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People can extract some kind of statistical information from multiple items and faces. Previous study suggest
that high-level ensemble representations (e.g., average facial expression) is independent from low-level
ensemble representations (e.g., average color). This study investigates that how precisely people can perceive
average facial expression. Participants were presented 12 faces expressing happy/angry and neutral, and asked
to judge which expression face was majority. The results indicated that although accuracy was higher when
many faces expressed the same expression, the evidence that participants perceived a precise average facial
expression was not found. In contrast, participants can perceive a precise average color when color circles were
presented. The current study suggests that ensemble representation of facial expression is not precise rather than
that of simple feature when many faces were presented in short duration.

Keywords: ensemble perception, average facial expression, happy face, angry face, average color.
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Figure 1. The timeline and conceptual diagram of experiment.O is
the target Gabor patch and Y is the salient target.
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Scenes have meaning and structure. Although these properties influence on eye movements, it has not been entirely clear yet. In this
study, we investigated eye movements for photographic images and meaningless 1/f noise images during visual search and free
viewing. The search task was to find a Gabor patch embedded in the image and the free viewing task was to view the image freely,
during which we measured saccade orientations and fixation locations. The results indicate no significant differences in saccade
orientation between the two images. On the other hand, fixations were frequently located around the vanishing point for photographic

images.

Keywords: eye movement, visual search, free viewing, attention, natural scene.
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Exploratory analysis of synesthetic colors distribution
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This study investigated distribution of synesthetic colors in the color space to understand perceptual properties of synesthetic colors.
This analysis requires a large amount of data for a single synesthete. We therefore collected large samples of data from five
synesthetes. We obtained over 1000 synesthetic colors associated with Japanese kanji characters for each of two synesthetes, and over
100 synesthetic colors for each of the other synesthetes. We then analyzed the distribution pattern of synesthetic colors in the color
space by using techniques of spatial statistics. The spatial statistical analysis revealed that synesthetic colors are concentrated in
multiple regions in the color space, