, Crandall, et al.,
1974). For example, Zajonc, Crandall, et al. (1974) showed participants photos of men and
provided either a positive (“these are famous scholars and scientists”) or a negative (“these are
convicted criminals”) backstory to each. They found overall lower scores of liking for the
negative backstory photos, but still found that ratings of liking and goodness increased with preexposures for these photos, up to the 25 pre-exposure maximum.
Other studies have used pre-ratings to establish the baseline valence of stimuli, and also
found mixed results (Brickman et al., 1972; Bukoff & Elman, 1979; Grush, 1976). For example,
Brickman et al. (1972) had participants pre-rate liking of abstract paintings, then used these
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individual ratings to categorize stimuli into positive, neutral and negative conditions for each
participant. They found an interaction between valence and pre-exposures, such that
positive/neutral stimuli became more attractive with increased pre-exposures, but negative
stimuli became more negative. Bukoff and Elman (1979) asked 27 females that did not
participate in their study to pre-rate eight male yearbook photos as negative, neutral, or positive.
Participants in the study were then pre-exposed to these eight photos (two photos each were preexposed once, 5 times, 10 times, or 20 times), and asked to provide ratings on several scales,
which were compiled into a composite score. Results demonstrated that the composite scores
increased with number of pre-exposures, regardless of the initial valence of the stimuli.
Only two studies have used inherently negative stimuli to investigate the MEE. An
unpublished dissertation (Aimers, 2015) pre-exposed participants to positive, neutral and
negative pictures from the International Affective Picture System (Lang et al., 2008), and asked
participants to provide liking ratings. Results demonstrated a MEE only for negative, high
arousal pictures overall, and for positive, high arousal pictures only for high sensation-seeking
participants. One study using olfactory stimuli (Delplanque et al., 2015) found that pre-exposing
participants to neutral and relatively pleasant odours (e.g., leather) led to an increase in
pleasantness ratings, but found no effect for unpleasant odours (e.g., skunk).
1.4.1.5: Stimulus Variables in this Dissertation
The existing studies using negative stimuli have several methodological shortcomings.
First, these studies included very small numbers of unstandardized stimuli (e.g., 4 negative
pictures in Brickman et al., 1972; 8 yearbook portraits in Bukoff & Elman, 1979; 12 words in
Grush, 1976). Second, several of the studies that used pre-ratings to establish baseline valence
(e.g., Brickman et al., 1972) asked the same participants to provide pre-ratings and complete the
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study. This additional pre-rating exposure may confound the impact of pre-exposures. Third,
several studies (e.g., Bukoff & Elman, 1979) used less controlled pre-exposure durations due to
limitations in presentation technology (e.g., use of slide projectors). To address these
shortcomings, studies using large numbers of standardized stimuli with controlled pre-exposure
durations are needed.
Examining the MEE with negative stimuli is a necessary and potentially very fruitful area
of research; if exposure increases liking, then using negative stimuli provides the most potential
for increases in positive ratings. Experiments 1-3 in my dissertation addressed this gap in the
literature by using large numbers of pictures (36-108 pictures) from the Nencki Affective Picture
System, which is a large database with carefully normed positive, neutral, and negative pictures
(Marchewka et al., 2013). In Experiment 6, I established the valence of a database of 200
yearbook portraits (compared to 8 yearbook portraits in Bukoff & Elman, 1979) by asking 389
participants to provide attractiveness ratings, and another 160 participants to provide valence
ratings (compared to 27 participants in Bukoff & Elman, 1979). Experiment 7 examined the
MEE with these positive and negative yearbook photos.
Other stimulus variable methods used in this dissertation were chosen to best detect large
MEEs as suggested by previous research. First, all experiments used photographs (Experiments
1-4, 6-7) or polygons (Experiment 5), which have shown large MEEs (meta-analytic effects sizes
of r=.37 and .41, respectively). Second, the photograph stimuli were also all quite complex,
showing colourful images of scenes, landscapes, and people; complex stimuli have shown
relatively larger MEEs compared to simple stimuli.
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1.4.2: Presentation Variables
Presentation variables have to do with how stimuli were displayed, for how long they
were displayed, in what context they were displayed, and similar variables. Most of the research
has focused on four of these variables: the number of pre-exposures, delay between last preexposure and rating, pre-exposure arrangement, and pre-exposure duration.
1.4.2.1: Number of Pre-exposures
The number of pre-exposures is defined as how many individual times each stimulus is
displayed. Stimuli are typically pre-exposed between 1-50 times, though there is a lot of
variability across studies (Bornstein, 1989). Several studies have demonstrated that ratings
plateau, or begin to decrease, after approximately 10 pre-exposures. For example, Stang and
O’Connell (1974) found that pleasantness ratings for random patterns and geometric stimuli
plateaued at 10 pre-exposures, and then decreased. Others have also demonstrated plateau effects
after between 5 to 20 pre-exposures, depending on the type of stimulus, length of pre-exposure
duration, number of stimuli and length of delay between pre-exposures and ratings (e.g.,
Crandall et al., 1973).
Three studies have tested the MEE using much greater numbers of pre-exposures. Kail
and Freeman (1973) used ideograph stimuli, and found increases in attractiveness ratings up to 9
pre-exposures, followed by a decline up to 243 pre-exposures. In surprising contrast to this result
pattern, however, Zajonc, Crandall, et al. (1974) found that participants rated ideograph stimuli
progressively higher on a goodness scale even up to 243 pre-exposures. In a second study, they
again found that goodness ratings increased, but found that liking ratings increased up to 27 preexposures and then decreased up to 243 pre-exposures. Bornstein’s (1989) meta-analytic results
suggest a performance ceiling with a plateau after 9 pre-exposures: the largest effect size was
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found for 1-9 pre-exposures (r=.21), smaller effect sizes were found for 9-99 pre-exposures
(ranging from r=.14 to .20), and the effect seemed to disappear after more than 100 preexposures (r=.06).
1.4.2.2: Delay Between Pre-exposures and Preference Rating and Pre-exposure
Arrangement
Effects due to pre-exposures may change over time, perhaps according to the function of
forgetting in episodic memory (e.g., Mandler, 1980), and for this reason, researchers have
examined the delay between the time when a participant viewed the last pre-exposure to a
stimulus and rated that stimulus. However, effects due to delay are difficult to estimate because
delay depends on how the stimuli are arranged (Stang, 1974). Pre-exposure arrangement may be
blocked, meaning all pre-exposures of a stimulus are delivered as an uninterrupted sequence, or
they may be randomized, meaning that the sequence may include, for example, stimulus A, then
B, then C, then B again, etc. The latter is called a heterogeneous sequence, compared to the
former which is typically called a homogeneous sequence. Studies using homogeneous preexposures (e.g., Harrison & Crandall, 1972) often have short or no delays between last preexposure to a stimulus and rating of that stimulus (usually less than one minute), whereas studies
using heterogeneous pre-exposures (e.g., Harrison et al., 1972) often have longer delays between
pre-exposures and rating (i.e., the delay ranges from minutes to weeks; even up to 28 years in
one case). In Stang’s (1974) meta-analyses, 11 of 30 homogeneous pre-exposure studies were
classified as having at least some amount of delay, whereas 36 of 61 heterogeneous pre-exposure
studies were classified as such.
A larger MEE is typically found in studies that have heterogeneous pre-exposures and a
delay (Harrison, 1977; Stang, 1974). Bornstein’s (1989) meta-analysis showed slightly smaller
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effect sizes (r=.18) for studies in which participants rated each stimulus immediately after preexposures to only that stimulus, compared to studies in which participants rated all stimuli after
all pre-exposures immediately (r=.20) or after a delay (r=.22). The meta-analysis also showed
that studies using heterogeneous pre-exposures found a moderate effect size (r=.30), whereas
studies using homogeneous pre-exposures showed no effect (r=-.02). Montoya et al.’s (2017)
meta-analysis found that studies with a delay showed a larger MEE, but also showed a decline in
ratings at smaller numbers of pre-exposures when compared to studies without a delay. Stang’s
(1974) meta-analysis demonstrated that delay, not pre-exposure arrangement, accounted for the
difference in the size of the MEE. A 2 X 2 ANOVA of delay (delay/no delay) and pre-exposure
arrangement (homogeneous/heterogeneous) found a significant main effect of delay, with no
main effect or interaction effects due to pre-exposure arrangement (Stang, 1974).
Further complicating the interpretation the findings discussed in this section is the
question of what activities fill the delay. When pre-exposures are arranged in a heterogeneous
sequence, the delay between the last pre-exposure of Stimulus A and making a preference rating
on A is filled with pre-exposures of other stimuli (typically stimuli of the same type as Stimulus
A). By contrast, when pre-exposures are arranged in a homogeneous sequence, the delay can be
filled with other tasks, other stimuli, or no task. Anything that promotes forgetting or makes
memory for the stimuli more difficult (retroactive interference) might have an effect on the
MEE.
1.4.2.3: Pre-exposure Duration
Pre-exposure duration is defined as the amount of time each stimulus is displayed. In a
systematic test of the influence of pre-exposure durations, Hamid (1973; Experiment 3) preexposed participants to random shapes at different exposure durations and asked them to make
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liking ratings. Results demonstrated an inverted U-shaped relationship demonstrating that liking
increased up to pre-exposure durations of 5s, then reached a plateau and decreased at 15s or 25s
pre-exposure durations. This relationship is supported by Bornstein’s (1989) meta-analysis,
which demonstrated that, across 139 independent studies, large effect sizes were found for preexposure durations of <1 second (r=.41), whereas small effect sizes were found for pre-exposure
durations of 1-5 seconds, 6-10 seconds, 11-60 seconds, and >60 seconds (r from .06 to .16). The
largest MEEs have been found with short pre-exposure durations (i.e., under 1 second) and the
smallest MEEs have been found with long pre-exposure durations (i.e., over 60 seconds).
In research closely related to concerns about pre-exposure duration effects on the MEE,
the focus was on the influence due to supraliminal versus subliminal pre-exposures. The MEE
has been found to be particularly large with subliminal pre-exposures (e.g., Barchas &
Perlaki,1986; Bonanno & Stillings, 1986; Mandler et al., 1987). For example, Kunst-Wilson and
Zajonc (1980) presented simple unmasked geometric shapes at a 1-ms pre-exposures, which
were assumed to be subliminal pre-exposures. They verified this assumption by means of a
recognition test and also asked participants to make liking ratings. They found that while
recognition was at chance (48%), preference was significantly higher than chance (60%).
Bornstein and D’Agostino (1992) directly compared the impact of supraliminal (i.e., 500ms) and
subliminal (i.e., 5ms) pre-exposures and found significantly larger MEEs for polygons and
yearbook photographs when they were presented subliminally compared to supraliminally.
Bornstein’s (1989) meta-analysis corroborated these findings: the effect size of MEE for
subliminal stimuli was r=.53, compared to an effect size of r=.14 for supraliminal stimuli.
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1.4.2.4: Presentation Variables in this Dissertation
My dissertation research focused on presentation variables known to have a large
influence on the MEE. One of these variables is pre-exposure duration, particularly the impact of
supraliminal and subliminal pre-exposures. Examining the MEE with subliminal and
supraliminal pre-exposures provides a direct test of one of the critical assumptions of the
perceptual fluency/attribution model (PFA), one of the contemporary models of the MEE. The
PFA predicts that using supraliminal pre-exposures may eliminate or substantially dampen the
MEE.
Other presentation variables examined by my dissertation work were chosen, based on
previous research, to maximize the chance of finding a large MEE. All experiments pre-exposed
participants to stimuli between 0 and 15 times. Research has demonstrated that ratings plateau
and even decrease after 9 pre-exposures; thus, using an upper limit of 15 pre-exposures provided
the opportunity to carefully examine where this potential plateau or decrease occurs. For most
experiments, I used heterogeneous pre-exposures with a fairly substantial delay when possible
(Experiments 1, 4-7). Experiments 2 and 3 investigated the impact of category repetition versus
identity repetition, and for this reason, it was necessary to use homogenous pre-exposures of
stimuli from the same category followed by making immediate ratings.
1.4.3: Measurement Variables
Measurement variables have to do with what participants are required to do when they
make a preference decision. Most of the research has focused on three measurement variables:
the measurement method (e.g., rating scales, forced choice tasks), the type of decision made
(e.g., liking, goodness), and the valence and directionality of the rating scale (e.g., positive,
negative).
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1.4.3.1: Measurement Method (Likert, Forced Choice, Behavioural)
Research on the MEE has used three different measurement methods: Likert scales,
forced-choice tasks, and a number of less commonly used measurement methods. According to
Bornstein and Craver-Lemley (2016), most studies on the MEE required participants to use a
Likert scale to provide ratings. In these studies, participants are pre-exposed to stimuli, and are
then presented with each stimulus individually, and asked to make some type of rating (e.g.,
“How much do you like this picture?”) by choosing where on a scale the stimulus falls. One
advantage of using Likert scales is that they provide a more sensitive measure of change
compared to binary forced-choice tasks (Bornstein & Craver-Lemley, 2016).
Some studies on the MEE required participants to make a forced-choice between pairs of
stimuli. In these studies, participants are pre-exposed to stimuli, and then presented with pairs of
stimuli, with one stimulus in each pair having been pre-exposed, while the other one is novel.
Participants are then asked to make some type of choice between the two stimuli (e.g., “Which
picture do you like more?”). One advantage of using forced-choice tasks is that they better
represent how preference decisions are made in the real-world – that is, choosing between two
options – compared to Likert scales (Bornstein & Craver-Lemley, 2016).
A small number of studies have used indirect measures to assess the MEE. For example,
Bornstein et al. (1987) pre-exposed participants to photos of a target confederate experimenter.
Participants were then asked to discuss with the target confederate and a distractor confederate
and judge the gender of the authour of a series of poems. Bornstein et al. (1987) found that
participants agreed significantly more often with the target confederate than the distractor
confederate; this frequency of agreement was used as the key measure. Indirect measures have
same advantage as blinding procedures, in which participants are not intentionally driven to
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behave in a particular way; one disadvantage is that they are susceptible to extraneous variables
and alternative explanations (Bornstein & Craver-Lemley, 2016).
1.4.3.2: Type of Rating
The type of rating is defined as the dimension of liking or preference which participants
use to make decisions. Saegert and Jellison (1970) asked participants to make ratings on liking
and goodness scales, and found comparable effects for both, though goodness ratings were more
variable. Zajonc, Crandall, et al. (1974) asked participants to make ratings on several different
scales and found increases in ratings of goodness up to 243 pre-exposures at 167 ms and 1s preexposures, but a U-shaped function for other ratings (interesting-boring, beneficial-harmful, and
like-dislike) at 1s pre-exposures. However, Kail and Freeman (1974) found goodness ratings
showed weaker effects than attractiveness or interestingness ratings. Bornstein’s (1989) metaanalysis demonstrated that studies that asked participants to make liking ratings had a slightly
larger combined effect size (r=.31) than studies that asked participants to make goodness-ofmeaning ratings, pleasantness/appeal ratings, or other ratings (r from .20 to .22).
1.4.3.3: Valence and Directionality of Rating Scale
Rating scales can vary on valence and directionality; the rating scale can ask about
something positive (e.g., liking, attractiveness) or something negative (e.g., disliking,
repulsiveness). Mandler et al. (1987) repeatedly pre-exposed participants to geometric figures,
and then provided participants with a forced-choice task using pairs of polygons – one that was
previously pre-exposed, and one that was new. Mandler et al. (1987) found that participants
making liking decisions selected pre-exposed stimuli more often than chance. Though the results
of participants making disliking judgements did not reach statistical significance, Mandler et al.
(1987) did find that the results demonstrated greater disliking due to pre-exposure when
20

compared to the complementary value for liking judgements. A contrasting finding comes from
Seamon et al. (1998), who repeatedly pre-exposed participants to polygons, and then provided
participants with a forced choice task. Half of the participants were asked to decide which
polygon they liked, and the other half of the participants were asked to decide which polygon
they disliked. Seamon et al.’s (1998) results demonstrated that participants asked to make liking
decisions selected pre-exposed stimuli more often than chance whereas participants asked to
make disliking decisions selected new stimuli more often than chance.
The directionality of the rating scale can be unipolar (e.g., 0 = not attractive at all, 6 =
very attractive) or bipolar (e.g., 0 = very repulsive, 6 = very attractive). Numerous studies have
used unipolar scales, for example, rating liking from “Not at all” to “Very much” (Gillebaart et
al., 2012) and bipolar scales, for example, rating from “Very unappealing to very appealing”
(Kail & Freeman, 1973); “Extremely dislike to extremely like” (Saegert & Jellison, 1970).
Further research is needed into comparing the impact of directionality of rating scales. To my
knowledge, no study has directly compared how using a unidirectional or bidirectional scale
impacts liking ratings.
1.4.3.4: Measurement Variables in this Dissertation
Examining the MEE with both positive and negative scales provides a direct test of a
critical assumption of both the PFA and HFM, the two contemporary models of the MEE. The
two models make opposing predictions about ratings made along a dimension or a scale with a
negative valence. The PFA predicts that participants will provide higher ratings on a positive
scale (i.e., more liking) and higher ratings on a negative scale (i.e., more disliking) to stimuli that
are pre-exposed. The HFM predicts that participants will provide higher ratings on a positive
scale (i.e., more liking) and lower ratings on a negative scale (i.e., less disliking) to stimuli that
21

are pre-exposed. To test the assumptions made by the two theories, Experiments 1-3 asked
participants to make ratings on either a positive (attractiveness) or a negative (repulsiveness)
scale.
Another aspect of scales that affects the MEE has to do with “cold” cognitions versus
“hot” cognitions. Cold cognitions are exemplified by scales that capture more of an exploratory
or curiosity component, such as interestingness. Hot cognitions are exemplified by scales that
capture more of an affective component, such as liking or pleasantness. Zajonc, Crandall, et al.
(1974) asserted that if ratings contain an exploratory or cold component, ratings may decline
after many pre-exposures, whereas if they contain purely an affective or hot component, ratings
may continue to increase or may plateau.
Studies that have used scales that measure cold cognitions have often found inverted Ushaped functions instead of a linear increase in ratings (e.g., Berlyne, 1970). This type of rating
is rapidly satiated. Studies that have used scales that measure hot cognitions have often found
linear increases in ratings (e.g., Zajonc, Crandall, et al., 1974). This type of preference is not
rapidly satiated, and is more holistic, based not in curiosity but in affinity, automaticity, an
implicit and preconscious preference. My experiments asked focused on hot cognitions and
participants to make attractiveness/repulsiveness and liking ratings.
Other measurement variable methods used in this dissertation were chosen to detect large
MEEs most sensitively as suggested by the research. I used Likert scales for all experiments, to
maximize sensitivity of the measure. I used 6-point (Experiment 1) and 8-point (Experiments 27) scales, as studies have shown that Likert scales of 7+/- 2 are optimal (e.g., Cox, 1980).
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1.5: Models of the Cognitive-Affective Mechanisms of the Mere Exposure Effect
Many models have been proposed to account for the MEE. In this section, I briefly
discuss three historical models, providing insights into the assumptions of each model and
reviewing the evidence for and against each model. The historical models each emphasize
different responses we can have when we encounter an event or stimulus: Berlyne’s (1970)
arousal model emphasizes physiological arousal; Stang’s (1974) two-factor model emphasizes
cognitive processing; and Zajonc’s (1980) affective primacy hypothesis emphasizes affective
processing.
1.5.1: Historical Models
One of the earliest accounts of the MEE was Berlyne’s (1970) arousal model. The model
assumes that every stimulus has the potential to create arousal. Arousal potential is defined as
anything about the stimulus that can increase arousal (i.e., the physiological activity associated
with emotion). The arousal potential of a novel, simple stimulus is assumed to be moderate,
whereas the arousal potential of a novel, complex stimulus is assumed to very high (see figure
above). A stimulus’ arousal potential is assumed to progressively decrease with repeated
exposures, as shown in the figure. Berlyne (1970) assumed that arousal potential directly maps
onto liking or preference. Specifically, he assumed that very low and very high levels of
physiological arousal are experienced as unpleasant and therefore disliked, whereas a moderate
level of arousal potential is experienced as pleasant and therefore most preferred or liked
(Berlyne, 1960; 1970). As a result of exposures to a stimulus, there is a decrease in arousal
potential. As arousal potential decreases, liking decreases for familiar, simple stimuli, but liking
increases for familiar, complex stimuli, as illustrated in the figure. Berlyne (1970) also assumed
that there is an additional process that engages after many repeated exposures to simple stimuli.
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Each time a stimulus is encountered, some additional learning about that stimulus takes place.
There is less to learn about simple stimuli than complex stimuli and learning quickly reaches an
asymptote. Berlyne (1970) assumed that at this stage, boredom with the stimulus occurs, and it
keeps increasing with further exposures. Boredom is experienced as negative, and therefore,
increasing boredom results in less liking or even disliking.

Figure 1.2. Inverse U-shaped function showing how an item’s arousal potential affect preference ratings.

Berlyne’s arousal model can account for the finding that larger MEEs occur with
complex stimuli than simple stimuli (see Bornstein, 1989 for a meta-analysis). A series of studies
that sought to test the arousal model against the perceptual fluency/attribution model by
manipulating the subjective and objective familiarity of stimuli found evidence in favour of the
arousal model (Lee, 2001). However, the model cannot account for neuropsychological research
demonstrating that physiological arousal, measured using EEGs, decreases with stimulus
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complexity (e.g., Nicki & Gale, 1977). The arousal model also cannot account for behavioural
research showing that higher numbers of repeated pre-exposures resulted in increased liking (up
to 243 pre-exposures in Zajonc, Crandall, et al. 1974), because the model predicts that preference
should decrease with high numbers of pre-exposures.
Stang’s (1974) two-factor model built on Berlyne’s (1970) model, but it emphasized
cognitive processing rather than arousal. The two-factor model assumes that the MEE is a result
of two processes: learning and satiation. Stang (1974) assumed that learning is a negatively
accelerating process. When a stimulus is encountered for the first time, the amount of learning is
relatively large; with each additional encounter of the same stimulus, the amount of learning
decreases and eventually reaches an asymptote. Stang (1974) also assumed that the change in
learning is positively correlated with liking. Stang (1974) used the label satiation to refer to a
process that occurs when an encounter with a stimulus no longer results in any learning. At this
stage, any additional encounters with a stimulus are assumed to produce something like boredom
or ennui, resulting in a decrease in liking. Taken together, these assumptions predict an invertedU shaped function of liking as a result of repeated exposure, where more exposures to a stimulus
result in increased liking for that stimulus to a point, and thereafter a decrease in liking.
Stang’s two-factor model can account for the finding that complex stimuli show more robust
MEEs than simple stimuli (e.g., Bornstein et al., 1990), consistent with the assumption about
how satiation works. As with Berlyne’s arousal model, the two-factor model cannot account for
the finding that very high numbers of pre-exposures can lead to increased liking; the model
predicts that boredom would occur, resulting in decreased liking at high numbers of preexposures (e.g., Zajonc, Crandall, et al., 1974).
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Zajonc (1980) proposed the affective primacy hypothesis, which emphasized affective
processing rather than cognitive processing or arousal. Zajonc (1980) assumed that there are two
types of processing that take place after sensory processing of a stimulus: affective processing,
which is based on global stimulus features, and memory processing, which is based on specific
stimulus details. According to Zajonc (1980), affective processing is automatic and takes place
before cognitive processing of the stimulus.
Zajonc’s affective primacy hypothesis can account for the finding that subliminal preexposures to stimuli can elicit large MEEs (e.g., Kunst-Wilson & Zajonc, 1980; Murphy &
Zajonc, 1993). While participants in these experiments preferred subliminally pre-exposed
stimuli to new ones in a forced-choice rating task, their recognition for the pre-exposed stimuli
was at chance, suggesting that recognition and feature identification processes had not taken
place. It can also account for more recent work showing that the MEE remained intact in patients
experiencing transient global amnesia, where a large portion of cognitive processing is impaired.
This finding suggests that the MEE can occur without much higher-level cognitive processing
(e.g., Marin-Garcia et al., 2013). However, Zajonc’s model cannot account for some research
that directly compared speed of semantic categorization and affective categorization and found
that semantic processing happened faster than affective processing (e.g., Nummenmaa et al.,
2010).
1.5.2: Contemporary Models
The two most prominent contemporary accounts of the MEE are the perceptual
fluency/attribution model (PFA), and the hedonic fluency model (HFM). Both these models
assume that something about how we process information or stimuli gives rise to the MEE. Both
models assert that repeated exposure to a stimulus impacts the ease, speed, or fluency of
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processing (Bornstein & D’Agostino, 1994; Winkielman et al., 2003). However, the two models
diverge on how this fluency of processing (referred to as “fluency” in this dissertation) is
experienced and attributed – that is, how fluency leads to increased liking. Specifically, the PFA
assumes that fluency is experienced as affectively neutral and attributed according to several
factors (discussed below), whereas the HFM assumes that fluency is experienced as affectively
positive.
1.5.2.1: The Perceptual Fluency/Attribution Model (PFA)
The PFA assumes that repeated exposure to a stimulus leads to more fluent perceptual
processing of that stimulus. This assumption builds on Mandler et al.’s (1987) nonspecific
activation model, which gives insight into the cognitive processes that create memory
representations. According to Mandler, each time a stimulus is presented, we process its
constituents and its context. The basic constituents are always the same, whereas the context
changes across the presentations of a stimulus. Consistent with Hebb’s idea that “neurons that
fire together wire together,” Mandler postulated that across presentations, the constituents of a
stimulus are forged into a coherent memory representation. Mandler used the label ‘integration’
to refer to the strength of the connections that bind together the constituents of a stimulus; he
used the label ‘elaboration’ to refer to the associations between a stimulus’ representation and the
contextual features of when and where it was presented (Mandler, 1979a; 1979b; 1980). Mandler
also assumed that any time a stimulus needs to be processed, this processing is facilitated from
the top-down by the re-activation of its existing memory representation, and to the extent that
this representation is strongly integrated, stimulus processing is faster, more fluent, and more
automatic.
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According to the PFA, stimuli with strongly integrated memory representations are
processed quickly, fluently, and automatically, and the attribution of this fluency is contextdependent, that is, guided by the constraints of the current task or question (Bornstein &
D’Agostino, 1992). The task at hand guides how fluency is used or channeled: in the context of
making fame decisions, fluency is attributed to fame (e.g., Jacoby, Kelley, et al., 1989; Jacoby,
Woloshyn, et al., 1989); in the context of making old/new recognition decisions, fluency is
attributed to familiarity (Jacoby, Kelley, et al., 1989); in the context of making preference
decisions, fluency is attributed to increased preference (e.g., Jacoby & Dallas, 1981; Klinger &
Greenwald, 1994). Mandler et al. (1987) and Jacoby et al. (1989a; 1989b)’s theoretical work was
developed in the context of memory research; Bornstein & D’Agostino (1992; 1994) built on this
work to develop the PFA and apply the same underlying assumptions to preference decisions.
They assert that the experience of fluency is interpreted in “the most parsimonious and
reasonable” way “given situational constraints and contextual cues” (Bornstein & D’Agostino,
1992, p. 107). This attribution takes place because of a lack of conscious awareness of the source
of the fluency, and therefore, contextual cues or cognitive constraints (e.g., the question being
asked) guide the attribution.
Bornstein and D’Agostino (1992; 1994) asserted that participants can adjust this
attribution to some extent when they are aware of the connection between repeated exposures
and the rating or judgment they are being asked to make. This correction process can be thought
of as a process that occurs in parallel with the attribution of the fluency. When participants know
or suspect what might have contributed to a change in the processing of a stimulus, as can be the
case with supraliminal exposures of clearly recognizable stimuli, or with rating immediately
following exposures, participants can discount the influence of the fluency, and “correct” the
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initial attribution. However, when the source of the fluency is not clear, as is the case with
subliminal exposures, or with a longer delay between exposures and rating, the task or situation
guides attribution of the fluency, no correction process takes place, and therefore, larger MEEs
should be found. This assumption is in line with Jacoby et al.’s (1989a; 1989b) finding that the
false fame effect does not occur if participants remember seeing the names previously in the
experiment – the influence of fluency is then discounted or corrected in their recognition
decision. Bornstein and D’Agostino (1994) clarify that this correction process is not dependent
on stimulus recognition per se (i.e., supraliminal vs. subliminal exposures), but rather is
dependent on a participant making a conscious connection between prior exposures and the
rating being made (Bargh 1992; Bowers 1984).
Effects linked to fluency are thought to be due to a relative, not absolute, difference in the
fluency of processing. Jacoby and Dallas (1981) explained that: “...effects are found if one
considers change in performance produced by prior study rather than absolute level of
performance” (p. 320). Mandler et al. (1982) demonstrated that the change in integration of a
mental representation due to a single exposure to a stimulus is dependent on the existing level of
integration.
1.5.2.2: The Hedonic Fluency Model (HFM)
The HFM asserts that fluency is instead hedonically marked and inherently experienced
as affectively positive (e.g., Winkielman et al., 2003). Winkielman et al. (2003) assumed that the
experience of high processing fluency elicits a “genuine affective response” (p. 9), and that
processing fluency is experienced as a marker of positive affect.
The positive hedonic marking of fluency may be rooted in multiple mechanisms.
Winkielman et al. (2006) proposed three main reasons that fluency is inherently experienced as
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positive. First, fluency is an indicator of the success of current processing. Fluency may lead to
positive attributions “because fluency indicates error-free processing and successful recognition
of a stimulus” (Winkielman et al., 2006, p. 800). Second, fluency is experienced as familiar and
safe. Several researchers (e.g., Mandler, 1980; Winkielman et al., 2003; Winkielman et al., 2006)
suggested that highly fluent processing is an indicator that we have likely seen a stimulus before,
and that it is familiar. Familiarity may be experienced as positive due to biological
predispositions that mark novel items as potentially threatening (Zajonc, 1998). Third, fluency is
an indicator of prototypicality or symmetry. Research demonstrates that
prototypical/symmetrical stimuli are processed more quickly and easily (e.g., Palmer, 1991).
Both humans and non-human animals reliably demonstrate a preference for
prototypical/symmetrical stimuli, in faces (e.g., Rhodes, 1996), in shapes (e.g., Berlyne, 1974),
and in animals/objects (e.g., Halberstadt & Rhodes, 2000).
Fluency of processing can be experienced and expressed objectively or subjectively.
Objective fluency refers to measurable, quantifiable evidence of efficient processing, such as fast
response times, high performance or accuracy, and low resource demands. Subjective fluency
refers to a phenomenological experience of low effort or ease of processing. Objective and
subjective fluency are dissociable (Winkielman et al., 2003).
Proponents of both the PFA and HFM assumed that the effects due to fluency of
processing do not require conscious attention to or conscious processing of the stimulus.
Bornstein and D’Agostino (1994) asserted that “fluency effects occur effortlessly and
automatically, and do not require conscious attention or controlled, strategic processing of
stimulus content” (p. 4). They likened fluency as a result of repeated exposure to a type of
implicit memory for exposure to the stimulus.
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1.5.3: How the Models Account for the Research
Proponents of both the PFA and HFM used them to guide their research into the
assumptions of these models. In this section, I review the empirical evidence for each model.
1.5.3.1: How the Perceptual Fluency/Attribution Model Accounts for the Research
The PFA can account for two primary findings in the MEE literature. First, studies have
demonstrated a large and reliable MEE with subliminal stimulus pre-exposures (e.g., Bornstein
et al., 1987; Bonnano & Stilling, 1986). In one compelling experiment, Kunst-Wilson and Zajonc
(1980) pre-exposed participants to geometric figures at 1ms pre-exposures, then used a forcedchoice rating task. Participants saw each pre-exposed figure simultaneously with a new figure
and were asked to choose which one they liked better and which one they had previously seen.
Results demonstrated that while recognition performance was at chance (48%), preference for
previously seen stimuli was significantly higher than chance (60%) (Kunst-Wilson & Zajonc,
1980). Bornstein’s (1989) meta-analysis demonstrated that, across 139 independent studies, large
effect sizes were found for pre-exposure durations of <1 second (r=.41), whereas small effect
sizes were found for exposure durations of 1-5 seconds, 6-10 seconds, 11-60 seconds, and >60
seconds (r from .06 to .16).
Second, the MEE is enhanced by a delay between stimulus exposure and rating for
recognizable stimuli. For example, Stang (1975a) pre-exposed participants to written Turkish
words, and then asked them to rate the pleasantness of each word immediately following preexposures, 5-minutes later, and two weeks later. Results demonstrated no impact of preexposures on pleasantness for immediate ratings. However, at the longer delays, participants
rated pictures pre-exposed more frequently as more pleasant. Bornstein’s (1989) meta-analysis
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demonstrated that studies with a delay between pre-exposures and ratings produced a larger
MEE (r = .22) than studies with ratings immediately following pre-exposures (r = .18).
The PFA predicts that both these methods – subliminal pre-exposures and delay between
pre-exposure and ratings – should result in larger MEE. When participants are asked to rate
subliminally pre-exposed stimuli, or asked to rate stimuli after a delay, they experience high
fluency of processing; because memory fades with time, participants are less likely to remember
the pre-exposed stimuli and thus they interpret the enhanced fluency in line with the
requirements of the rating task. Therefore, the larger MEE with subliminal exposures and the
larger MEE with longer delay provides support for the assumptions made by the PFA.
1.5.3.2: How the Hedonic Fluency Model Accounts for the Research
The HFM can account for two primary findings in the MEE literature. First, the HFM
accounts for the finding that increased fluency results in increased liking on both positively
framed (e.g., liking) and negatively framed (e.g., disliking) scales. Reber et al. (1998;
Experiments 2 and 3) manipulated perceptual fluency using contrast of black-and white
geometric patterns and then asked participants to rate prettiness or ugliness (Experiment 2). They
also manipulated perceptual fluency by presenting neutral geometric patterns for different
durations (100, 200, 300 or 400ms), and then asked participants to rate liking or disliking
(Experiment 3). The authours asserted that if increased fluency is experienced as affectively
neutral, then the fluency should be attributed as increased liking when participants make ratings
on a positive scale and increased disliking when participants make ratings on a negative scale.
However, if increased fluency is experienced as affectively positive, then it should be attributed
as increased liking and decreased disliking. Results demonstrated that fluently processed stimuli
were found to be rated as prettier and liked more, as well rated as less ugly and disliked less
32

(Reber et al., 1998). Similarly, Seamon et al. (1998) briefly pre-exposed participants to polygon
figures, then displayed each pre-exposed polygon with a new polygon. Participants were asked to
choose which polygon from each pair they liked more or disliked more. Results, which the
authours then replicated, demonstrated that participants liked pre-exposed polygons at a rate
greater than chance, and disliked new polygons at a rate greater than chance. Taken together,
these findings suggest that fluency may be experienced as inherently positive.
Second, the HFM accounts for research demonstrating that fluency elicits changes in
physiological markers of affect. Winkielman and Cacioppo (2001) used facial EMG to measure
changes in muscular activity over the zygomaticus major (“the smiling muscle”) and the
corrugator supercilii (“the frowning muscle”), which are considered useful markers of positive
and negative emotion, respectively (e.g., Bradley, 2000; Cacioppo et al., 1992). Results
demonstrated that processing more fluent stimuli was associated with greater zygomaticus major
activity but not associated with corrugator supercilia activity. Similarly, Harmon-Jones and Allen
(2001) pre-exposed participants to yearbook photos, then presented both pre-exposed and new
yearbook photos, asked them to rate how much they liked the person in each photo. Results
demonstrated greater zygomaticus activity when participants viewed pre-exposed photos
compared to new photos. These physiological data corroborate the behavioral data, supporting
the assumption that fluency is experienced as inherently positive.
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Chapter 2: An Investigation of the MEE with Supraliminal Pre-exposures
This chapter reports my first laboratory experiment on the MEE. The motivation for this
experiment was to explore the size of the effect and the basic parameters of the effect. Despite
assumptions about the ubiquity of the MEE, the research shows the effect is fickle, and occurs
under some but not all conditions, with some but not all stimuli, with some but not all preexposure conditions. For this reason, the primary goal of this experiment was to document the
MEE – in order to explore the research questions I was interested in, it was first necessary to
determine where the effect occurs and is maximized. The second goal of this experiment was to
investigate several critical assumptions of the PFA and the HFM. The present experiment used
supraliminal pre-exposures of large numbers of standardized positive, negative, and neutral
stimuli and asked participants to make ratings on either a positively framed or negatively framed
scale.
Examining the MEE with supraliminal pre-exposures provides a direct test of one of the
critical assumptions of the PFA. The PFA predicts that supraliminal pre-exposures may eliminate
or substantially dampen the MEE (Bornstein & D’Agostino, 1992; 1994). Results on
supraliminal versus subliminal pre-exposures are unclear (e.g., Bornstein & D’Agostino; Newell
& Shanks, 2007). A large scale study with a large sample of carefully normed stimuli is required
before reaching strong conclusions about the influence of supraliminal versus subliminal preexposures.
Examining the MEE with negative stimuli is necessary because very few studies have
done so, and using negative stimuli provides a further test of the HFM. If even negative stimuli
can become more liked with repeated pre-exposures, this provides evidence in line with the
assumption that fluency of processing is hedonically marked and always experienced as positive.
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The present experiment used large numbers of pictures from the Nencki Affective Picture
System (NAPS) with well-established positive, neutral, and negative ratings (Marchewka et al.,
2013) to address this issue.
Examining the MEE with scales or dimensions with a positive valence (e.g., how
attractive is this stimulus?) or a negative valence (e.g., how repulsive is this stimulus?) provides
a direct test of a critical assumption of both the PFA and HFM as the two models make mutually
exclusive predictions. The PFA assumes that participants attribute fluency in line with the task or
context. Therefore, participants should provide higher ratings on a negative scale (i.e., more
repulsiveness) to stimuli that are pre-exposed. The HFM assumes that fluency is always
experienced as hedonically positive. Therefore, participants should provide lower ratings on a
negative scale (i.e., less repulsiveness) to stimuli that are pre-exposed. To test this prediction, the
present experiment randomly assigned participants to make either attractiveness ratings or
repulsiveness ratings.
Other stimulus, presentation, and measurement variable methods used in the present
experiment were chosen to best detect a large MEE, consistent with the results of previous
research. First, I used complex photograph stimuli, which have shown large MEEs (e.g.,
Bornstein & D’Agostino, 1992). Second, participants were pre-exposed to stimuli 0, 2, or 5 times
– high enough numbers to obtain a MEE, and low enough numbers to avoid plateau effects (e.g.,
Crandall et al, 1973). Third, stimuli were pre-exposed heterogeneously, and there was a delay
between pre-exposure and rating, factors which have been shown to strengthen the effect (e.g.,
Harrison & Crandall, 1972). Finally, I used Likert scales with an optimal number of scale points,
which are known to be sensitive measures of detecting the MEE (e.g., Bornstein & CraverLemley, 2016).
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2.1: Experiment 1 Method
The methods used for this experiment introduce the rating task used in Experiments 2-3
as well, which were all laboratory experiments conducted in-person.
2.1.1: Participants and Design
The participants for this experiment were 43 undergraduate students (36 female) from the
department of Psychology at the University of British Columbia. Participants were randomly
assigned to make either attractiveness ratings (n=21) or repulsiveness ratings (n=22). Participants
received partial course credit through the Psychology Human Subject Pool for their participation
in the study, which was approved by the University of British Columbia Behavioural Research
Ethics Board.
2.1.2: Materials
2.1.2.1: NAPS Pictures
I selected 108 coloured pictures from the Nencki Affective Picture System (NAPS)
database (Marchewka et al., 2013). The NAPS database is a fairly recent database of 1356
realistic, high-quality photographs that have been rated by several hundred participants (and
validated cross-culturally; see Riegel et al., 2017) on multiple emotional scales, including
valence and arousal. The NAPS database was created to address some of the shortcomings of
previous stimulus databases (e.g., the International Affective Picture System, IAPS), such as
poor picture quality and limited numbers of stimuli in specific categories. The selected pictures
showed people, facial expressions, animals, and objects (see examples in Figure 2.1). Of the
selected pictures, 36 were positive (mean rating = 6.74 on a 9-point scale from 1=very negative
to 9=very positive), 36 were neutral (mean rating = 4.97), and 36 were negative (mean rating =
3.60). To minimize influences due to arousal, I aimed to keep arousal levels similar across the
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pictures: mean arousal ratings for pictures in each valence condition were 5.4, 5.26, and 5.59 (on
a 9-point scale) for positive, neutral, and negative pictures respectively. Each picture was saved
as a 480 by 360 pixel .jpeg file; either in portrait or landscape mode (longer side being 480
pixels).

Figure 2.1. Examples of positive, neutral, and negative NAPS pictures.

2.1.3: Procedure
Participants were tested individually in a quiet room, equipped with a desktop computer
running E-Prime V2.0 (Psychology Software Tools, 2012).
2.1.3.1: Picture Rating Task
The experiment had 360 trials, each consisting of the two parts shown in Figure 2: A
fixation cross display, for drawing participants’ attention to the screen center where all displays
were located, followed by a NAPS picture display. To guard against anticipatory responses, the
fixation cross was displayed for a randomly assigned duration of 250, 750, or 1250ms.
Immediately after the fixation cross, a NAPS picture was shown, together with a question, and an
attractive or repulsive rating scale, as arranged in Figure 2.2. The question asked “How
[attractive/repulsive] is this picture?” and the 6-point rating scale had endpoints labeled “Not
[attractive/repulsive] at all” (1) and “Extremely [attractive/repulsive]” (6). On the display screen,
the pictures measured between 14.5 cm by 11 cm and 19 cm by 13.5 cm. The text at the bottom
of the screen was written in 28-point Tahoma font, measuring 1 cm high on the screen.
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Figure 2.2. One trial of the picture rating task used for rating positive, negative, and neutral pictures in
Experiment 1.

Each NAPS picture display included a picture, question, and scale that appeared
simultaneously, and remained on the screen until the participant responded. Upon participant
response, the display disappeared, and the next trial began. Participants received auditory
feedback (i.e., a relatively soft 300ms pure tone) if their rating response was unreasonably
different than the picture valence norm (e.g., if a participant responded with a 1 or a 2 on the
attractiveness scale for a positive picture, or a 5 or 6 on a repulsiveness scale for a positive
picture).
The picture rating task was intended to focus attention on each picture’s content and its
valence. I required participants, using written and spoken instructions, to rate each picture,
according to how attractive or repulsive they found it. Instructions emphasized responding
quickly and accurately: “Please do not take too much time on any one picture. We are looking
for your gut reaction response to each picture.” The participant used the number keys 1-6 on a
standard keyboard to provide their rating.
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The critical variable – number of pre-exposures per picture – was manipulated within the
36 pictures from each valence condition: 12 pictures of each valence condition were not preexposed, 12 pictures were pre-exposed twice, and 12 pictures were pre-exposed five times. This
resulted in 84 pre-exposure displays per valence condition, and a total of 252 pre-exposure
displays for the experiment. All pre-exposures were done using the picture rating task. Following
all pre-exposures, each picture was displayed one final time using the same picture rating task,
for a total of 108 final exposure displays.
I created three different versions of the experimental program to ensure counterbalancing.
I used a Latin square design to ensure that each sub-set of 12 pictures per valence condition was
pre-exposed zero times in one version, two times in one version, and five times in one version.
Each of these three programs was then copied to create one version with the attractiveness scale,
and one version with the repulsiveness scale, for a total of six unique programs. Participants
were randomly assigned to complete one of the six versions. Each participant saw all three
picture types (positive, negative, and neutral) at all three pre-exposure conditions (0, 2, and 5
pre-exposures).
2.1.3.2: Experiment Flow
Participants were tested individually in the lab. Each participant provided written consent
at the beginning of the experiment. Participants were provided with spoken instructions as well
as written instructions on the screen. After receiving instructions, participants were provided
with an opportunity to ask questions, and to practice the picture rating task ten times. Following
practice, participants were told that they would receive auditory feedback if their ratings were
very different than the expected rating for a picture. They were then provided another
opportunity to ask questions, and given instructions once more.
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Participants were shown all pre-exposure displays while rating each picture. Participants
then took a brief break and were asked to complete the 60-item NEO Five Factor Personality
Inventory (Psychological Assessment Resources, Inc., 1989). This break lasted approximately
five minutes, and then participants rated each picture one final time. The entire experimental
session took approximately one hour, and participants were thoroughly debriefed at the end.
2.2: Experiment 1 Results
The goals of this experiment were to document the MEE with a large number of wellcontrolled valenced stimuli and precise control over pre-exposures, and to start testing the critical
assumptions of the PFA and HFM. Positive, neutral, and negative pictures from the normed
NAPS database (Marchewka et al., 2013) were supraliminally pre-exposed zero, two, or five
times. All pictures were presented one final time, and participants rated each picture on either an
attractiveness or repulsiveness scale. All analyses below were performed on the rating and
response time for this final presentation. I used each participant’s mean attractiveness or
repulsiveness rating in the analysis. Because response times are positively skewed, I used each
participant’s median response time in the analysis.
2.2.1: Data Preparation
For this and all further studies, I examined each participant’s mean liking rating and
median response time to determine whether they were completing the task as expected.
Participants’ data was removed in its entirety from final analyses if their mean liking rating was
more than three standard deviations from the overall mean of means, or if their median response
time was over three standard deviations from the overall mean of medians, as this was
interpreted as a failure to follow instructions to make rapid, holistic decisions. The data of one
participant in Experiment 1 were excluded from final analyses due to a median rating response
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time over three standard deviations from the overall mean of medians. The data from a total of
42 participants (35 female; 21 who made attractiveness ratings, 21 who made repulsiveness
ratings) remained for use in the analyses reported below.
2.2.2: Rating Task Results
Participants’ ratings of the pictures are shown in Figures 2.3 and 2.4; Figure 2.3 shows
mean ratings for participants who made attractiveness ratings and Figure 2.4 shows mean ratings
for participants who made repulsiveness ratings. The data indicate that participants made
different attractiveness or repulsiveness ratings for pictures from the different valence conditions.
However, the data also indicate that participants provided very similar attractiveness or

Attractiveness Rating (1-6)

repulsiveness ratings regardless of number of pre-exposures.
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Figure 2.3. Mean attractiveness ratings of negative, neutral, and positive pictures that were pre-exposed zero,
two, or five times. The data show that participants (n=21) rated positive pictures more attractive than neutral
pictures, which, in turn, were rated more attractive than negative pictures. All error bars represent the 95%
confidence interval.
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Repulsiveness Rating (1-6)
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Figure 2.4. Mean repulsiveness ratings of negative, neutral, and positive pictures that were pre-exposed zero,
two, or five times. The data show that participants (n=21) rated positive pictures less repulsive than neutral
pictures, which, in turn, were rated less repulsive than negative pictures. All error bars represent the 95%
confidence interval.

These observations are supported by the results of a mixed ANOVA, with valence
condition (positive, neutral, negative), and number of pre-exposures (0, 2, and 5) as withinsubjects variables, and rating type (attractiveness or repulsiveness) as a between-subjects
variable. Mauchly’s test indicated that the assumption of sphericity had been violated for valence
condition, χ2 = 37.04, p < .001, and thus a Greenhouse-Geisser correction was used. The
ANOVA results revealed a significant main effect of rating type, F(1, 40) = 838.60, p < .001,
η2= 1, which was qualified by an interaction between valence condition and rating type, F(1.22,
48.82) = 211.96, p < .001, η2= .84, illustrated in Figures 1 and 2. Participants who made
attractiveness ratings rated positive pictures (M = 3.62, 95%CI [3.30, 3.95]) significantly more
attractive than neutral (M = 2.38, 95%CI [2.09, 2.67]), which were rated significantly more
attractive than negative pictures (M = 1.82, 95%CI [1.52, 2.13]). Participants who made
repulsiveness ratings rated positive pictures (M = 1.79, 95%CI [1.47, 2.12]) significantly less
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repulsive than neutral pictures (M = 3.01, 95%CI [2.72, 3.30]), which were rated significantly
less repulsive than negative pictures (M = 3.81, 95%CI [3.51, 4.12]). These results are consistent
with the NAPS database norms. The difference between ratings to positive pictures and neutral
pictures is approximately the same as the difference between ratings to neutral pictures and
negative pictures, as expected in view of how the stimuli were selected. The critical analyses
examining a main effect due to pre-exposures, F(2, 80) = .13, p = .88, and the interaction of preexposures and rating type, F(2, 80) = .36, p = .70, were not significant. No other significant
effects were found.

2.2.3: Response Times
Participants’ rating response times are shown in Figures 2.5 and 2.6; Figure 2.5 shows the
mean of median response times for participants who made attractiveness ratings and Figure 2.6
shows the mean of median response times for participants who made repulsiveness ratings. The
data indicate that participants were faster to respond to pictures pre-exposed twice or five times
than to pictures that were not pre-exposed, for participants who rated attractiveness as well as
participants who rated repulsiveness.
These observations are supported by the results of a mixed ANOVA, with valence condition
(positive, neutral, negative), and number of pre-exposures (0, 2, and 5) as within-subjects
variables, and rating type (attractiveness or repulsiveness) as a between-subjects variable.
Mauchly’s test indicated that the assumption of sphericity had been violated for pre-exposures, χ2
= 58.67, p < .001, and thus a Greenhouse-Geisser correction was used. The analysis revealed a
significant main effect of pre-exposures, F(1.13, 45.0) = 66.45, p < .001, η2 = .62. Participants
were faster to respond to pictures that were pre-exposed five times (M = 984.27, 95%CI [904.19,
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1064.37]) than those pre-exposed twice (M = 1121.77, 95%CI [1023.93, 1219.61]), and faster to
respond to pictures pre-exposed twice than pictures that were not pre-exposed (M =1647.93,
95%CI [1437.13, 1858.73]). The analysis also revealed a significant interaction between valence
condition and rating type, F(2, 80) = 17.05, p < .001, η2 = .30. Participants who made
attractiveness ratings (M = 1043.22, 95%CI [864.43, 1222.02]) were faster than participants who
made repulsiveness ratings (M = 1427.44, 95%CI [1248.65, 1606.24]), and this difference was

Response Time (ms)

substantially larger for negative pictures than for neutral or positive pictures.
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Figure 2.5. Mean of median response times for participants (n=21) who made attractiveness ratings of
negative, neutral, and positive pictures that were pre-exposed zero, two, or five times. The data show that
participants responded faster to pictures that were pre-exposed five times than to picture pre-exposed twice,
and faster to pictures pre-exposed twice than to pictures that were not pre-exposed. All error bars represent
the 95% confidence interval.
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Response Time (ms)
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Figure 2.6. Mean of median response times for participants (n=21) who made repulsiveness ratings of
negative, neutral, and positive pictures that were pre-exposed zero, two, or five times. The data show that
participants responded faster to pictures that were pre-exposed five times than to picture pre-exposed twice,
and faster to pictures pre-exposed twice than to pictures that were not pre-exposed. All error bars represent
the 95% confidence interval.

2.3: Discussion
The goal of the present experiment was to investigate the MEE under controlled
experimental conditions, using a large number of stimuli that had been carefully selected. The
goal was also to clarify the mixed results in the literature and determine in a more conclusive
manner whether the MEE occurs with supraliminal stimuli. This was important to examine
because it has both theoretical and practical implications. Theoretically, the PFA assumes that
supraliminal exposures should dampen or eliminate the MEE (Bornstein & D’Agostino, 1992;
1994). Practically, investigating the MEE with supraliminal pre-exposures is much easier and
requires less control and fewer instructions than ensuring that stimuli remain subliminal.
The rating data show that participants distinguished between positive, neutral, and
negative pictures in a manner consistent with the NAPS norms. In light of this, the absence of a
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MEE in this experiment is more informative, by giving evidence that there were no manipulation
strength or measurement power issues with the stimuli or with the task.
I found no effect of pre-exposures on the attractiveness or repulsiveness ratings. This
finding is consistent with the mixed results demonstrated in previous experiments and with the
results from meta-analyses (e.g., Bornstein, 1989). To my knowledge, only one previous
experiment is comparable to Experiment 1 by its use of a large set of normed stimuli from an
independent databases, such as the NAPS. An unpublished dissertation (Aimers, 2015) used
pictures from the International Affective Picture System (Lang et al., 2008), and only found the
effect in very specific conditions. Bornstein’s (1989) meta-analysis showed that the effect may
be stronger with subliminal pre-exposures than supraliminal pre-exposures, and for this reason,
Experiments 2 and 3 investigated the MEE using subliminal pre-exposures.
The results also show that pre-exposures influenced the speed of making both
attractiveness and repulsiveness ratings. This finding, together with the absence of a MEE,
suggest that the two dependent variables in this experiment -- picture ratings and response times
-- are sensitive to different factors. The fact that participants became faster at rating the preexposed pictures demonstrates a clear practice effect due to repeatedly rating the same stimulus.
However, this benefit due to practice had no influence on participants’ perception of the picture’s
attractiveness or repulsiveness (i.e. there was no MEE), suggesting that changes in task speed do
not necessarily translate into changes in preference ratings.
The response speed data must be interpreted carefully, as fluency on the picture-rating
task, and thus it is not the same as the perceptual fluency posited by the PFA (Bornstein &
D’Agostino, 1992; 1994). Perceptual fluency is more basic; it concerns the sensory-perceptual
processes required for the mere identification of a stimulus, and typically, it is assessed by means
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of an identification task (e.g. Jacoby & Dallas, 1981). In word identification task, for example,
participants’ task is to decide whether a briefly displayed letter string is a word or a non-word.
The rating speed data shown in Figures 2.5 and 2.6 are not evidence of perceptual fluency
because the picture-rating task requires not only sensory-perceptual processing of pictures; it also
requires cognitive and motor processes for using the rating scale and responding. As a
consequence, the rating speed data from Experiment are not pertinent to the assumptions of the
PFA and HFM.
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Chapter 3: An Investigation of the Impact of Conceptual and Identity Preexposures on the MEE
Experiments 2 and 3 had the same main goals as Experiment 1: To find the MEE in
carefully controlled experiments, with large participant samples, and with a large set of carefully
normed stimuli. In view of the results from Experiment 1, and the finding from Bornstein’s
(1989) meta-analysis that the MEE tends to be larger when pre-exposures are subliminal, all preexposures in Experiments 2 and 3 were subliminal. A further goal of Experiments 2 and 3 was to
investigate the effect due to different types of pre-exposures. When a target stimulus is preexposed several times, the exact same stimulus can be used each time, as was the case in
Experiment 1. Alternatively, the stimuli used for different pre-exposure displays could all be
different individuals, but all of them could be members of the same conceptual category (e.g.,
different pictures of birthday parties). Experiments 2 and 3 compared the influence due to these
different pre-exposure types, herein identified as category and identity pre-exposures. By
contrast to Experiment 1, pre-exposures had to be arranged and delivered – for method reasons –
into homogenous sequences in Experiments 2 and 3.
Experiments 2 and 3 examined the impact of category and identity pre-exposures to
explore what kind of changes in mental representations underlie the MEE. With identity preexposures, repeated pre-exposures of an item are assumed to result in the greater integration of
the item’s mental representation, with minimal elaboration of contextual information about the
item (e.g. Mandler, 1982). With category pre-exposures, repeated pre-exposures to items from
the same category as a target item also increase the integration of a target item’s mental
representation, and ensure that this representation is associated with substantial contextual
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information. Thus, to the extent that the MEE depends on the memory availability of contextual
information about an item, I expected a larger MEE in Experiment 2 (with category preexposures) than Experiment 3 (with identity pre-exposures).
Previous research using different kinds of pre-exposures has found mixed results. For
example, Whittlesea (1993) had participants complete a category priming/semantic prediction
task, which examined the impact of one pre-exposure to a target word. This type of semantic
prediction is similar to the method used in Experiment 2, in which a pre-exposure to an item of a
particular category primed other items of that category. Participants were given a sentence to
read, in which the target word was always the last word. The target word was either semantically
predicted by the rest of the sentence (e.g., “The stormy sea tossed the BOAT”) or was not
predicted (e.g., “He saved up his money and bought a BOAT”). Participants were then presented
with the target word (e.g., “BOAT”) and asked to rate how pleasant they found the word.
Whittlesea (1993; Experiment 5) found that target sentence-completing words presented in
semantically predictive contexts were rated as more pleasant than words presented in nonpredictive contexts. Whittlesea (1993) also found that participants provided higher pleasantness
ratings to words they were previously briefly (67ms) pre-exposed to once. This is similar to the
method used in Experiment 3, in which participants were pre-exposed to the same item they were
later asked to rate. This work has been replicated and extended by Lee and Labroo (2004;
Experiment 1), who also found that target words were rated as more pleasant when semantically
related to the last word of a preceding sentence (e.g., “The woman soaked the white sweater in
some cold water” : “water”) than when not related (e.g., “The woman looked out of her window
and saw the water” : “water”). However, Lee and Labroo (2004) did not find an effect of identity
pre-exposures; target words that were pre-exposed in an unrelated context (e.g., “The woman
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looked out of her window and saw the water” : “water”) were not rated as more pleasant than
target words that were not pre-exposed. Lee and Labroo (2004; Experiments 2 and 3) further
examined the impact of semantically predictive contexts and identity pre-exposures by creating
storyboards with all possible combinations of predictive contexts and pre-exposures: 1)
predictive context; identity pre-exposure; 2) non-predictive context; identity pre-exposure; 3)
predictive context; no pre-exposure; and 4) non-predictive context; no pre-exposure. In the
predictive context conditions, Lee and Labroo (2004) pre-exposed participants to a predictive
story setting (e.g., a man walking into a bar), with the last frame of the story either containing the
target product (brand-name beer) in the identity pre-exposure condition or a generic product of
the same category (a generic mug of beer) in the no pre-exposure condition. In the non-predictive
context conditions, Lee and Labroo (2004) pre-exposed participants to a neutral story setting
(e.g., a grocery store), with the last frame of the story either containing the target product (a
particular beer) in the identity pre-exposure condition or a generic product (vitamins) in the no
pre-exposure condition. Participants were then asked to rate how much they liked each product.
Results demonstrated that participants provided significantly higher liking ratings to the target
product when it was pre-exposed than when it was not pre-exposed. Results also demonstrated
that participants provided significantly higher liking ratings to the target product in the predictive
context conditions than the non-predictive context conditions.
The mixed findings on the impact of identity pre-exposures or category pre-exposures
suggest ongoing questions for new avenues for research. This chapter includes two experiments
designed to investigate the impact of category and identity pre-exposures, and of subliminal preexposures on the MEE. These two experiments also included larger numbers of pre-exposures
compared to Experiment 1. Experiment 2 used category pre-exposures and pre-exposed
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participants to category members of the items they later rated; Experiment 3 used identity preexposures and pre-exposed participants to the same items they later rated.
3.1: Experiment 2: The Impact of Category Member Pre-exposures
3.1.1: Method
The method described here for Experiment 2 was the same method used for Experiments
3-5 and Experiment 7. I created a continuous recognition task to deliver subliminal preexposures to the stimuli, and used the same rating task as Experiment 1.
3.1.1.1: Participants and Design
The participants for this experiment were 102 undergraduate students (72 female) from
the department of Psychology at the University of British Columbia. Participants were randomly
assigned to make either attractiveness ratings (n=52) or repulsiveness ratings (n=50). Participants
received partial course credit through the Psychology Human Subject Pool for their participation
in the study, which was approved by the University of British Columbia Behavioural Research
Ethics Board.
3.1.1.2: Materials
3.1.1.2.1: NAPS Pictures
One hundred and forty four pictures were selected from the Nencki Affective Picture
System (NAPS) database (Marchewka et al., 2013). The selected pictures showed people, facial
expressions, animals, and objects. I selected pictures in groups of four pictures at a time. All four
pictures in each group were members from the same category (e.g., each showed a bicycle or
each showed a person smoking; see Figure 3.1 for an example). One picture in each group of
four was randomly assigned to be the target picture, and the other three were randomly assigned
to be pre-exposure pictures. Of the selected pictures, 96 (24 groups of four) were neutral (mean
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rating from the NAPS database = 4.67 on a 9-point scale from 1=very negative to 9=very
positive) and 48 (12 groups of four) were negative (mean rating = 2.58). Each picture was saved
as a 480 by 360 pixel .jpeg file; the pictures were either in portrait or landscape mode (longer
side being 480 pixels).

Figure 3.1. Examples of one group of four neutral NAPS pictures from the same category. For this set, the
three pictures on the left were pre-exposure pictures. The picture on the right was the target picture.

3.1.1.2.2: Noise Mask
I used an in-house black-and-white noise mask, as shown in Figure 3.3, to ensure that the
pre-exposures remained subliminal, by removing any perceptual after-effects. The noise mask
was 498 by 498 pixels.
3.1.1.2.3: Continuous Recognition Task Celebrity Photos
One hundred and eighty photos were required for the continuous recognition task. I
selected these photos from the Google images database for pictures of celebrities using the
keywords: famous people; famous pop singer; famous politicians; famous actor; famous actress.
I selected photos that displayed the face and upper body of a celebrity, and randomly selected
until I had 180 photos of 90 unique celebrities. For 30 of these celebrities, the 180 photo set
included only one photo; for 30 celebrities, the set included two different photos of the same
person; and for the final 30 celebrities, the set included three different photos of the same person
(see Figure 3.2 for examples). Each photo was saved as a 480 by 360 pixel .jpeg file; the photos
were either in portrait or landscape mode (longer side being 480 pixels).
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Figure 3.2. Examples of three celebrity photos of the same celebrity used for the CR task.

3.1.1.3: Procedure
Participants were tested individually in a quiet room, equipped with a desktop computer
running E-Prime V2.0 (Psychology Software Tools, 2012). The experiment had two tasks: 1) A
continuous recognition (CR) task and 2) A picture rating task.
3.1.1.3.1: Continuous Recognition (CR) Task
The CR task was designed for the purpose of delivering subliminal displays of NAPS
pictures, at a screen location where participants’ attention was focused, in a fun, measurable, and
minimally cognitively demanding way. The CR task required determining whether a specific
photo had been displayed previously. The CR task had 246 trials, with each consisting of: a
fixation cross, one or more picture pre-exposure sub-trials, and a celebrity photo. The first part of
each trial consisted of the display of a fixation cross, for a randomly assigned duration of 250,
750, or 1250ms, to guard against anticipatory responding. The fixation-cross display was
intended to draw participants’ attention to the center of the screen, where all event-displays were
centered. On the display screen, the fixation cross measured 3 cm by 3 cm. The second part – the
pre-exposure sub-trial – will be described below. The third part consisted of one celebrity photo,
and “<-Yes” and “No ->” displayed at the bottom of the screen (shown in Figure 3.3 below). On
the display screen, the celebrity photos measured between 14.5 cm by 11 cm and 19 cm by 13.5
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cm. The text at the bottom of the screen was written in 28-point Tahoma font, measuring 1cm
high on the screen.
Instructions for the CR task stated: “For this task, you will see photos of celebrities, one
at a time. Some of the photos will be repeated. Your task is to pay attention to each photo as it
appears and indicate whether you think you have seen this exact photo before in this experiment.
Please use the left arrow key to indicate ‘Yes, I have seen this photo before’ and the right arrow
to indicate ‘No, I have not seen this photo before.’ Please only use the left arrow key to indicate
yes if you have seen this exact photo before, not simply any photo of this person.” The
instructions emphasized that the participant was to “do this task to the best of your ability, but
also try to do it fairly quickly. Please keep both speed and accuracy in mind as you do the task.”
Each celebrity photo remained on the screen until the participant made a recognition decision.
Participants received feedback in the form of an auditory beep (i.e., a relatively soft 300ms pure
tone) if they made an incorrect decision.
The 246 CR task trials included the 180 photos of 90 unique celebrities. Trials included
one photo per person for a subset of 30 celebrities, two different photos of the same person for a
subset of 30 celebrities, and three different photos of the same person for a subset of 30
celebrities. Including multiple photos of the same person made the task more difficult and
engaging. Of the 246 trials, 66 were repeated photos, (22 each of celebrities with one photo, two
photos, or three photos in the set). In order to keep the task engaging, the lag between the first
and second trial of the repeated photos varied. Of the 66 repeated photos, the second trial of each
of 22 photos was repeated five photos after the first, 22 were repeated ten photos later, and 22
were repeated fifteen photos later.
3.1.1.3.1.1: Pre-exposure Sub-trial
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The experiment had one within-subjects factor: the number of pre-exposures (0, 3, 9, or
15 pre-exposures). Each pre-exposure was delivered via a sub-trial consisting of 7 events,
starting with the display of a mask, then alternating between picture and mask displays, and
ending with a display of a mask, as shown in Figure 3.3. The pre- and post- masks each stayed
on the screen for 100ms. On the display screen, the mask measured 17 cm by 17 cm. The second,
fourth, and sixth display consisted of one pre-exposure NAPS picture from the same picture
group, each displayed for 15ms1. On the display screen, the pictures measured 14.5 cm by 11 cm.
The brief duration of the picture displays and the pre- and post-masks were designed to ensure
that the presentation of the pictures remained subliminal – i.e., that participants would not be
consciously perceiving the picture.

1

The pre-exposure duration of 15ms was chosen for several theoretical and practical reasons

discussed in the General Discussion. Computer refresh rate and program output data for the
current experiment confirmed that each pre-exposure was displayed for 14-16ms. Postexperimental interviews confirmed that participants did see something on the screen during preexposures, but could not accurately identify what they saw.
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Figure 3.3. Example of one CR task trial. Each trial included: a fixation cross; a pre-exposure sub-trial, with
masks before and after each picture; and an old/new judgement of a celebrity photo. In Experiment 2, the
three pre-exposure pictures were different pictures from the same category; in Experiment 3, the three preexposure pictures were the same picture.

The pre-exposures consisted of 243 displays. For the zero pre-exposures condition, the
NAPS displays were replaced with noise masks. For the three pre-exposures condition, the preexposure pictures from each group were pre-exposed once each, for a total of 3 displays. For the
nine pre-exposures condition, the pre-exposure pictures from each group were pre-exposed three
times each, for a total of 9 displays. For the fifteen pre-exposures condition, the pre-exposure
pictures from each group were pre-exposed five times each, for a total of 15 displays. The preexposure pictures from six neutral picture groups and three negative picture groups were preexposed for the three exposures condition (for a total of 27 displays of 27 unique pictures), the
pre-exposure pictures from six neutral picture groups and three negative picture groups were pre56

exposed for the nine exposures condition (for a total of 81 displays of 27 unique pictures), and
pre-exposure pictures from six neutral picture groups and three negative picture groups were preexposed for the fifteen exposures condition (for a total of 135 displays of 27 unique pictures).
Participants were not given any instructions regarding the pre-exposure sub trials. If asked about
them, the experimenter stated that “the flashes you may see before a celebrity photo are designed
to break up the CR task.
I created four different versions of the experimental program to ensure counterbalancing.
I used a Latin square design to ensure that each group of four pictures from each valence
condition was pre-exposed zero times in one version, three times in one version, nine times in
one version, and fifteen times in one version. Each of these four programs was then duplicated; I
created one version with the attractiveness scale, and one version with the repulsiveness scale,
for a total of eight unique programs. Participants were randomly assigned to complete one of the
eight versions. Each participant saw both picture types (negative and neutral) at all four preexposures (0, 3, 9, and 15 pre-exposures).
3.1.1.3.2: Picture Rating Task
The picture rating task was interspersed with the CR task, and included the critical
dependent variable pertaining to the MEE. The rating task had 36 trials, each consisting of the
two parts in Figure 3.4: A fixation cross display, for drawing participants’ attention to the screen
center where all displays were located, followed by a NAPS target picture display. To guard
against anticipatory responses, the fixation cross was displayed for a randomly assigned duration
of 250, 750, or 1250 ms. Immediately after the fixation cross, a NAPS target picture was shown,
together with a question, and an attractive or repulsive rating scale, as arranged in Figure 3.4.
The question asked “How [attractive/repulsive] is this picture?” and the 8-point rating scale had
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endpoints labeled “Not [attractive/repulsive] at all” (1) and “Extremely [attractive/repulsive]”
(8). On the display screen, the pictures measured 14.5 cm by 11 cm. The text at the bottom of the
screen was written in 28-point Tahoma font, measuring 1 cm high on the screen.
Each display included a picture, question, and scale that appeared simultaneously, and
remained on the screen until the participant responded. Upon participant response, the display
disappeared, and the next trial began. The participant used the number keys 1-8 on a standard
keyboard to provide their rating.

How attractive?
1

2

3

4

5

6

7

8

Figure 3.4. An example of the rating task display.

3.1.1.3.3: Experiment Flow
Participants were tested individually in the lab. Each participant provided written consent
at the beginning of the experiment. Participants were provided with spoken instructions as well
as written instructions on the screen, and were instructed for both tasks of the experiment (i.e.,
the CR task and the rating task) at the beginning of the experiment. Participants were then given
ten practice displays of just the CR task, after which they were provided an opportunity to ask
further questions. Instructions to complete the task as quickly and accurately as possible were
repeated, and participants were encouraged to pay attention to the task.
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Participants then completed the CR and picture rating tasks. Participants saw all preexposures of all pre-exposure pictures for each picture group followed by one trial of the picture
rating task for the corresponding target picture, as shown in Figure 4. For the zero and three preexposures condition, participants completed one pre-exposure sub-trial, followed by one picture
rating task trial. For the nine pre-exposures condition, participants completed three pre-exposure
sub-trials, followed by one picture rating task trial. For the fifteen pre-exposures condition,
participants completed five pre-exposure sub-trials, followed by one picture rating task trial.
Participants were given a brief break halfway through the experiment, for as long as desired,
before continuing with the second half.
At the end of the experiment, participants were interviewed about the study, and were
asked a series of progressively narrower questions for insight into their experience of the
experiment. Included in this post-experiment interview were questions about whether
participants noticed the “flashes” (i.e., the subliminal displays of the pre-exposure pictures), what
they noticed about them, and whether they made any connection between the subliminal flashes
and the rest of the experiment. Participants were then provided with a spoken and written
debriefing about study design and variables, thanked for their participation, and given an
opportunity to ask questions. Each session lasted approximately 45 minutes.
3.1.2: Results and Discussion
3.1.2.1: Data Preparation
For this and future experiments, I examined the end-of experiment interview to ensure
that none of the participants made any meaningful connection between the pre-exposures and the
picture rating task, or had any conscious awareness of the content of the pre-exposed pictures.
No participants in Experiment 2 met these criteria. This finding suggests that the masks placed
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immediately before and after each picture were effective, and that the pre-exposures were
subliminal.
For this and future experiments, I also examined each participant’s mean attractiveness or
repulsiveness ratings and median response times in each condition (i.e., at each exposure by each
valence) to determine whether they were completing the task as expected. I removed any
participants whose mean ratings were more than three standard deviations away from the mean
of mean ratings, and any participants whose median response times were more than three
standard deviations away from the mean of median response time for all participants in at least
one condition. Three participants’ mean ratings were over three standard deviations away from
the mean, and six participants’ median response times were over three standard deviations away
from the mean, and the data of these participants were excluded from final analyses.
For this and future experiments, I also examined each participant’s mean accuracy on the
CR task, and removed participants with a mean performance below 90%. Two participants’
means were below 90% (M = 85%, 79%), and the data from these participants were excluded
from final analyses. The data from 91 participants (68 female; 46 who made attractive ratings, 45
who made repulsiveness ratings) remained for use in the analyses reported below.
3.1.2.2: CR Task Performance
Overall, performance on the CR task was very high (M = 96% correct, SD = 0.02), with
an average response time in line with previous research (M = 938.29, SD = 328.88) (e.g.,
Friedman, 1990; Hockley, 1982). The very high performance and rapid response times indicate
that the CR task achieved its intended purposes: 1) it was easy enough for participants to
complete without depleting cognitive resources, and 2) participants remained focused on the
screen while the yearbook portraits were pre-exposed in between trials of the CR task.
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3.1.2.3: Rating Results
Participants’ ratings of the pictures are shown in Figures 3.5 and 3.6; Figure 3.5 shows
mean ratings for participants who made attractiveness ratings and Figure 3.6 shows mean ratings
for participants who made repulsiveness ratings. The data indicate that participants made
different attractiveness or repulsiveness ratings to pictures of different valence conditions.
However, the data indicate that participants provided very similar attractiveness or repulsiveness
ratings to pictures of the same valence condition regardless of number of pre-exposures.
These observations are supported by the results of a mixed ANOVA, with valence
condition (neutral, negative), and number of pre-exposures (0, 3, 9, 15) as within-subjects
variables, and rating type (attractiveness or repulsiveness) as a between-subjects variable. The
analysis revealed a significant effect of valence condition, F(1, 89) = 51.91, p < .001, η2= .37,
and a significant main effect of rating type F(1, 89) = 67.86, p < .001, η2= .43. These main
effects were qualified by a significant interaction between valence condition and rating type, F(1,
89) = 351.77, p < .001, η2= .80. Participants who made attractiveness ratings rated neutral
pictures (M = 2.65, 95%CI [2.35, 2.94]) significantly more attractive than negative pictures (M =
1.72, 95%CI [1.36, 2.07]), p<.001. Participants who made repulsiveness ratings rated neutral
pictures (M = 2.94, 95%CI [2.65, 3.23]) significantly less repulsive than negative pictures (M =
5.03, 95%CI [4.67, 5.39]), p<.001. The critical analyses examining a main effect due to preexposures, F(3, 267) = .24, p = .87, and the interaction of pre-exposures and rating type, F(3,
267) = .97, p = .41, were not significant. No other significant effects were found.
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Figure 3.5. Mean attractiveness ratings of negative and neutral pictures that were pre-exposed zero, three,
nine, or fifteen times. The data show that participants (n=46) rated neutral pictures more attractive than
negative pictures. All error bars represent the 95% confidence interval.
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Figure 3.6. Mean repulsiveness ratings of negative and neutral pictures that were pre-exposed zero, three,
nine, or fifteen times. The data show that participants (n=45) rated negative pictures more repulsive than
neutral pictures. All error bars represent the 95% confidence interval.
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3.1.2.4: Response Times
Participants’ rating response times are shown in Figures 3.7 and 3.8; Figure 3.7 shows the
mean of median response times for participants who made attractiveness ratings and Figure 3.8
shows the mean of median response times for participants who made repulsiveness ratings. The
data indicate that participants were faster to make attractiveness ratings for negative pictures and
faster to make repulsiveness ratings for neutral pictures.
These observations are supported by the results of a mixed ANOVA, with valence
condition (neutral, negative), and number of pre-exposures (0, 3, 9, 15) as within-subjects
variables, and rating type (attractiveness or repulsiveness) as a between-subjects variable. The
analysis revealed a significant main effect of rating type F(1, 89) = 8.78, p < .001, η2= .09. The
main effect of rating type was qualified by a significant interaction between valence condition
and rating type, F(1, 89) = 21.32, p < .001, η2= .19. Participants who made attractiveness ratings
rated negative pictures (M = 2114.20, 95%CI [1894.15, 2334.44]) significantly faster than
neutral pictures (M = 2465.63, 95%CI [2240.02, 2691.23]), p<.001. Participants who made
repulsiveness ratings rated neutral pictures (M = 2626.01, 95%CI [2397.91, 2854.11])
significantly faster than negative pictures (M = 2829.57, 95%CI [2606.99, 3052.15]), p=.02. No
other significant effects were found; there was no main effect due to pre-exposures, no
interaction of pre-exposures and rating type, no interaction of pre-exposures and valence
condition, and no interaction of pre-exposures, valence condition and rating type.
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Figure 3.7. Mean of median response times for participants (n=46) who made attractiveness ratings of
negative and neutral pictures that were pre-exposed zero, three, nine, or fifteen times. The data show that
participants’ response times were similar across all pre-exposures. All error bars represent the 95%
confidence interval.
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Figure 3.8. Mean of median response times for participants (n=45) who made repulsiveness ratings of
negative and neutral pictures that were pre-exposed zero, three, nine, or fifteen times. The data show that
participants’ response times were similar across all pre-exposures. All error bars represent the 95%
confidence interval.
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3.1.2.5: Preliminary Discussion
As with Experiment 1, the results of Experiment 2 provide no evidence of a MEE. The
results show that participants distinguished between negative and neutral stimuli on both scales
as expected, and in line with the normative NAPS database data (Marchewka et al., 2013). We
can conclude that the rating scales worked as intended. The results also show that participants
rated negative pictures faster than neutral pictures on the attractiveness scale, and rated neutral
pictures faster than negative pictures on the repulsiveness scale, while the neutral pictures were
rated equally fast on both the attractiveness and the repulsiveness scale (approximately 2500ms).
One potential explanation for why the response times for negative stimuli are different
between the two rating scale conditions has to do with picture discriminability (e.g., Tajfel,
1959). It is likely that when the rating task focused on repulsiveness (i.e., when asked: How
repulsive is this picture?), this engendered making finer discrimination among pictures in the
‘ingroup’ (i.e., the negative pictures), and thus responding was slower. Outgroup pictures, those
further away from the primed rating scale dimension (i.e., the negative pictures on the positive
rating scale, and the neutral pictures on either scale), are discriminated less carefully or deeply,
and responding is faster. Differences in responding to ingroup and outgroup members are
familiar from other research domains (e.g. Howard & Rothbart, 1980).
A potential explanation for the null MEE has to do with the nature of the stimuli used for
pre-exposures in Experiment 2. For example, it is possible that subliminal pre-exposures resulted
in a null effect. However, past research (e.g., Kunst-Wilson & Zajonc, 1980) and meta-analyses
(e.g., Bornstein, 1989) have demonstrated that strong MEEs can be elicited with subliminal preexposures; in fact, these effects are often stronger than with supraliminal pre-exposures. Pilot
testing in the current study ensured that pre-exposures were displayed for the expected duration
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of time, and that participants reported perceiving the pictures (see the General Discussion for
further discussion on duration of subliminal pre-exposures). It is also possible that using category
pre-exposures instead of identity pre-exposures results in a null effect. However, past research
(e.g., Lee & Labroo, 2004; Whittlesea, 1993) has demonstrated that conceptual pre-exposures do
elicit MEEs. In order to further explore the impact of different types of pre-exposures,
Experiment 3 used identity pre-exposures.
3.2: Experiment 3: The Impact of Identity Pre-exposures
3.2.1: Method
Experiment 3 was completed concurrently with Experiment 2. The method for
Experiment 3 is very similar to that of Experiment 2, using the same CR task to pre-expose
stimuli subliminally. There is one main difference between Experiment 2 and this experiment. In
Experiment 2, participants were pre-exposed to similar stimuli (i.e., from the same category) to
the stimuli they rated. In this experiment, participants were pre-exposed to the same stimuli they
later rated.
3.2.1.1: Participants and Design
The participants were 96 undergraduate students (73 female) from the department of
Psychology at the University of British Columbia. Participants were randomly assigned to make
either attractiveness ratings (n=48) or repulsiveness ratings (n=48). Participants received partial
course credit through the Psychology Human Subject Pool for their participation in the study,
which was approved by the University of British Columbia Behavioural Research Ethics Board.
3.2.1.2: Materials
The NAPS pictures used in this experiment were the 36 target pictures used in
Experiment 2. The selected pictures showed people, facial expressions, animals, and objects. Of
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the selected pictures, 24 were neutral (mean rating = 4.71 on a 9-point scale) and 12 were
negative (mean rating = 2.61). Each picture was saved as a 480 by 360 pixel .jpeg file; the
pictures were either in portrait or landscape mode (longer side being 480 pixels).
I used the same black-and-white noise mask from Experiment 2, to ensure that the preexposures remained subliminal. I used the same CR task celebrity photos as Experiment 2.
3.2.1.3: Procedure
Participants were tested individually in a quiet room, equipped with a desktop computer
running E-Prime V2.0 (Psychology Software Tools, 2012). The experiment had two tasks: 1) A
continuous recognition (CR) task and 2) A picture rating task. Both tasks were interspersed
during the experiment.
The CR task in this experiment was the same as that used for Experiment 2. The only
difference in the CR task between Experiment 2 and the current experiment was in the preexposure sub-trial.
The experiment had one within-subjects factor: the number of pre-exposures for each
picture group (0, 3, 9, or 15 pre-exposures). Each pre-exposure was delivered via a sub-trial
consisting of 7 events, starting with a display of a mask, alternating picture and mask displays for
a total of three pictures, and ending with a display of a mask. In the current experiment, the
second, fourth, and sixth display consisted of the same NAPS picture.
The pre-exposures consisted of 243 displays. For the zero pre-exposures condition, the
NAPS displays were replaced with noise masks. For the three, nine, and fifteens pre-exposures
conditions, the same NAPS pictures were pre-exposed three times, nine times, and fifteen times
respectively. Six neutral pictures and three negative pictures were pre-exposed for the three
exposures condition (for a total of 27 displays of 9 unique pictures), six neutral pictures and three
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negative pictures were pre-exposed for the nine exposures condition (for a total of 81 displays of
9 unique pictures), and six neutral pictures and three negative pictures were pre-exposed for the
fifteen exposures condition (for a total of 135 displays of 9 unique pictures).
I created four different versions of the experimental program to ensure counterbalancing.
I used a Latin square design to ensure that each picture was pre-exposed zero times in one
version, three times in one version, nine times in one version, and fifteen times in one version.
Each of these four programs was then duplicated; I created one version with the attractiveness
scale, and one version with the repulsiveness scale, for a total of eight unique programs.
Participants were randomly assigned to complete one of the eight versions. Each participant saw
both picture types (negative and neutral) at all four pre-exposures (0, 3, 9, and 15 pre-exposures).
The procedure was exactly the same for each version.
The picture rating task was identical to Experiment 2, and was also interspersed with the
CR task. The experiment flow was also identical to Experiment 2.
3.2.2: Results
All picture rating analyses below were performed on the mean rating for the last
presentation of each picture. Because response times are positively skewed, I used each
participant’s median response time in the analyses.
3.2.2.1: Data Preparation
The end-of experiment interview did not reveal any participants who made any
meaningful connection between the pre-exposures and rating task, or perceived the pictures
during the CR task. Four participants’ median response times were over three standard deviations
away from the mean of the median response times for all participants in at least one condition,
and the data of these participants were therefore excluded from final analyses. One participant’s
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mean was below 90% (M = 61%), and the data from this participant were excluded from final
analyses. The data from 91 participants (68 female; 47 made attractive ratings, 44 made
repulsiveness ratings) remained for use in the analyses reported below.
3.2.2.2: CR Task Performance
Overall, performance on the CR task was very high (M = 96% correct, SD = 0.02), with
an average response time in line with CR tasks from the literature (M = 926.12, SD = 188.44).
Once again, these data indicate that the CR task achieved its intended purposes.
3.2.2.3: Rating Results
Participants’ ratings of the pictures are shown in Figures 3.9 and 3.10; Figure 3.9 shows
mean ratings for participants who made attractiveness ratings and Figure 3.10 shows mean
ratings for participants who made repulsiveness ratings. The data indicate that participants made
different attractiveness or repulsiveness ratings to pictures in different valence conditions.
Participants rated neutral pictures as more attractive and less repulsive than negative pictures.
These data are the same as Experiments 1 and 2. However, the data indicate that participants
provided very similar attractiveness or repulsiveness ratings to pictures of the same valence
condition regardless of number of pre-exposures.
These observations are supported by the results of a mixed ANOVA, with valence
condition (neutral, negative), and number of pre-exposures (0, 3, 9, 15) as within-subjects
variables, and rating type (attractiveness or repulsiveness) as a between-subjects variable. The
analysis revealed a significant main effect of valence condition F(1, 89) = 31.98, p < .001, η2=
.26, and a significant main effect of rating type F(1, 89) = 111.29, p < .001, η2= .56. These main
effects were qualified by a significant interaction between valence condition and rating type, F(1,
89) = 400.25, p < .001, η2= .82. Participants who made attractiveness ratings rated neutral
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pictures (M = 2.68, 95%CI [2.38, 2.98]) significantly more attractive than negative pictures (M =
1.59, 95%CI [1.31, 1.87]), p<.001. Participants who made repulsiveness ratings rated neutral
pictures (M = 3.23, 95%CI [2.92, 3.54]) significantly less repulsive than negative pictures (M =
5.18, 95%CI [4.89, 5.47]), p<.001. The critical analyses examining a main effect due to preexposures, F(3, 267) = .85, p = .47, and the interaction of pre-exposures and rating type, F(3,
267) = .49, p = .69, were not significant. No other significant effects were found.
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Repulsiveness Rating (1-8)

Figure 3.9. Mean attractiveness ratings of negative and neutral pictures that were pre-exposed zero, three,
nine, or fifteen times. The data show that participants (n=47) rated neutral pictures more attractive than
negative pictures. All error bars represent the 95% confidence interval.
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Figure 3.10. Mean repulsiveness ratings of negative and neutral pictures that were pre-exposed zero, three,
nine, or fifteen times. The data show that participants (n=44) rated neutral pictures more attractive than
negative pictures. All error bars represent the 95% confidence interval.
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3.2.2.4: Response Times
Participants’ rating response times are shown in Figures 3.11 and 3.12; Figure 3.11 shows
the mean of median response times for participants who made attractiveness ratings and Figure
3.12 shows the mean of median response times for participants who made repulsiveness ratings.
The data indicate that participants were faster to make attractiveness and repulsiveness ratings to
pictures that were not pre-exposed.
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Figure 3.11. Mean of median response times for participants (n=47) who made attractiveness ratings of
negative and neutral pictures that were pre-exposed zero, three, nine, or fifteen times. The data show that
participants responded faster to negative pictures than neutral pictures and that participants responded
faster to pictures that were not pre-exposed. All error bars represent the 95% confidence interval.

These observations are supported by the results of a mixed ANOVA, with valence
condition (neutral, negative), and number of pre-exposures (0, 3, 9, 15) as within-subjects
variables, and rating type (attractiveness or repulsiveness) as a between-subjects variable. The
analysis revealed a significant main effect of pre-exposures F(3, 267) = 5.33, p < .001, η2= .06.
72

Participants were slower to respond to pictures that were pre-exposed three times, (M = 2782.01,
95%CI [2599.81, 2964.20]), nine times (M = 2867.78, 95%CI [2683.65, 3051.91]), and fifteen
times (M = 2823.65, 95%CI [2631.83, 3015.47]) than pictures that were not pre-exposed (M =
2625.55, 95%CI [2454.53, 2796.56]).
The analysis also revealed a significant main effect of rating type F(1, 89) = 20.48, p <
.001, η2= .19. The main effect of rating type was qualified by a significant interaction between
valence condition and rating type, F(1, 89) = 23.11, p < .001, η2= .21. Participants who made
attractiveness ratings rated negative pictures significantly faster (M = 2241.61, 95%CI [2009.03,
2474.19]) than neutral pictures (M = 2557.87, 95%CI [2308.80, 2806.93]), p<.001. Participants
who made repulsiveness ratings rated neutral pictures significantly faster (M = 3046.55, 95%CI
[2789.13, 3303.96]) than negative pictures (M = 3252.96, 95%CI [3012.58, 3493.34]), p=.01.
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Figure 3.12. Mean of median response times for participants (n=44) who made repulsiveness ratings of
negative and neutral pictures that were pre-exposed zero, three, nine, or fifteen times. The data show that
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participants responded faster to negative pictures than neutral pictures and that participants responded
faster to pictures that were not pre-exposed. All error bars represent the 95% confidence interval.

3.3: Discussion
The goal of the two experiments reported in this chapter was to investigate the MEE with
subliminal pre-exposures, with identity and category pre-exposures, with experimental
manipulations and controls that have been shown to produce a large MEE. Both experiments
showed that: 1) participants made significantly different attractiveness and repulsiveness ratings
for neutral and negative pictures; 2) participants rated negative pictures more slowly on the
repulsiveness scale and faster on the attractiveness scale, and; 3) there was no evidence of any
influences on ratings due to the pre-exposure manipulations.
The picture rating data from Experiments 2 and 3 permit speculation about the cognitive
set participants used for this task. Both experiments reliably found that participants differentiated
between negative and neutral stimuli, as expected in line with norms from the NAPS database.
The results of both Experiments 2 and 3 demonstrated that participants anchored neutral stimuli
around 3 out of 8 on both attractiveness and repulsiveness scales. Negative stimuli were rated at
approximately 1.5 on the attractiveness scale, and approximately 5 on the repulsiveness scale,
resulting in a much larger gap between negative and neutral stimuli on repulsiveness scales. One
reason for this finding may be a functional floor effect in the way that participants used the scale.
Therefore, when making attractiveness ratings on negative stimuli, there was very little room to
move down on the scale, whereas when making repulsiveness ratings, there is much more room
to move up on the scale. It is possible that the pictures used in these two experiments were not
particularly interesting, modern, or exciting to participants.
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Response time results for Experiment 3 also demonstrated that participants were faster to
respond to pictures that were not pre-exposed. One potential explanation for these data is that
repeated pre-exposures may make stimuli more familiar. As a result, participants may have
slightly more information about each stimulus and may be more curious or relaxed, and
therefore, take longer to respond to it.
No effect of pre-exposures was found on participants’ ratings. After finding no MEE in
Experiment 1, I made methodological changes to Experiments 2 and 3 that were intended to
elicit a larger MEE. I increased the number of pre-exposures (from 0, 2, and 5, to 0, 3, 9, and 15),
and pre-exposed stimuli subliminally. Past research and meta-analyses have shown these
methods to elicit large MEEs (e.g., Bornstein, 1989). I used more stimuli and larger samples than
many previous studies, and examined the MEE under tightly controlled experimental conditions.
Nevertheless, I did not find evidence of a MEE in these two studies. It is possible that other
presentation or measurement variables impacted the ability to find a MEE. For example,
Experiments 2 and 3 used homogeneous presentations because this was necessary in order to preexpose category members. All three experiments thus far used larger numbers of complex,
colourful stimuli than most previous research, in a more complex display method with an
ongoing task, presented at a fairly large visual angle on the screen. The null effects found in all
three experiments led me to significantly pivot my dissertation work in Experiments 4 and 5.
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Chapter 4: Conceptual Replication of Studies with Strong Evidence for the
MEE
The MEE is assumed to be a relatively robust finding, which occurs with different
stimuli, with subliminal and supraliminal stimuli, with different numbers of pre-exposures and
different pre-exposure duration, with homogeneous or heterogeneous pre-exposure sequences.
However, this widespread assumption is seriously challenged by the results of the experiments
reported in Chapters 2 and 3. Three laboratory experiments that were carefully controlled,
powerful, and sensitive showed no evidence of a MEE. This is despite the fact that the number of
participants per experiment was larger than the majority of previous investigations on the MEE,
that each experiment used a large number of carefully normed stimuli, and that each experiment
assessed the effects of pre-exposures with scales (e.g., liking, attractiveness, repulsiveness) that
were commonly used for this purpose. In view of this status quo, and in view of the main goal of
my dissertation which depended on finding and documenting a MEE, I was forced to pivot my
work and to return back to basics.
The two studies reported in this chapter represent a major turning point in my dissertation
work. Experiments 1-3 were completed using methods informed by previous research on the
MEE, under the assumption that the MEE is a fairly common effect. In order to proceed with my
dissertation goals of testing the underlying assumptions of the PFA and the HFM, it was
necessary to first reliably produce a MEE. Therefore, the goal of the two experiments in the
present chapter was to document evidence of the MEE. For this purpose, I conceptually
replicated methods that have been successful in producing large MEEs (Bornstein &

76

D’Agostino, 1992; Harmon-Jones & Allen, 2001), expecting that these methods should produce
an effect.
Although the MEE is often discussed as a ubiquitous effect, this does not seem to be the
case. First, some newer studies have failed to replicate the MEE. For example, Fox and Burns
(1993) found no evidence of the MEE in two of their three studies. A recent unpublished
dissertation (Aimers, 2015) also failed to replicate the MEE across two studies, except in two
specific conditions (using negative, high arousal images, or positive, high arousal images, only
for high sensation-seeking participants). Second, there may be a file-drawer problem for studies
of the MEE, in which null effects are not written up and disseminated. At this point, I considered
whether: 1) The MEE may not be the right vehicle to investigate holistic preference decision
making; and/or 2) The MEE may occur less commonly than is assumed, and only occurs under
specific conditions. In order to clarify the latter, I carefully reviewed the literature.
I became increasingly aware of the critical methodological details missing from many studies
done on the MEE. As a result, it became necessary to return to basics, and to complete a close
conceptual replication of newer studies with strong evidence for the effect, and thorough,
detailed methods. I selected two methods that seemed promising and provided sufficient
methodological details for close replication (Bornstein & D’Agostino, 1992; Harmon-Jones &
Allen, 2001). I selected Bornstein and D’Agostino (1992) because they demonstrated a large
MEE with both black-and-white yearbook portraits and polygons at repeated (0, 1, 5, 10, 20)
subliminal 5ms pre-exposures; both these stimulus types also showed promising large effect
sizes in Bornstein’s (1989) meta-analysis. I selected Harmon-Jones and Allen (2001) because
they also demonstrated a large MEE with yearbook portraits with five 98ms pre-exposures, and
provided critical methodological details missing from many previous studies.
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I considered a number of potential methodological factors, including stimulus variables
such as the size, complexity, and similarity of stimuli in a set; presentation variables such as
delay between pre-exposures and rating; and measurement variables such as type of scale.
However, the methods used in Experiments 1-3 did use various presentation and measurement
methodologies and conceptually replicated the methods typically reported in the literature. This
led me to home in on stimulus variables.
One potential important factor that is reported in some more recent studies (e.g., HarmonJones & Allen, 2001) – but is missing from much of the literature – is precise visual angle. The
visual angle of the stimuli in Experiments 1-3 was fairly large – approximately 9 degrees.
Experiments 4-5, included in this chapter, used the same visual angle as one of the studies being
replicated – approximately 4 degrees (Harmon-Jones & Allen, 2001).
The pre-exposure durations of 15ms used in these experiments did not allow for visual
saccades (which take approximately 200-250ms), making it critical to consider the role of
attention. Research from the attention literature has demonstrated that: 1) there is a limit to the
amount of information that the attentional system can take in at any given time and 2) attentional
scope – i.e., how broad or narrow an area of the visual field one can attend to – can vary (e.g.,
Eriksen & St. James, 1986; Posner, 1980). For example, Fredrickson (2001) asserted that
positively valenced materials induce positive affect, which broadens the scope of attention, and
negatively valenced materials induce negative affect, which narrows the scope of attention. Preexposing stimuli at a smaller visual angle, in a location where participants were attending,
ensured that the participant’s visual system could process the whole stimulus regardless of
attentional scope.
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As the goal was to find a MEE, Experiments 4 and 5 were completed concurrently, using
the same method with different stimuli – Experiment 4 used yearbook photos, and Experiment 5
used polygons. After running both experiments with approximately 50 participants, I selected the
experiment that seemed most promising (Experiment 4) and continued with that one to establish
the effect.
4.1: Experiment 4 Method
The overall method of Experiment 4 was similar to that of Experiments 2 and 3. The
critical difference is that this experiment used yearbook photos instead of NAPS stimuli, and that
these stimuli were presented at a much smaller visual angle.
4.1.1: Participants
130 undergraduate students (86 female) from the department of Psychology at the
University of British Columbia participated in this experiment. They received partial course
credit for their participation in the study, which was approved by the University of British
Columbia Behavioural Research Ethics Board. Each participant provided written consent at the
beginning of the experiment.
4.1.2: Materials
4.1.2.1: Yearbook Portraits
Two hundred portraits were selected from an online database of American yearbook
portraits (http://people.eecs.berkeley.edu/~shiry/projects/yearbooks/yearbooks.html ; Ginosar et
al., 2015). The database includes 37,921 frontal-facing black-and-white portraits of American
high school seniors, from the years 1905 to 2013 (see Figure 4.1a for an example). From this
database, I selected 200 portraits of female students from the years 2008 to 2013; I chose the
most recent 5 years in the database because of their higher image quality and consistency in
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clothing. I selected only female portraits to avoid possible influences of gender. Within these
limits, selection was random from among all portraits in the database. The selected portraits were
shoulder shots, showing the head and shoulders of each student, from various ethnicities
(European, South American, Asian, African), each wearing a black graduation gown collar. Each
portrait was saved as a 360 by 480 pixel .jpeg file, in portrait mode.
4.1.2.2.: Portrait Mask
I created three unique black-and-white masks (see Figure 4.1 for an example), to limit
sensory/perceptual processing beyond brief pre-exposures, in an effort to keep portrait preexposures subliminal. To create the masks, I extracted random segments from 15 portraits not
used anywhere else in the study. I used the lasso tool for this purpose, selecting organic shapes
capturing a portion of each portrait and randomly combining them to create a picture which was
used as a mask. Each mask was saved as a 170 by 145 pixel .jpeg file, in portrait mode.

Figure 4.1. An example of a yearbook portrait (left) and a mask (right).

4.1.3: Procedure
Participants were tested individually in a quiet room, equipped with a desktop computer
running E-Prime V2.0 (Psychology Software Tools, 2012). The experiment had two parts: a
continuous recognition (CR) task and a portrait rating task. Unlike Experiments 2 and 3, where
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these tasks were interspersed, in this present experiment, participants completed all trials of the
CR task first, followed by all trials of the portrait rating task.
I created three different versions of the experimental program. I randomly selected
yearbook portraits from the set of 200 until I had three unique subsets of 40 portraits each. With
three versions, each using a unique set of 40 portraits, I was able to obtain data about a larger set
of 120 portraits. The procedure was exactly the same for each version.
4.1.3.1: Continuous Recognition (CR) Task
The CR task in this experiment was the same as that used for Experiment 2 and 3. The
CR task was designed to deliver subliminal displays of pictures, at a screen location where
participants’ attention was focused, in a fun, measurable, and minimally cognitively demanding
way. The only difference in the CR task between Experiments 2 and 3 and the current
experiment was in the pre-exposure sub-trials, outlined below.
4.1.3.1.1: Pre-exposure Sub-trials
The experiment had one within-subjects factor: the number of times each yearbook

portrait was pre-exposed (0, 3, 9, and 15 pre-exposures). Each pre-exposure was delivered via a
sub-trial consisting of 3 events: Display of a yearbook mask, display of a portrait, and display of
a yearbook mask. The pre- and post- yearbook masks were selected randomly from the three
unique masks I created, and each stayed on the screen for 100 ms. On the display screen, the
mask measured 5.8 cm tall by 5 cm wide. The second display was a yearbook portrait, selected
randomly from the list of 40 portraits for 15 ms. On the screen, the portrait display measured 5.8
cm tall by 4.4 cm wide. The brief duration of the yearbook portrait, coupled with the pre- and
post-mask, were designed to ensure that the presentation of the yearbook portrait remained
subliminal – i.e., that participants would not be consciously aware of having seen the yearbook
81

portrait. To meet the number of pre-exposures needed, 90% of the CR task trials included one
pre-exposure sub-trial; 10% included a sequence of two pre-exposure sub-trials.
The pre-exposures consisted of 270 displays of 30 unique yearbook portraits: 10 of the
portraits were pre-exposed three times each (for a total of 30 displays); 10 were pre-exposed nine
times each (for a total of 90 displays); 10 were pre-exposed 15 times each (for a total of 150
displays). The yearbook portraits were displayed in random order from a list of all 30 possible
portraits. Participants were not given any instructions regarding the pre-exposure sub trials. If
asked about them, the experimenter stated that “the flashes you may see before a celebrity photo
used for the continuous recognition test are designed to break up the continuous recognition
task.”
4.1.3.2: Portrait Rating Task
The portrait rating task was completed after all trials of the CR task; the ratings provided
for this task were the critical dependent variable pertaining to the MEE. The portrait rating task
had 40 trials. Each started with the same fixation cross as used for the CR task, for a randomly
assigned duration of 250, 750, or 1250ms, followed by the display of a portrait and a question
with an 8-point rating scale, arranged as in Figure 4.2. On the display screen, the yearbook
portrait measured 5.8 cm tall by 4.4 cm wide. The question displayed asked “How much do you
like this person?” and the 8-point rating scale had endpoints labeled “Not at all” (1) and “Very
much” (8). The text at the bottom of the screen was written in 28-point Tahoma font, measuring
1 cm high on the screen. All parts of the display with the portrait, question, and scale appeared
simultaneously, and remained on the screen until the participant responded. Upon a response, the
display disappeared, and the next trial began with a fixation cross.
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How much do you like this person?
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8

Figure 4.2. An example of the rating task display.

Participants were instructed to “Look at each picture and determine how much you like
each person shown on the screen.” The instructions emphasized responding quickly and
accurately: “Please do not take too much time on any one picture. We are looking for your gut
reaction to each person.” For each portrait, the participant used the number keys 1-8 on a
standard keyboard to provide their liking rating.
Each participant rated a total of 40 unique yearbook portraits: 10 that were new, not preexposed; and three sets of 10 that were pre-exposed 3, 9, or 15 times, respectively. The portraits
were displayed in random order.
4.1.3.3: Experiment Flow
Participants were tested individually in the lab. Each participant provided written consent
at the beginning of the experiment. Participants were provided with spoken instructions as well
as written instructions on the screen. Participants were instructed for both tasks of the experiment
(i.e., the CR task and the rating task) at the beginning of the experiment. Following the
instructions, participants were asked to self-identify as Caucasian or non-Caucasian. Participants
were then given ten practice displays of just the CR task, after which they were provided an
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opportunity to ask further questions. Instructions to complete the task as quickly and accurately
as possible were repeated, and participants were encouraged to pay attention to the task.
Participants were given a brief break after the CR task was complete, for as long as required,
before continuing to the portrait rating task. Instructions were repeated at the start of the portrait
rating task.
At the end of the experiment, participants were briefly interviewed about the study, and
were asked a series of progressively narrower questions for insight into their experience of the
experiment. Included in this post-experiment interview were questions about whether
participants noticed the “flashes” (the subliminal displays of the yearbook portraits), what they
noticed in them, and whether they made any connection between the subliminal flashes and the
rest of the experiment. Participants were then provided with a spoken and written debriefing
about study design and variables, thanked for their participation, and given an opportunity to ask
questions. Each session lasted approximately 45 minutes.
4.2: Experiment 4 Results
The goal of this study was to carry out a close conceptual replication of existing
experiments that showed strong evidence of a MEE. Participants viewed and made liking ratings
of portraits from an online database of American yearbook portraits (Ginosar et al., 2015). The
portraits were subliminally pre-exposed zero, three, nine, or fifteen times, in the context of a CR
task. All portraits were presented one final time, and participants rated each portrait on an 8point liking rating scale. All portrait rating analyses below were performed on the mean rating
for this last presentation. Because response times are positively skewed, I used each participant’s
median response time in the analysis.
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4.2.1: Data Preparation
The end-of experiment interview did not reveal any participants who made any
meaningful connection between the pre-exposures and rating task, or perceived the portraits
during the CR task. One participant’s mean rating was below 2 (M = 1.08), which was
interpreted as a failure to use the scale appropriately, and three participants’ median response
times were over three standard deviations away from the mean of the median response times for
all participants. The data of these participants were therefore excluded from final analyses. One
participant’s mean was below 90% (M = 85%), and the data from this participant were excluded
from final analyses. The data from 125 participants (82 female) remained for use in the analyses
below.
4.2.2: CR Task Performance
Overall, performance on the CR task was very high (M = 97% correct, SD = 0.02), with
an average response time in line with what was expected (M = 856.26, SD = 120.66). The very
high performance and rapid response times indicate that the CR task achieved its intended
purposes: 1) it was easy enough for participants to complete without depleting cognitive
resources, and 2) participants remained focused on the screen while the yearbook portraits were
pre-exposed in between trials of the CR task.
4.2.3: Portrait Ratings
Participants’ liking ratings of the portraits are shown in Figure 4.3. The data indicate that
participants gave higher liking ratings to portraits pre-exposed 3 or 9 times compared to those
not pre-exposed. These observations are supported by the results of a repeated measures
ANOVA, with number of pre-exposures (0, 3, 9, and 15) as the within-subjects variable.
Mauchly’s test indicated that the assumption of sphericity had been violated for number of pre85

exposures, χ2 = 18.75, p = .002, and thus a Greenhouse-Geisser correction was used. The results
revealed a main effect due to number of pre-exposures, F(2.75, 340.68) = 7.03, p < .001, η2=
.05. Follow-up pairwise comparisons showed that participants rated portraits pre-exposed three
times (M = 4.97, 95%CI [4.78, 5.16]) and nine times (M = 5.02, 95%CI [4.83, 5.21])
significantly higher than portraits pre-exposed zero times (M = 4.81, 95%CI [4.60, 5.02]).
Participants also rated portraits pre-exposed fifteen times (M = 4.90, 95%CI [4.72, 5.08])

Liking Rating (1-8)

significantly lower than portraits pre-exposed nine times.
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Number of Pre-Exposures
Figure 4.3. Mean liking ratings of portraits that were pre-exposed zero, three, nine or fifteen times. The data
show that participants (n=125) gave higher liking ratings to portraits that were pre-exposed three times and
nine times than those pre-exposed once, and lower liking ratings to portraits that were pre-exposed fifteen
times than those pre-exposed nine times. All error bars are 95% confidence intervals.

4.2.4: Response Times
Participants’ liking rating response times on the portraits are shown in Figure 4.4. The
data indicate that participants were faster to respond to portraits that were pre-exposed more
frequently, but that there was substantial variability in the speed of responding. This observation
is supported by the results of a repeated measures ANOVA, with number of pre-exposures (0, 3,
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9, and 15) as the within-subjects variable. The results revealed no significant effect due to
number of pre-exposures.
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Figure 4.4. Mean of median response times to portraits that were pre-exposed zero, three, nine or fifteen
times. The data show that participants (n=125) responded slightly faster between zero, three, and nine preexposures, and that there was large variability in response times. All error bars are 95% confidence intervals.

4.2.5: Portrait Ratings by Ethnicity
To further understand the MEE found in this experiment, I examined the potential
moderating variable of ethnicity, both participant ethnicity and portrait ethnicity. Zajonc’s (1968)
seminal work on the MEE was inspired by earlier research that found that increased exposure to
or contact with members of different ethnic groups resulted in more positive attitudes for those
groups of people. Since then, empirical work has corroborated this finding. For example, Cantor
(1972) and Ball and Cantor (1974) exposed white elementary school children to pictures of white
and black children. They found a 12% increase in evaluative ratings (the scale presented to the
children was “the degree to which they’d like to bring the child home”). Borstein (1993)
conducted a meta-analysis of studies that examined the MEE for ingroup and outgroup stimuli,
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and found a larger overall MEE (r = .36) for studies that used outgroup stimuli than those that
used ingroup stimuli (r = .23). Therefore, I considered how ingroup-outgroup type effects may
be at play in the present data.
Each yearbook portrait used in the study was coded for ethnicity as “Caucasian” or “NonCaucasian” by two individual raters. Of the 120 portraits across the three versions of the
experiment, the two raters disagreed on ratings for two portraits. These two portraits were not
included in the analyses below. All participants were asked to provide their self-identified
ethnicity at the start of the study. Of the 125 participants in the present study, 89 self-identified
as non-Caucasian, 32 self-identified as Caucasian, and 4 preferred not to answer.
4.2.5.1: Caucasian Participants
Caucasian participants’ liking ratings of the portraits are shown in Figure 4.5. The data
show similar ratings of Caucasian and non-Caucasian portraits at all pre-exposures. These
observations are supported by the results of a repeated measures ANOVA, with portrait ethnicity
(Caucasian, non-Caucasian) and number of pre-exposures (0, 3, 9, and 15) as within-subjects
variables. Each participant’s mean liking rating was used in the analysis. Mauchly’s test
indicated that the assumption of sphericity had been violated for the interaction between portrait
ethnicity and number of pre-exposures, χ2 = 12.30, p = .03, and thus a Greenhouse-Geisser
correction was used. The results revealed no significant main effects or interactions.
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Figure 4.5. Mean liking ratings provided by Caucasian participants by number of pre-exposures (0, 3, 9, and
15), as a function of portrait ethnicity (Caucasian, non-Caucasian). The data show that participants (n=32)
gave similar liking ratings to Caucasian and non-Caucasian portraits across all pre-exposures. All error bars
are 95% confidence intervals.

4.2.5.2: Non-Caucasian Participants
Non-Caucasian participants’ liking ratings of the portraits are shown in Figure 4.6. The
data indicate that: 1) participants provided similar ratings on Caucasian portraits across all preexposures, and 2) participants provided higher liking ratings to non-Caucasian portraits preexposed 3 or 9 times compared to those not pre-exposed.
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Figure 4.6. Mean liking ratings provided by non-Caucasian participants by number of pre-exposures (0, 3, 9,
and 15), as a function of portrait ethnicity (Caucasian, non-Caucasian). The data show that participants
(n=89) gave higher liking ratings to non-Caucasian portraits that were pre-exposed three times and nine
times than those pre-exposed once. All error bars are 95% confidence intervals.

These observations are supported by the results of a repeated measures ANOVA, with
portrait ethnicity (Caucasian, non-Caucasian) and number of pre-exposures (0, 3, 9, and 15) as
within-subjects variables. Mauchly’s test indicated that the assumption of sphericity had been
violated for number of pre-exposures, χ2 = 27.11, p < .001, and thus a Greenhouse-Geisser
correction was used. The results revealed a significant interaction, F(2.92, 257.26) = 4.20, p =
.007, η2= .05. There was no main effect due to number of portrait ethnicity or pre-exposures.
Simple main effects revealed significant differences for non-Caucasian portraits: portraits preexposed three, nine, and fifteen times were liked more than those not pre-exposed (p <.001 for
three and nine exposures, p = .02 for fifteen exposures), and portraits pre-exposed fifteen times
were liked less than those pre-exposed nine times (p = .008).
90

4.3: Experiment 5 Method
The method for Experiment 5 is the same that of Experiment 4, following the same
procedure; the only difference between the two experiments are the stimuli used.
4.3.1: Participants
52 undergraduate students (31 female) from the department of Psychology at the
University of British Columbia participated in this experiment. They received partial course
credit for their participation in the study, which was approved by the University of British
Columbia Behavioural Research Ethics Board. Each participant provided written consent at the
beginning of the experiment.
4.3.2: Materials
4.3.2.1: Polygons
One hundred and twenty images of black, irregular, concave, 11-sided polygons were
generated using the Polygon Generator program (see Figure 4.7 for an example). Each polygon
was saved as a 170 by 125 pixel .jpeg file, in portrait mode.
4.3.2.2: Polygon mask
I created four unique black-and-white masks (see Figure 4.7 for an example), to limit
sensory/perceptual processing beyond brief pre-exposures, in an effort to keep portrait preexposures subliminal. To create the masks, I extracted random segments from 15 polygons not
used anywhere else in the study. I used the lasso tool for this purpose, selecting organic shapes
capturing a portion of each polygon and randomly combining them to create a picture which was
used as a mask. Each mask was saved as a 170 by 145 pixel .jpeg file, in portrait mode.
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Figure 4.7. An example of a polygon (left) and a mask (right).

4.3.3: Procedure
The procedure for Experiment 5 was the same as that of Experiment 4. The critical
differences between the two experiments were: 1) the stimuli (yearbook portraits vs. polygons),
2) the masks used in pre-exposure (yearbook mask vs. polygon mask), and 3) the portrait rating
task question and instructions asked participants “How much do you like this picture?” instead of
“person”. As with the yearbook portraits experiment, I created three unique versions of the
program, each using three different subsets of 40 polygons from the 120 selected above, in order
to obtain data about a larger set of stimuli.
4.4: Experiment 5 Results
The goal of this study was to carry out a close conceptual replication of existing
experiments that showed strong evidence of the MEE. Participants viewed and made liking
ratings of polygons. The polygons were subliminally pre-exposed zero, three, nine, or fifteen
times, in the context of a CR task. All polygons were presented one final time, and participants
rated each polygon on an 8-point liking rating scale. All polygon rating analyses below were
performed on the mean rating for this last presentation. Because response times are positively
skewed, I used each participant’s median response time in the analysis.
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4.4.1: Data Preparation
The end-of experiment interview did not reveal any participants who made any
meaningful connection between parts 1 and 2 of the experiment, or perceived the polygons
during the CR task. One participant’s mean rating was below 2 (M = 1.10), and one participant’s
median response times was over three standard deviations away from the mean of the median
response times for all participants. The data of these two participants were therefore excluded
from final analyses. One participant’s mean was below 90% (M = 86%), and the data from this
participant were excluded from final analyses. The data from 48 participants (30 female)
remained for use in the analyses reported below.
4.4.2: CR Task Performance
Overall, performance on the CR task was very high (M = 97% correct, SD = 0.02), with
an average response time in line with CR tasks from the literature (M = 871.95, SD = 282.44).
Once again, these data indicate that the CR task achieved its intended purposes.
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4.4.3: Polygon Ratings
Participants’ liking ratings on the last presentation to each polygon are shown in Figure
4.8. The data indicate that participants gave similar ratings to polygons at all pre-exposures.
These observations are supported by the results of a repeated measures ANOVA, with number of
pre-exposures (0, 3, 9, and 15) as the within-subjects variable. Each participant’s mean liking
rating was used in the analysis. The results revealed no effect due to number of pre-exposures,
F(3, 141) = .36, p = .78.
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Figure 4.8. Mean liking ratings of polygons that were pre-exposed zero, three, nine, or fifteen times. The data
show that participants (n=48) gave similar liking ratings to portraits at all pre-exposures. All error bars are
95% confidence intervals.

4.4.4: Response Times
Participants’ liking rating response times on the last presentation to each polygon are
shown in Figure 9. The data indicate that participants responded to all portraits at approximately
the same speed. These observations are supported by the results of a repeated measures ANOVA,
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with number of pre-exposures (0, 3, 9, and 15) as the within-subjects variable. The results
revealed no effect due to number of pre-exposures.
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Figure 4.9. Mean of median response times to portraits that were pre-exposed zero, three, nine or fifteen
times. The data show that participants (n=48) responded slightly slower between zero and three pre-exposure,
and slightly faster between nine and fifteen pre-exposures, and that there was large variability in response
times. All error bars are 95% confidence intervals.

4.5: Discussion of Experiments 4 and 5
The present experiments sought to replicate the MEE, focusing on critical stimulus
variables, particularly visual angle. In two parallel studies, I found the MEE with one category of
stimuli (yearbook portraits) but not another (polygons). The results for Experiment 4 (portraits)
demonstrated an increase in liking ratings up to 9 pre-exposures, followed by a decrease in liking
ratings from 9 to 15 pre-exposures. This pattern of results is consistent with the study I sought to
replicate. Bornstein and D’Agostino’s (1992) first experiment found a linear increase in liking
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ratings for portraits from 0-10 pre-exposures, followed by minimal difference from 10-20
exposures, and a linear increase in liking ratings for polygons, followed by a slight decrease from
10-20 exposures. Several other studies have also found an inverted U-shaped function (e.g.,
Crandall et al., 1973; Stang & O’Connell, 1974), where repeated exposures result in an increase,
followed by a plateau or decrease in liking. Bornstein’s (1989) meta-analysis suggests that the
MEE plateaus or decreases after approximately 9 pre-exposures, which was demonstrated in
Experiment 4.
Although the results of Experiment 4 successfully met the goal of this chapter, it is
interesting that Experiment 5 (using polygons) found no MEE. Bornstein’s (1989) meta-analysis
found that both photograph and polygon stimuli should produce moderate-large exposure effects
(r=.367 for photographs and r=.413 for polygons). One possibility is that the simplicity or
within-set similarity of the polygon stimuli may have impacted the effect. For example,
Bornstein’s (1989) meta-analysis shows that meaningful stimuli (e.g., photographs, meaningful
words) show larger MEEs than meaningless stimuli (e.g., ideographs, meaningless words), and
that some abstract stimuli (e.g., abstract paintings, matrices) show no MEE. One explanation for
this may be that while we are already familiar with and therefore already have mental
representations for photographs and meaningful words, we are unfamiliar with and therefore lack
mental representations for abstract stimuli. Whereas repeated pre-exposures to meaningful
stimuli, such as the yearbook photos in Experiment 4, strengthen existing mental representations,
it is possible that repeated pre-exposures to the polygons are creating new mental
representations. However, if the polygon stimuli are too difficult to individuate, this would not
result in the creation of distinct mental representations, impeding any integration of those mental
representations, and therefore impeding fluent processing.
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Chapter 5: Exploration of the MEE During the COVID-19 Pandemic
The experiment in Chapter 5 was run during the COVID-19 pandemic after the closure of
in-person research. As a result, I needed a new approach to pursue my dissertation research. The
first goal of the present experiment was to examine the reliability of the stimuli and the scale I
was using. The second goal was to investigate whether an online, supraliminal method could be
used to elicit a MEE. The third goal was to create a database with valence ratings for the
yearbook portraits that previously found a MEE (i.e., in Experiment 4).
Over five experiments, I have failed to produce a reliable, consistent MEE. While the
MEE is discussed as a ubiquitous, robust effect, my work thus far has established that it does not
occur under all circumstances. In Experiment 4, I found the MEE under specific methodological
constraints: using simple, black-and-white yearbook stimuli, displayed subliminally, with
heterogeneous pre-exposures, presented at a sufficiently small visual angle. However,
Experiments 1-3 and Experiment 5 failed to produce a MEE. At this point, it was critical to
consider why I did not consistently find the effect, and to replicate the effect I did find.
The first goal of the present experiment was to examine the reliability of my measures.
One possible explanation for why I have not consistently found a MEE has to do with reliability.
It is possible that the MEE itself is simply unreliable, or is difficult to find outside of specific
circumstances. Alternatively, it is possible that the measures I am using to elicit the MEE are
unreliable. Therefore, in this experiment, I examined both test-retest reliability, to ensure that the
same participant provided consistent repeated ratings to each stimulus, and inter-rater reliability,
to ensure that different participants provided similar ratings to each stimulus.
The second goal of the present experiment was to determine whether a single preexposure to a portrait was sufficient to produce a MEE. The method of the present experiment
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was very different than the previous experiments, as it was done online, with supraliminal preexposures. This method was a necessary concession due to the COVID-19 pandemic, as inperson research was not possible. As the study had to be done online, it was not possible to
control for visual angle or to control duration of subliminal exposures. These limitations
nonetheless provided an opportunity to examine the impact of a single, supraliminal exposure.
While some studies (e.g., Bornstein & D’Agostino, 1992) failed to find an effect of one
supraliminal (500ms) pre-exposure, others (e.g., Zajonc, Crandall, et al., 1974) have found an
increase in goodness and liking ratings with one supraliminal (1000ms) pre-exposure when
compared to stimuli that were not pre-exposed.
There is also new evidence that supraliminal pre-exposures may in fact produce a
stronger MEE than subliminal pre-exposures (e.g., Berry et al., 2006; Fox & Burns, 1993;
Newell & Shanks, 2007). For example, Newell and Shanks (2007) pre-exposed participants to
polygons or photographs of faces for 40ms (assumed to be subliminal) or 400ms (assumed to be
supraliminal), 0, 3, or 9 times. Each pre-exposed stimulus was then paired with a novel stimulus
and participants were asked to rate which of each pair they had previously seen and which they
liked more. Across three experiments, they only found a MEE for photos and polygons that were
pre-exposed 9 times at 400ms – the condition in which recognition was also highest. Similarly,
de Zilva et al. (2013) pre-exposed participants to photographs of faces and geometric contours 0,
1, 10, and 20 times subliminally and supraliminally, then asked them to rate the pleasantness of
each face or contour. Results demonstrated a small linear increase in preference for contours that
participants were aware they saw previously, a larger linear increase in preference for faces that
participants were aware they saw previously, and no MEE for stimuli that participants did not
recognize. These findings contradict Bornstein’s (1989) meta-analytic findings, which found a
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larger effect size for experiments that used subliminal stimuli, and suggest that further research is
needed to determine the impact of subliminal versus supraliminal pre-exposures. This is a
particularly important avenue of research as it addresses a critical assumption of the PFA.
The third goal of the present experiment was to determine whether some portraits are
consistently more attractive than others. While it was critical to replicate the MEE from
Experiment 4, establishing a method that successfully found a MEE also allowed me to return to
some of my original dissertation goals. One primary dissertation goal was to investigate was the
impact of repeated pre-exposures on positive versus negative stimuli, as this allows me to fill a
gap in the literature. To examine the MEE with positive and negative stimuli, it was first
necessary to establish the baseline valence of the yearbook portrait database (Ginosaur et al.,
2015), allowing me to collect normative data in order to later replicate and extend the MEE
finding from Experiment 4.
In order to address these goals, the present experiment used yearbook portraits from
Ginosaur et al.’s (2015) database, and asked participants to make supraliminal attractiveness
ratings of each portrait online, using Qualtrics. Based on prior research and my previous results, I
expected to find: 1) high inter-rater and test-retest reliability; 2) that participants would provide
higher attractiveness ratings to portraits that were pre-exposed; and 3) that participants would
provide significantly different attractiveness ratings to different portraits in the set.
5.1: Experiment 6 Method
The present experiment used a very different method than Experiments 1-5. Experiment 6
was completed online, at participants’ leisure, on their own technological devices. I used the
same yearbook portraits as Experiment 4, and the same attractiveness rating task as Experiments
1-3.
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5.1.1: Participants
389 undergraduate students (82 male, 300 female, 4 non-binary, 3 prefer not to answer)
from the department of Psychology at the University of British Columbia participated in this
experiment. They received partial course credit for their participation in the study, which was
approved by the University of British Columbia Behavioural Research Ethics Board.
5.1.2: Materials
5.1.2.1: Yearbook Portraits
The yearbook portraits used for this experiment were the same set of 200 as those used in
Experiment 4, all selected from the online database by Ginosaur et al. (2015).
5.1.3: Procedure
The experiment was conducted online, administered through UBC Qualtrics (Qualtrics
Research Suite, 2021). Participants were provided with a link to the experiment, and completed it
at their own convenience, and on their own digital device (e.g., smartphone, tablet, or laptop).
5.1.3.1: Portrait Rating Task
Participants completed a task that required rating portraits. The task had 250 trials, each
using a display consisting of a yearbook portrait together with a question and rating scale, as
shown in Figure 5.1. The question asked “How attractive is this person?” and the 8-point rating
scale had endpoints labeled “Not at all attractive” (1) and “Extremely attractive” (8). Participants
used their computer mouse or phone/tablet touchscreen to provide their rating. All parts of the
display – the portrait, the question and the scale – appeared simultaneously, and remained on the
screen until the participant responded and pressed an arrow key to take them to the next page.
The display then disappeared, and the next display began on the next page.
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The size of the portraits on the display screen was variable; it depended on whether
participants completed the experiment on a smartphone, tablet, or personal computer. The visual
angle of the portraits was also variable, depending on the screen size as well as participants’
distance from the screen.

Figure 5.1. An example of a display used for the portrait rating task. The top of each display also showed a
progress bar.

Participants were given written instructions to “look at photographs of high-school
graduates, and then rate the attractiveness of each person.” Instructions emphasized that “we are
looking for your first impression of each person - don't spend too much time looking at each
photo - but we want you to rate each in such a way that you would make the same rating if you
saw the photo a second time.”
The critical independent variable was display repetition. The experiment included 250
trials of 200 unique portraits that were each rated once, and 50 of these portraits that were rated a
second time. The 250 trials were arranged into five blocks, each requiring participants to rate 50
portraits. The last block was always used for making second ratings on one block of 50 portraits.
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The specific block of portraits that was repeated was randomized across participants. For this
purpose, I created four different versions of the experiment. Each version of the experiment
included a different block of portraits that was repeated. In three versions of the experiment,
portraits from the second block were also used for the last block. In one version of the
experiment, portraits from the first block were also used for the last block. I started the
experiment with this latter version, and changed the repeated block for other versions due to a
concern that there may be a primacy effect. The rating task was the same for all blocks. The
critical dependent variable was attractiveness rating.
5.1.3.2: Experiment Flow
Participants were provided with the experiment link through the university’s subject pool
system. Upon clicking the link, participants were provided with a written consent form, and
required to select “Yes, I consent to participating in the experiment” in order to complete it.
Written instructions for the experiment were provided at the beginning, and to encourage
participants to read the instructions, they were not able to advance past the instruction screen
until at least 30 seconds had passed. Participants then saw two blocks of 50 portraits each,
followed by a brief break for as long as required, followed by three blocks of 50 portraits each.
At the end of the experiment, participants were asked to provide basic demographic
information (gender identity, ethnic identity), and to briefly describe how they made their
attractiveness ratings. Participants were then provided with a written debriefing about the
experimental design and its variables, thanked for their participation, and given contact
information for asking questions.
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5.2: Experiment 6 Results
The goals of the current study were: 1) to investigate test-retest and inter-rater reliability
to ensure that unreliability is not causing a lack of the MEE; 2) to determine whether a single,
supraliminal pre-exposure can produce a MEE; and 3) to collect normative data on the yearbook
stimuli database to be able to replicate and extend the MEE. Participants viewed and rated
yearbook portraits online. The main independent variable was display repetition; the main
dependent variable was the participants’ attractiveness ratings.
5.2.1: Data Preparation
To determine whether participants were completing the task properly and using the
attractiveness rating scale appropriately, I examined the mean and range of each participant’s
attractiveness rating. I graphed each participant’s mean attractiveness rating, in increasing
numerical order, and examined points of discontinuity in the distribution. There was a
discontinuity at approximately 2 on the lower end of the graph. Twelve participants had a mean
rating below this discontinuity cut-off. In addition, three participants had a range of two (on the
8-point rating scale), and two additional participants had a median of one, which were interpreted
as a failure to complete the task appropriately. The data of these 17 participants were therefore
excluded from final analyses. All analyses below were performed on the mean attractiveness
rating given by each participant, for 374 participants (76 male, 291 female, 4 non-binary, 3
prefer not to answer).
5.2.2: Reliability of Ratings
I examined the inter-rater and test-retest reliability of attractiveness ratings.
Attractiveness ratings were highly reliable across participants, with an inter-rater reliability of r
=.91, providing evidence that different participants provided similar ratings to each portrait.
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Attractiveness ratings were also highly reliable across portraits, with a test-retest reliability of r
=.99, providing evidence that participants provided the same ratings to each portrait the first and
second time they rated it.
5.2.3: First Exposure Ratings
The overall attractiveness ratings to the first exposure of each portrait are shown in
Figure 5.2. The data demonstrate that participants discriminate between portraits in the set and
are using the attractiveness scale as expected. In order to compare high attractiveness and low
attractiveness portraits, I created two attractiveness groups. I selected the 50 most attractive
portraits and the 50 least attractive portraits to examine the top quartile and bottom quartile of the
data. Results demonstrated that the 50 most attractive portraits (M = 5.02, 95%CI [4.92, 5.11])
were significantly more attractive than the 50 least attractive portraits (M = 3.10, 95%CI [3.01,
3.20]), F(1, 98) = 687.07, p<.001.

Attractiveness Rating (1-8)

8
7
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5
4
3

2
1

Portraits (1-200)
Figure 5.2. Average attractiveness rating by portrait. Each bar represents the average attractiveness rating
given to the first exposure of one portrait.
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5.2.4: Second Exposure Ratings
In order to explore the impact of a second exposure, I graphed the change in
attractiveness ratings between the first and second exposure to each individual portrait (see
Figure 5.3). The data suggest that overall, portraits with low average attractiveness ratings are
rated more attractive at second exposure, represented by a positive bar, whereas portraits with
high average attractiveness ratings are rated less attractive at second exposure, represented by a
negative bar. These observations are supported by the results of a correlation between the initial
attractiveness rating and the change in attractiveness rating, r(398)= -.42, p<.001.

Change in Attractiveness Rating
(Second exposure-first exposure)

0.6
0.4
0.2

0
-0.2
-0.4
-0.6
-0.8

Portraits (1-200)
Figure 5.3. Average change in attractiveness rating by portrait. Each bar represents the average change
attractiveness rating between the second exposure and first exposure of one portrait. A positive value
indicates that the portrait received a higher rating on the second exposure; a negative value indicates that the
portrait received a lower rating on the second exposure. Portraits are organized on the X-axis in the same
order as Figure 5.2 above: the portraits are ordered from lower average rating to higher average rating from
left to right.

These observations are also supported by the results of a mixed ANOVA of the average
rating given to each portrait, with exposure (first or second) as a within-item variable, and
attractiveness group (50 most attractive portraits, 50 least attractive portraits) as a between-item
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variable. The results revealed a significant effect of exposure, F(1, 98) = 10.69, p = .001. This
main effect was qualified by a significant interaction between exposure and attractiveness group
F(1, 98) = 38.17, p < .001. Simple main effects revealed that the 50 most attractive portraits were
rated significantly lower on second exposure (p <.001), whereas the 50 least attractive portraits
were rated significantly higher on second exposure (p = .04).
5.3: Discussion
The present study had three goals. The first goal was to examine the test-retest and interrater reliability of my measures. Results demonstrated that the test-retest and inter-rater
reliability were very high. The second goal was to examine whether a single pre-exposure to a
portrait stimulus was sufficient to produce a MEE. Results demonstrated that portraits with lower
attractiveness ratings were rated as more attractive at second exposure, whereas portraits with
higher attractiveness ratings were rated as less attractive at second exposure. The third goal was
to examine whether some portraits are consistently more attractive than others. Results
demonstrated that the portraits received a wide range of attractiveness ratings, and that the most
attractive portraits were rated significantly higher than the least attractive portraits.
5.3.1: Reliability
I examined reliability to eliminate the possibility that I have found no MEE as a result of
unreliable measures. The very high test-retest reliability found provided evidence that
participants provided consistent repeated ratings to each stimulus, and the very high inter-rater
reliability provided evidence that different participants provided similar ratings to each stimulus.
This increased confidence in my measures and suggested that methodological issues are not
contributing to the null effect in the preceding experiments. Although I used different stimuli in
the preceding experiments, there is no reason to expect that reliability should change as a result
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of type of stimuli (e.g., NAPS pictures versus yearbook portraits). It is important to note that
high test-retest reliability and a MEE can co-occur, as test-retest reliability is not affected by a
constant. Therefore, if every participant for example rated every picture higher by one rating
scale point on the second exposure, the test-retest reliability would remain the same.
5.3.2: Impact of Single Exposure
Results of this study provide some evidence that a single supraliminal pre-exposure to the
yearbook portraits does not impact all stimuli the same way. Results demonstrated that portraits
with low baseline attractiveness ratings showed a MEE, receiving higher ratings on second
exposure. However, portraits with high baseline attractiveness ratings showed the opposite
effect, receiving lower ratings on second exposure. These data are not in line with what the MEE
would predict. A MEE would result in a higher second rating for all portraits (i.e., all difference
scores should be positive), regardless of the baseline attractiveness of the portrait.
One potential explanation for these results is a “regression to the mean”-type effect,
which is the statistical tendency for any extreme outcome to become less extreme over time. It is
possible that this effect occurred as a result of participants shifting their anchoring on the scale as
they completed the rating task. The anchoring effect is the tendency for participants to make
decisions that are biased towards initially presented values (Tversky & Kahneman, 1974), such
as the first few portraits in the current experiment. The first exposures to the yearbook portraits
occurred during the first two blocks of the task. At this time, participants may still have been
developing an anchor for their ratings, or may have been anchoring to the first few portraits they
saw. Since the second exposures were always presented in the last block, participants were more
experienced with the scale by this point, and able to appropriately compare between all portraits
instead of anchoring to the first few. There is some evidence for an anchor-shifting explanation
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in the post-experimental question that asked participants to describe how they made their ratings.
For example, one participant described how their standard shifted as the experiment went on:
“…I began with looking at the first few to some external beauty standard and then as I saw more
of them I began to rate them against each other.”
5.3.3: Portrait Attractiveness
Results demonstrated that the yearbook portraits varied significantly in attractiveness,
and that all attractiveness ratings were closer to the lower end of the scale (the lowest-rated
portrait was 2.40 and the highest was 6.02 on a scale from 1-8). One potential explanation for
this tendency towards the lower end of the scale is the negativity bias (Kanouse & Hanson,
1971). Kanouse and Hanson (1971) proposed that when asked to make a holistic decision about
an item or stimulus, people will tend to attend more and give more weight to negative attributes
over positive attributes. This bias has been robustly demonstrated across many areas of research
and types of decisions, such as the study of ingroup-outgroup relationships (e.g., KnoblochWesterwick et al., 2020). In the present experiment, it is possible that participants attended to
and more heavily weighed more “negative” physical features of portraits. A second potential
explanation is that participants’ anchoring to the scale was below the midpoint of the scale. This
is corroborated by responses to the post-experimental question that asked participants to describe
how they made their ratings. Several participants mentioned that they anchored their
attractiveness ratings lower than 4.5 (the mid point of the scale), for example: “with the average
being 3 and anything more attractive being 4-6” and “…3 is for neutral…” It is possible that both
these factors contributed to participants’ ratings, and that the negativity bias led participants to
anchor their ratings at the lower end of the scale.
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I examined the relative attractiveness of portraits in this experiment order to create a
systematic database of the portraits with relatively low and relatively high attractiveness ratings.
The reason for creating this database was to be able to use portraits with different baseline
attractiveness ratings in the next study, to return to my original dissertation goal of examining the
MEE with negatively valenced stimuli. In this experiment, I used high and low attractiveness
ratings as a proxy for valence (positivity or negativity). To test that attractiveness maps onto
valence, I completed an additional experiment.
5.3.3.1: The Relationship between Attractiveness and Valence
While low attractiveness yearbook portraits may not be inherently negative stimuli in the
same way as negative stimuli in picture databases such as NAPS, research has shown that
context is critical for determining the valence of a stimulus. The context in which we see a
stimulus greatly determines how we interpret the positivity or negativity of the stimulus (e.g., a
photo of someone with an injured ankle may be considered quite negative in a series of photos of
puppies and playing children, but this same photo may be quite positive in the context of gory
photos of more serious injuries). I therefore anticipate that in the context of high and low
attractiveness yearbook portraits in Experiment 7, these low attractiveness pictures will be
considered relatively negative.
In order to corroborate that low attractiveness pictures are equivalent to negative pictures,
I completed an additional experiment. Using Qualtrics, 160 participants provided both
attractiveness and valence ratings on all 200 yearbook portraits.
The experiment had two blocks: one consisted of 200 displays of the attractiveness
ratings and the second consisted of 200 displays of the valence ratings. These two blocks were

109

presented in a random order to each participant. The displays within each block were also
presented in a random order.
Each attractiveness rating display included a yearbook portrait together with the
attractiveness prompt “You are judging this person as:” and a rating scale from 1 (Very
repulsive) to 8 (Very attractive). Each valence rating display included a yearbook portrait
together with the valence prompt “You are judging this person as:” and a rating scale from 1
(Very negative) to 8 (Very positive). I used this prompt and a bidirectional scale to replicate the
prompt and scale used to create the NAPS database, to be able to compare the valence of the
yearbook portraits with the standardized NAPS norms. I used an 8-point scale rather than a 9point scale to eliminate the possibility of the midpoint being used incorrectly (e.g., Chyung et al.,
2017).
The data of 12 participants were excluded from final analyses due to outlier analyses
demonstrating that they were not completing the task properly or using the attractiveness rating
scale appropriately. All analyses were performed on the mean attractiveness rating given by each
participant, for 148 participants.
Results demonstrated a very strong correlation between attractiveness ratings and valence
ratings given to each portrait, r = .90, p <.001. I also ran a correlation between attractiveness
ratings in experiment 6 and this experiment. Results demonstrated a very strong correlation
between attractiveness ratings given to each portrait in both experiments, r = .98, p <.001. These
results indicate that the attractiveness ratings have strong test-retest reliability, and that
attractiveness can be used as a proxy for valence.
Comparing valence ratings given to the yearbook portraits with valence ratings of
negative and positive NAPS stimuli also provides evidence that these stimuli are being treated
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similarly. I selected positive (mean rating = 6.74 on a 9-point scale) and negative (mean rating =
3.60 on a 9-point scale) NAPS stimuli in Experiment 1. These ratings are comparable to the
mean valence ratings of the top 50 (mean rating = 5.08 on an 8-point scale) and bottom 50
portraits (mean rating = 3.08 on an 8-point scale). Based on these data, I feel confident using
these portraits to test the impacts of mere exposure on positive and negative stimuli in
Experiment 7.
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Chapter 6: Replicating and Extending the MEE with Yearbook Portraits
The primary goal of Experiment 7 was the same as previous experiments: to find the
MEE in a carefully controlled experiment, with a large participant sample. In view of finding a
MEE in Experiment 4, with no evidence for a MEE in five other experiments, it was critical to
replicate this finding. Experiment 7 specifically sought to directly replicate Experiment 4, using
the same methods and stimuli, and also to extend the finding to address one of my original
dissertation goals: to examine the impact of positive and negative stimuli on the MEE.
Very little of the extant research on the MEE has used negative stimuli, and the few
studies that have used pre-ratings to establish the baseline valence of stimuli
have a number of methodological issues (Bukoff & Elman, 1979; Brickman et al., 1972; Grush,
1976). First, these studies included very small numbers of unstandardized stimuli. Second,
studies that used pre-ratings to establish the baseline valence of stimuli asked the same small
number of participants to provide pre-ratings and complete the study, introducing a confound of
additional pre-exposures. Third, these studies had challenges with controlled, consistent
presentation durations.
Experiment 7 addresses each of these issues. First, I selected 48 stimuli for this
experiment, far greater than previous studies (e.g., 4 negative pictures in Brickman et al., 1972; 8
yearbook photos in Bukoff & Elman, 1979; 12 words in Grush, 1976). Second, the pre-ratings
used to establish the baseline valence of these stimuli were provided by two large samples of
participants (n=389 and n=160), who did not participant in Experiment 7. Third, I used an
established method for subliminally pre-exposing the stimuli. Across four experiments in which
this method was used, post-experimental interviews demonstrated that no participants made a
connection between the pre-exposures and rating task.
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Investigating the MEE with valenced stimuli is critical because it has not been
sufficiently studied and has theoretical implications. If repeated pre-exposures to a stimulus
increase preference or liking for that stimulus, then a stimulus that starts out negative (i.e.,
receives a low rating on a liking scale) should have the greatest potential for becoming more
preferred or liked. If negative stimuli do become more liked with repeated pre-exposures, this
provides some evidence in line with the HFM’s assumption that fluency of processing is
hedonically marked and always experienced as positive.
In order to expand my investigation of determining when the MEE occurs, I examined
the potential moderating role of participant and portrait ethnicity in the present experiment.
Exploratory analyses of the data in Experiment 4 determined that non-Caucasian participants’
ratings to non-Caucasian portraits may have been driving the MEE that was found. In the present
experiment, I selected equal numbers of Caucasian and non-Caucasian portraits to more
systematically test the potential contribution of ethnicity as a moderating variable. There is
research to suggest that ingroup-outgroup effects may impact the MEE (e.g., Cantor, 1972), and
these effects have practical real-world applications, making this a question worth exploring.
6.1: Experiment 7 Method
The method of Experiment 7 was very similar to the method of Experiment 4. The critical
differences are that: 1) this experiment used yearbook photos that were rated as most attractive
and least attractive in Experiment 6, 2) I selected equal numbers of Caucasian and NonCaucasian yearbook photos for each condition and 3) this experiment used 48 yearbook photos
(compared to 40 in Experiment 4).
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6.1.1: Participants
95 undergraduate students (78 female, 16 male, 1 non-binary) from the department of
Psychology at the University of British Columbia participated in this experiment. They received
partial course credit for their participation in the study, which was approved by the University of
British Columbia Behavioural Research Ethics Board. Each participant provided written consent
at the beginning of the experiment.
6.1.2: Materials
The yearbook portraits used for this experiment were all from the online database by
Ginosaur et al. (2015). I selected a total of 48 portraits. In order to select positive and negative
Caucasian and Non-Caucasian portraits, I made a spreadsheet of the 50 portraits rated most
attractive and the 50 portraits rated least attractive in Experiment 6. To select positive Caucasian
portraits, I started from the most attractive Caucasian portrait and worked down the list until I
had selected 12 Caucasian portraits. I repeated this procedure for positive Non-Caucasian
portraits. To select negative Caucasian portraits, I started from the least attractive Caucasian
portrait and worked up the list until I had selected 12 Caucasian portraits. I repeated this
procedure for positive Non-Caucasian portraits.
6.1.3: Procedure
The procedure used for this experiment was the same as that of Experiment 4. The only
difference was in the number of portraits used (48 portraits instead of 40 portraits).
I created four different versions of the experimental program to ensure counterbalancing
of the portraits. I used a Latin square design to ensure that each sub-set of 3 portraits per
ethnicity and valence condition (i.e., positive Caucasian, positive Non-Caucasian, negative
Caucasian, negative Non-Caucasian) was pre-exposed zero times in one version, three times in
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one version, nine times in one version, and fifteen times in one version. Participants were
randomly assigned to complete one of the four versions.
6.1.3.1: Continuous Recognition (CR) Task
The CR task in this experiment was the same as that used for Experiment 4. The CR task
was designed to deliver subliminal displays of portraits, at a screen location where participants’
attention was focused, in a fun, measurable, and minimally cognitively demanding way. The
only difference in the CR task between Experiment 4 and the current experiment was in the
number of pre-exposure sub-trials.
6.1.3.1.1: Pre-exposure Sub-trials
The pre-exposure sub-trials were the same as Experiment 4. To meet the number of preexposures needed, 70% of the CR task trials included one pre-exposure sub-trial; 30% included a
sequence of two pre-exposure sub-trials.
The pre-exposures consisted of 324 displays of 36 unique yearbook portraits: 12 of the
portraits were pre-exposed three times each (for a total of 36 displays); 12 were pre-exposed nine
times each (for a total of 108 displays); 12 were pre-exposed 15 times each (for a total of 180
displays). The yearbook portraits were displayed in random order from the list of all 36 possible
portraits. Participants were not given any instructions regarding the pre-exposure sub-trials. If
asked about them, the experimenter stated that “the flashes you may see before a celebrity photo
used for the continuous recognition test are designed to break up the continuous recognition
task.”
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6.1.3.2: Portrait Rating Task
The portrait rating task was the same as Experiment 4, and was completed after all trials
of the CR task; the ratings provided for this task were the critical dependent variable pertaining
to the MEE. The portrait rating task had 48 trials.
6.2: Experiment 7 Results
The goal of this study was to examine whether repeated pre-exposures had the same
impact on positive and negative portraits. Participants viewed and made liking ratings of the
most attractive and least attractive portraits from Experiment 6. All portrait rating analyses below
were performed on the mean rating for the last presentation of each portrait. Because response
times are positively skewed, I used each participant’s median response time in the analysis.
6.2.1: Data Preparation
The end-of experiment interview did not reveal any participants who made any
meaningful connection between parts 1 and 2 of the experiment, or who consciously perceived
the portraits during the CR task. Using the same discontinuity strategy as Experiment 6, I found a
discontinuity in the distribution at the lower end at approximately 2 and at the upper end at
approximately 7 (on the 1-8 scale). One participant’s mean rating was below 2 (M = 1.19), and
one participant’s mean rating was above 7 (M = 7.21). Two participants’ median response times
were over three standard deviations away from the mean of the median response times for all
participants. The data of these four participants were therefore excluded from final analyses.
Two participants’ means were below 90% (M = 83% and 89%), and the data from these
participants were excluded from final analyses. The data from 89 participants (72 female, 16
male, 1 non-binary) remained for use in the analyses reported below.
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6.2.2: CR Task Performance
Overall, performance on the CR task was very high (M = 97% correct, SD = 0.02), with
an average response time in line with what was expected (M = 839.43, SD = 145.71). The very
high performance and rapid response times indicate that the CR task achieved its intended
purposes: 1) it was easy enough for participants to complete without depleting cognitive
resources, and 2) participants remained focused on the screen while the yearbook portraits were
pre-exposed in between trials of the CR task.
6.2.3: Portrait Ratings
Participants’ liking ratings of the portraits are shown in Figure 6.1. The data indicate that
participants gave higher liking ratings to positive portraits than negative portraits. These
observations are supported by the results of a repeated measures ANOVA, with number of preexposures (0, 3, 9, and 15) and valence condition (positive, negative) as the within-subjects
variables. The results revealed a main effect due to valence condition, F(1, 264) = 264.26, p <
.001, η2= .75. Participants rated positive portraits (M = 5.68, 95%CI [5.46, 5.90]) significantly
higher than negative portraits (M = 4.27, 95%CI [4.00, 4.55]). The results also revealed a main
effect due to number of pre-exposures, F(3, 264) = 2.75, p = .04, η2= .03. Follow-up pairwise
comparisons showed that participants rated portraits pre-exposed three times (M = 5.01, 95%CI
[4.77, 5.25]) significantly higher than portraits pre-exposed fifteen times (M = 4.92, 95%CI
[4.69, 5.15]), p = .02. Participants also rated portraits pre-exposed nine times (M = 5.03, 95%CI
[4.79, 5.26]) significantly higher than portraits pre-exposed fifteen times, p < .01. No other
pairwise comparisons were significant.
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Liking Rating (1-8)
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Figure 6.1. Mean liking ratings of negative and positive portraits that were pre-exposed zero, three, nine or
fifteen times. The data show that participants (n=89) gave higher liking ratings to positive portraits than
negative portraits. Participants also gave higher liking ratings to portraits that were pre-exposed three times
or nine times than to portraits that were pre-exposed fifteen times. All error bars are 95% confidence
intervals.

6.2.4: Response Times
Participants’ liking rating response times of the portraits are shown in Figure 6.2. The
data indicate that participants were faster to respond to negative portraits than to positive
portraits, but that there was substantial variability in the speed of responding. This observation is
supported by the results of a repeated measures ANOVA, with number of pre-exposures (0, 3, 9,
and 15), and valence condition (positive, negative) as the within-subjects variables. The results
revealed a main effect due to valence condition, F(1, 264) = 10.86, p < .001, η2= .11.
Participants rated negative portraits (M = 1757.36, 95%CI [1655.57, 1859.14]) significantly
faster than positive portraits (M = 1842.31, 95%CI [1729.85, 1954.76]). There was no significant
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effect due to number of pre-exposures, and no significant interaction of pre-exposures and
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Figure 6.2. Mean of median response times to negative and positive portraits that were pre-exposed zero,
three, nine or fifteen times. The data show that participants (n=89) responded faster to negative portraits
than to positive portraits. All error bars are 95% confidence intervals.

6.2.5: Portrait Ratings by Ethnicity
In order to extend my analysis of understanding when the MEE might occur, I
systematically examined ethnicity as one potential moderating variable of the effect. Of the 89
participants in the present study, 63 self-identified as East Asian, First Nations, Latin/South
American, South Asian, Southeast Asian, and/or West Asian/Middle Eastern, and these
participants were labeled “non-Caucasian.” 18 participants self-identified as Caucasian or White,
and these participants were labeled “Caucasian.” The remaining 8 participants self-identified as
“other” and were not included in the following analyses.
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6.2.5.1: Caucasian Participants
Caucasian participants’ liking ratings of the portraits are shown in Figures 6.3 (negative
portraits) and 6.4 (positive portraits). The data indicate that participants gave similar ratings to
Caucasian and non-Caucasian portraits at all pre-exposures. These observations are supported by
the results of a repeated measures ANOVA, with number of pre-exposures (0, 3, 9, and 15),
valence condition (positive, negative), and portrait ethnicity (Caucasian, Non-Caucasian) as the
within-subjects variables. Each subject’s mean liking rating was used in the analysis. The results
revealed a main effect due to valence condition, F(1, 17) = 66.51, p < .001, η2= .80. Participants
rated positive portraits (M = 5.97, 95%CI [5.58, 6.37]) significantly higher than negative
portraits (M = 4.21, 95%CI [3.80, 4.62]). The results revealed no other significant main effects or
interactions.
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Figure 6.3. Mean liking ratings of negative Caucasian and non-Caucasian portraits that were pre-exposed
zero, three, nine or fifteen times. The data show that Caucasian participants (n=18) gave similar liking
ratings to portraits pre-exposed zero, three, nine, and fifteen times. All error bars are 95% confidence
intervals.
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Figure 6.4. Mean liking ratings of positive Caucasian and non-Caucasian portraits that were pre-exposed
zero, three, nine or fifteen times. The data show that Caucasian participants (n=18) gave similar liking
ratings to portraits pre-exposed zero, three, nine, and fifteen times. All error bars are 95% confidence
intervals.

6.2.5.2: Non-Caucasian Participants
Non-Caucasian participants’ liking ratings of the portraits are shown in Figures 6.5
(negative portraits) and 6.6 (positive portraits). The data indicate that participants gave slightly
higher liking ratings to portraits pre-exposed 3 or 9 times compared to those not pre-exposed,
and lower liking ratings to portraits pre-exposed fifteen times. These observations are supported
by the results of a repeated measures ANOVA, with number of pre-exposures (0, 3, 9, and 15),
valence condition (positive, negative), and portrait ethnicity (Caucasian, Non-Caucasian) as the
within-subjects variables. Each subject’s mean liking rating was used in the analysis. The results
revealed a main effect due to valence condition, F(1, 62) = 188.13, p < .001, η2= .75.
Participants rated positive portraits (M = 5.54, 95%CI [5.27, 5.81]) significantly higher than
negative portraits (M = 4.18, 95%CI [3.83, 4.53]). The results also revealed a main effect due to
number of pre-exposures, F(3, 186) = 2.98, p = .03, η2= .05. Follow-up pairwise comparisons
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showed that participants rated portraits pre-exposed nine times (M = 4.94, 95%CI [4.64, 5.24])
significantly higher than portraits not pre-exposed (M = 4.81, 95%CI [4.50, 5.12]), p = .03.
Participants also rated portraits pre-exposed nine times significantly higher than portraits preexposed fifteen times (M = 4.81, 95%CI [4.52, 5.11]), p < .01. No other pairwise comparisons
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Figure 6.5. Mean liking ratings of negative Caucasian and non-Caucasian portraits that were pre-exposed
zero, three, nine or fifteen times. The data show that non-Caucasian participants (n=63) gave higher liking
ratings to portraits pre-exposed nine times than portraits pre-exposed zero or fifteen times. All error bars are
95% confidence intervals.

122

Liking Rating (1-8)

7.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
Zero

Three
Nine
Number of Pre-Exposures
Caucasian

Fifteen

Non-Caucasian

Figure 6.6. Mean liking ratings of positive Caucasian and non-Caucasian portraits that were pre-exposed
zero, three, nine or fifteen times. The data show that non-Caucasian participants (n=63) gave higher liking
ratings to portraits pre-exposed nine times than portraits pre-exposed zero or fifteen times. All error bars are
95% confidence intervals.

6.3: Discussion
The goal of Experiment 7 was to replicate and extend the MEE found in Experiment 4 to
positive and negative stimuli. The results demonstrated a partial replication of the MEE, in only
one condition (with non-Caucasian participants). Overall, no MEE was found. Results also
demonstrated that participants gave positive portraits significantly higher liking ratings than
negative portraits. Response time data showed that participants rated negative stimuli
significantly faster than positive stimuli.
Overall, the results of Experiment 7 demonstrated that participants did distinguish
between neutral and negative portraits as expected. The significantly different ratings
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participants gave to the negative and positive portraits provide evidence that the materials are
working as intended, and that the liking scale is reliable.
The finding that participants respond faster to negative portraits than positive portraits
replicates the response time data of Experiments 2 and 3. As in Experiments 2 and 3, one
possible explanation for this result is that participants do not discriminate negative stimuli as
carefully when using a positive scale. The faster response time is a consequence of not
examining the stimulus as carefully or in as much detail.
The rating results of the present study only partially replicated the MEE from Experiment
4. If a MEE occurred, I would have expected participants to give higher liking ratings to portraits
pre-exposed three and nine times than to portraits that were not pre-exposed, with a potential
plateau or decline in liking ratings for portraits pre-exposed fifteen times. Although the decline
in liking ratings for portraits pre-exposed fifteen times is statistically significant, I did not see the
expected increase between portraits that were not pre-exposed and portraits that were preexposed three or nine times. Experiment 4 also found this decline between ratings for portraits
pre-exposed nine times and fifteen times. However, Experiment 4 also found an increase in
liking ratings for portraits that were pre-exposed three times and nine times compared to portraits
that were not pre-exposed. Although the effect in Experiment 4 was small, it was consistent with
what would be expected, and could be interpreted as support for the MEE. The effect in the
present experiment is smaller, and inconsistent. The present findings do provide evidence that
there is an impact of pre-exposures, but do not present compelling evidence for a MEE – it
remains unclear exactly what the effect of pre-exposures might be.
In order to follow up on this inconsistent effect and to further explore moderating
variables that may impact the MEE, I examined participant and portrait ethnicity. Results
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demonstrated that there was a MEE for non-Caucasian participants: liking ratings were
significantly higher for portraits pre-exposed nine times than those not pre-exposed. However,
the effect is quite small and only comes out in this specific case. This is not entirely surprising,
as it is in line with recent research that shows that the effect is not ubiquitous and may only occur
under specific circumstances. For example, a recent unpublished dissertation (Aimers, 2015)
only found the MEE in specific conditions (for negative, high arousal pictures, and for positive,
high arousal pictures only for high sensation-seeking participants). All three meta-analyses of the
research done on the MEE have also demonstrated that the MEE may not occur under certain
conditions – for example, with certain stimuli, using certain presentation methods, or on certain
scales (e.g., Bornstein, 1989; Stang, 1974).
Further exploring what might be driving the effect for non-Caucasian participants is an
interesting question. Although not a significant effect, it appears from the data that the effect
occurs only when non-Caucasian participants rate positive non-Caucasian photos. One
possibility is that there in an ingroup effect at work here, where ingroup portraits may seem more
familiar, more complex, or more interesting. Previous research shows that familiarity,
complexity, and interestingness may all impact the size of the MEE. It would be interesting to
examine potential ingroup-outgroup effects and interactions between participant and stimulus
ethnicity. In the current study, I was unable to do such fine-grained analyses due to a limited
number of participants and portraits of each specific ethnic group. Future research on this topic
has potential for bridging multiple areas of study.
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Chapter 7: General Discussion
The primary goal of my dissertation was to investigate the cognitive processes that
underlie holistic preference decision-making, using the MEE as a vehicle for doing so. The MEE
is one of the best-known preference decision phenomena, and my dissertation investigated the
MEE to understand preference decisions more broadly. I sought to investigate the cognitive
processing that gives rise to the effect, and test some counter-intuitive assumptions of the
hedonic fluency model (Winkielman et al., 2003) and the perceptual fluency-attribution model
(Bornstein & D’Agostino, 1992; 1994). To test these assumptions, I first needed to establish a
strong MEE. As I was not able to consistently find a MEE, my dissertation work shifted to trying
to establish the effect.
The MEE is discussed today as a fairly robust effect, though one which is impacted by a
number of moderating variables. Previous research and meta-analyses discussed in the
introduction have demonstrated that the effect occurs sometimes – under certain conditions – and
that the descriptions of the MEE in textbooks and daily life lack nuance, making the effect out to
be stronger than it is. In this context, I began my dissertation with the goal of first demonstrating
the MEE, to find a reliable and large enough effect to then investigate the assumptions of the two
contemporary models of the MEE. After my first three experiments did not successfully find a
MEE, I pivoted my dissertation research, and completed two conceptual replications of
experiments that provided detailed methods and showed evidence of large MEEs. My laboratorybased dissertation work was then interrupted by the impacts of the COVID-19 pandemic, forcing
me to pivot online. My final experiment was completed upon return to in-person research, to
replicate and extend the one experiment that found evidence of a small MEE. Despite exploring
the effect over a large variety of materials, varying numbers of pre-exposures, subliminal and
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supraliminal pre-exposures, homogeneous and heterogeneous pre-exposure presentations, and
multiple scales, the effect occurred rarely, and only under specialized conditions.
7.1: Main Contributions of the Dissertation
My dissertation work provides a number of empirical, methodological, and theoretical
contributions.
7.1.1: Empirical Contributions
The primary empirical contribution of my dissertation is solid evidence of a null effect
for the MEE across seven systematic, large-scale experiments all done in the same lab. I used
carefully chosen stimuli, methods, and experimental procedures. While past research has
examined the impact of some methodological variables, I used a large number of different
stimuli (i.e., colour/black-and-white; valenced NAPS pictures/yearbook portraits/polygons),
presented at different visual angles, supraliminally and subliminally, heterogeneously and
homogeneously, with and without a delay between pre-exposures and rating, and rated on
different scales (e.g., liking, attractiveness/repulsiveness). My experiments pre-exposed much
larger numbers of normed, controlled stimuli than past research (a total of 384 unique stimuli
across all experiments) to large numbers of participants (a total of 907 participants, 518 inperson, and 389 online). The evidence provided by my studies is reliable, using normed stimuli
from different databases in carefully controlled lab experiments. In addition, to my knowledge,
no prior MEE research has established the reliability of the ratings being used. I demonstrated
the high test-retest and inter-rater reliability of my rating scale.
One possible explanation for my null findings is that my methods were not sensitive
enough to detect the effect. However, I am confident that these are true null effects because of all
the experimental controls I used that were designed to find the effect; the results of power
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calculations demonstrating sufficient power; and the fact that my method was sensitive enough
to reveal the influence of other variables, such as stimulus valence. All experiments that used
valenced stimuli (Experiments 1-3, and 7) found an effect of valence on participants’ ratings in
line with expected valence norms. Participants appropriately provided different ratings for
positive (Exp. 1 and 7), neutral (Exp. 1-3, and 7), and negative (Exp. 1-3, and 7) pictures and
portraits on attractiveness, repulsiveness, and liking scales. Participants rated positive stimuli as
more attractive, more liked, and less repulsive than neutral stimuli, which in turn were more
attractive, more liked, and less repulsive than negative stimuli. The fact that participants
differentiated as expected between stimuli of different valences across all studies with valenced
stimuli provides evidence that the stimuli were appropriately chosen, and that the measurement
instruments were reliable to detect differences.
My experiments also had adequate power to detect MEEs. For example, for my
replication of the work by Harmon-Jones and Allen (2001) in Experiment 4, a power calculation
(G power; Faul et al., 2009), indicated that a sample of 68 was required to test the difference
between two repeated measures groups means using a small effect size (d = .18, Cohen, 1988),
for a power of .95 and alpha set at .05; my sample size was well above that at 130 participants.
Another, more likely, explanation for my null findings is that the effect does not exist
under the conditions I tested. My null findings are in line with a number of past studies that also
only found the MEE under a limited set of conditions (e.g., Newell & Shanks, 2007; Northup,
2019). For example, a recent unpublished dissertation on the MEE only found the effect in two
specific conditions, when using negative, high arousal images, or positive, high arousal images,
and then only with participants who score high on sensation-seeking (Aimers, 2015). My null
findings are also consistent with Bornstein’s (1989) meta-analysis, which demonstrated effect
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sizes of essentially zero for experiments that used certain stimuli (e.g., r=-.03 for abstract
paintings and drawings), certain numbers of pre-exposures (e.g., r=.06 for over 100 preexposures), and certain pre-exposure arrangements (e.g., r=-.02 for homogeneous preexposures). In addition, 76% of 208 studies in Bornstein’s (1989) meta-analysis reported a MEE,
whereas 10% reported a null effect, and 14% reported a novelty effect. In light of these mixed
results, it is not surprising that my dissertation work only found the MEE in certain specific
conditions. What my research contributes to the body of research is a series of seven different
experiments, all from the same lab, all completed with careful experimental controls, that further
generalize these null findings.
A second empirical contribution is that my dissertation provides a thorough review of the
research that has been done on the MEE from Zajonc’s seminal 1968 paper to the present day.
While past research and meta-analyses have tested and discussed some of the stimulus,
measurement, and presentation variables that are important, I have highlighted how the MEE
occurs only sometimes, with some stimuli, under some conditions. The literature review also
clearly identifies a gap in the literature: the lack of MEE research that has been done using
valenced stimuli (particularly negative stimuli), and using both positive and negative scales.
Examining the MEE using valenced stimuli and scales is particularly important, as it can help to
test underlying assumptions of the PFA and HFM. For example, testing the MEE using both
positive and negative scales can help distinguish whether fluency is experienced as affectively
neutral and interpreted in line with the task (as per the PFA), or whether fluency is hedonically
marked (as per the HFM).
To my knowledge, I am also the first person to replicate the valence norms of stimuli
from the NAPS database in the context of MEE research, and to establish valence norms for the
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Ginosaur et al. (2015) yearbook database. Replicating the valence norms for NAPS stimuli
provides additional evidence to corroborate these norms in a different experimental setting,
which can strengthen future researchers’ confidence in the reliability of these stimuli.
Establishing new valence norms for the yearbook database provides data on an additional aspect
of these stimuli, allowing future researchers to use the yearbook portraits in more ways. These
and other data from the dissertation can be found on the Open Science Framework at
https://osf.io/xw29m/.
7.1.2: Methodological Contributions
The primary methodological contribution is the novel method I created for ensuring that
subliminal stimuli are likely to be processed. The CR task I developed makes sure that stimuli
are displayed focally, at a screen located where subjects are fixated. The task is fun and keeps
participants’ attention engaged at the screen location where stimuli are subliminally pre-exposed
(as confirmed by participant feedback in post-experimental interviews), increasing chances that
they will pay attention through a long series of pre-exposures (e.g., 270 pre-exposures in
Experiment 4). The task is minimally cognitively demanding (as confirmed by very high
performance and brief response times), and is also measurable, providing accuracy and response
time data. In comparison, past research (e.g., Mandler et al., 1987; Seamon et al., 1984) often
pre-exposed stimuli using a tachistoscope, accompanied by an energy mask – either a blank dark
field (e.g., Mandler et al., 1987) or a blank bright screen (e.g., Seamon et al., 1984) – presented
before and after to mask the stimuli. Participants were told to look at the screen and pay attention
to “flashes” that might appear. Participants were sometimes told to look at the screen without any
ongoing task (e.g. Bornstein & D’Agostino, 1992); these experiments cannot rule out the
possibility that participants simply did not attend to the pre-exposures. In other experiments,
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participants were required to acknowledge when a flash occurred, for example by saying “yes”
or pressing a button when each flash appeared (e.g. Kunst-Wilson & Zajonc, 1980). The CR task
I developed provides a measurable, engaging method for ensuring subliminal stimuli will be
processed that can be used in future research.
A second contribution is the work and pilot testing I did to determine the necessary
conditions for subliminal pre-exposures. It was also necessary to determine pre-exposure
durations that were long enough to be perceived by participants, and were short enough to
remain subliminal (i.e., participants should not have recognition memory for the stimuli). The
latter was particularly important to consider with larger numbers of pre-exposures (e.g., 15 preexposures). The results of post-experimental interviews in Experiments 2-5 and 7 corroborated
that the 15ms pre-exposure durations used in my experiments remained both long enough to be
perceived and short enough to remain subliminal. Participants’ responses to interview questions
demonstrated that they did perceive the pre-exposures (e.g., “Different pictures were being
flashed”), but that they could not accurately identify specific pictures or portraits (e.g. “I would
believe you if you said [they changed], but I don’t remember any of them;” “They were faces or
face features but I don’t know the exact content”).
The pre-exposure duration of 15ms was chosen for several reasons, guided by practical
constraints and empirical evidence. Practically, 15ms was the lower limit of presentation possible
on the hardware and software being used for these studies; using a computer with a refresh rate
of 60-70 cycles per second results in approximately 14-16ms per refresh. Pilot testing with
programming shorter presentations demonstrated that although programmed at 5ms or 10ms, the
true presentation time of each stimulus varied between 0-30ms. Using a programmed
presentation time of 15ms maintained consistent pre-exposures of 14-16ms and reduced
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variability. In order to have shorter displays (e.g., 1-2ms), it is necessary to use specialized
equipment such as a tachistoscope.
Empirical work has shown that even using very brief pre-exposure durations of 1-2ms,
with energy masks, (e.g., Kunst-Wilson & Zajonc, 1980; Mandler et al., 1987) can elicit a MEE,
suggesting that participants are perceiving the pre-exposures even at these durations. For
example, both Kunst-Wilson and Zajonc (1980) and Mander et al. (1987) pre-exposed
participants to geometric stimuli five times for 1ms (Kunst-Wilson & Zajonc, 1980) or 2ms
(Mandler et al., 1987), and then elicited liking ratings and recognition ratings using a forcedchoice task. Results demonstrated that while recognition ratings remained no different than
chance, participants liked the pre-exposed stimulus at a level significantly greater than chance.
These results suggest that 1-2ms pre-exposures are sufficient to impact liking ratings and
produce a MEE, which strengthens the argument that 15ms pre-exposures are long enough to be
perceived.
Empirical work has also shown that longer durations up to 40ms can still remain
subliminal (Newell & Shanks, 2007). For example, across two experiments, Newell and Shanks
(2007) pre-exposed participants three times or nine times to black and white photos of people at
40ms or 400ms pre-exposures, and then elicited liking ratings and recognition ratings using a
forced-choice task. Results of their first experiment demonstrated that participants’ recognition
performance was above chance for the nine pre-exposure 40ms condition, but not for the three
pre-exposure 40ms condition. Results of their second experiment demonstrated that participants’
recognition performance was not different than chance for both 40ms conditions. A third
experiment using polygon stimuli found the same results as the first experiment. Taken together,
these results suggest that even at 40ms pre-exposures, participants’ recognition of stimuli
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remains close to chance, which strengthens the argument that 15ms pre-exposures are short
enough to be below the threshold for recognition.
7.1.3: Theoretical Contributions
My dissertation clarified the assumptions of the two contemporary models that account
for the MEE: the PFA (e.g., Bornstein & D’Agostino, 1992; 1994) and the HFM Winkielman, et
al., 2003). These two models are fairly abstract, and include concepts such as fluency of
processing; I provided further substance to these concepts by integrating them with the memory
literature, which has a better understanding of these abstract constructs. For example, I connected
the concept of change in fluency of processing with Mandler’s (1982) work on how the
integration of mental representations is changed as a result of repeated exposure to a stimulus. I
also clarified where these two models make different predictions, and highlighted methods that
can be used to test these predictions (e.g., using positive and negative scales).
My research also identified a need to modify the assumptions of both models. Both the
PFA and HFM make assumptions about how pre-exposures impact the integration of our mental
representations and how this change in integration impact preference decisions. Evidence from
perception and memory research (e.g., Merikle & Reingold, 1990) has demonstrated that preexposures to a stimulus change the fluency of processing for that stimulus. However, my work
showed that this change in fluency does not always result in a change in preference (cf.
Bornstein & D’Agostino, 1992). Further work is needed to modify the assumptions of the models
to accurately predict the conditions under which the MEE actually occurs.
7.2: Limitations
First, a potential limitation of my dissertation work stems from the highly controlled
method I used for pre-exposing subliminal stimuli in Experiments 2-5 and 7. I used an ongoing
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continuous recognition task and pre- and post-masking to subliminally pre-expose pictures and
portraits to the participants. This is a departure from previous research, which typically presented
subliminal stimuli without any ongoing tasks (e.g., Bornstein & D’Agostino, 1992; KunstWilson & Zajonc, 1980). It is possible that this methodological change impacted the way that
participants perceived the pre-exposures; for example, Fang et al. (2007) suggest that incidental
pre-exposures (e.g., a banner ad) rather than more controlled pre-exposures are critical for the
MEE to occur.
A second potential limitation of my dissertation work comes from the fact that I used
large numbers of stimuli in my experiments (e.g., 36-144 NAPS pictures; 40-200 yearbook
portraits; 120 polygons), compared to much smaller numbers in past studies (e.g. 25 polygons
and 25 yearbook portraits in Bornstein & D’Agostino, 1992). It is possible that only using a
small number of stimuli will elicit the MEE, because when participants are pre-exposed to large
numbers of stimuli, each stimulus is insufficiently individuated. This may result in more
ambiguous/less individuated mental representations for each stimulus, resulting from a build up
of proactive interference (Keppel & Underwood, 1962).
A third potential limitation comes from my experiments – the methods, stimuli, and
participants I used – not being sufficiently powerful or sensitive to detect an effect. Power
analyses demonstrated that my experiments did have sufficient statistical power based on effect
sizes from previous research. Further evidence that my methods were appropriately sensitive
comes from the valence ratings across multiple studies that demonstrate that the scales and
stimuli are working as intended, in line with normative data.
It is possible to increase confidence in the null findings by taking advantage of other
methods, such as using Bayes Factors. Performing Bayes analyses provides further statistical
134

backing for the assertion that my methods were powerful and sensitive, and provides a different
approach to my data and afforded more confidence in my null findings. In order to corroborate
that my null findings were true null findings, I ran additional Bayes analyses on Experiments 5
and 7. I chose to run the analysis on Experiment 5 as it was one of two conceptual replication
studies, and did not find an effect of pre-exposures. I chose to run the analysis on Experiment 5
as it was a replication and extension of Experiment 4, which did find an effect of pre-exposures.
The related-sample t-test Bayes factors for all paired comparisons in Experiment 5 (i.e., 0-3 preexposures, 0-9 pre-exposures, 3-9 pre-exposures, etc.) run using IBM SPSS Statistics ranged
between 5.85 and 8.86, which, according to the SPSS legend, indicate moderate evidence for the
null hypothesis. The related-sample t-test Bayes factors for all paired comparisons in Experiment
7 (with the exception of one pair) ranged between 1.21 and 11.93, which indicate mild to strong
evidence for the null hypothesis. The paired comparison for 3-15 pre-exposures of negative
portraits provided a Bayes factor of .12, which indicate moderate evidence for the alternative
hypothesis. Taken together, the Bayes factors for both experiments indicate that there is a fair
amount of evidence for true null effects.
Finally, the absence of pre-registration might also be viewed as a limitation of this
research, as it could have afforded further confidence in my findings, and would have provided
the potential for feedback on my study designs prior to completing experiments. If I started this
body of work over in today’s climate, I would have pre-registered my work after finding null
effects in Experiments 1-3.
7.3: Future Directions for Research
Given the mixed results of previous research, and the findings from my dissertation work,
it is evident that the story on the MEE is quite complex. One useful way forward would be a
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meta-analysis that focuses on the minute parametric features of studies that have successfully
produced a MEE, including visual angle, similarity within stimulus set, and others. It is however
likely that this would not be possible given the missing methodological details in many older
studies. Future work could begin with a series of parametric studies manipulating each variable
systematically to determine how it impacts the MEE. While it seems likely based on past
research that the MEE does occur under certain conditions, it is necessary to produce a large,
reliable, consistent effect before being able to further explore the underpinnings of what drives
the effect.
Important basic questions about the cognitive underpinnings of the effect remain
unanswered. Future research is needed to elucidate the nature of experiencing fluent cognitive
processing, and whether it is inherently experienced as positive (as assumed by proponents of the
HFM) or is interpreted in line with current task or environmental demands (positive (as assumed
by proponents of the PFA). For example, the potential mediating role of conscious awareness
and recognition of pre-exposures remains to be clarified. The assumptions of the PFA are based
on a number of older experiments demonstrating large MEEs with stimuli that were not
recognized (e.g., Kunst-Wilson & Zajonc, 1980). However, newer work suggests that recognized
stimuli may elicit larger effects or that recognition may in fact be necessary for the MEE to
occur. For example, Stafford and Grimes (2012) pre-exposed participants to a series of brand
logos during an Introduction to Psychology class. Participants were then given pairs of stimuli
(one that was pre-exposed, one that was new) and ask to indicate which they preferred and which
they remembered. The results demonstrated that pre-exposures enhanced preference, with a
stronger effect for stimuli that were recognized. In another study using a new technique that
allows for very controlled pre-exposure durations (continuous flash suppression), de Zilva et al.
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(2013) pre-exposed participants to photographs of faces and geometric contours subliminally and
supraliminally, and then asked them to rate pleasantness and recognition. Their results found a
MEE only for stimuli that participants recognized. These new studies provide a challenge to the
assumption that fluency is only attributed to preference or liking (that is, interpreted in line with
the task at hand) if participants are not aware of pre-exposures. Further research can clarify these
assumptions. Additionally, future meta-analyses of the MEE should consider examining the
consumer research literature for studies that are also examining the impact of pre-exposures on
liking, but are not publishing their work in Psychology journals.
Additional research is also needed to elucidate the potential impact of ingroup-outgroup
influences on the MEE. Zajonc’s (1968) seminal research on the MEE was inspired by research
examining the effects of exposure on intergroup relationships and prejudice, which showed
potential for reducing discrimination between different groups of people. Further work on how
repeated pre-exposures to stimuli depicting members of different ingroups/outgroups (e.g.,
ethnic, political, etc.) may impact liking or preference for those people may provide more insight
into the nature of intergroup relationships and prejudice, and has practical, real-world
implications. This work may also clarify the impact of different variables on finding the MEE –
for example, elucidating how the level of familiarity with a stimulus mediates the MEE for that
stimulus.
7.4. Conclusions
The typical introductory psychology textbook includes a short explanation of the mere
exposure effect that reads something like: “Repeated exposure to a stimulus promotes greater
liking of the stimulus” (Weiten & McCan, 2016). However, a thorough examination of the
literature suggests that we should teach this phenomenon with much more caution and nuance.
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Repeated exposure to a stimulus in fact only increases liking for that stimulus under a restrictive
set of conditions (e.g., certain types of stimuli under limited presentation conditions with specific
measurement scales). The research done on the mere exposure effect also leaves many questions
unanswered (e.g., what happens with negative stimuli? How do we tease apart the effects of
exposure type and delay between pre-exposure and rating?). Future research can further examine
these gaps in the literature, and future meta-analyses can statistically separate out how different
variables may influence the whether the mere exposure effect occurs, and how large the effect is.
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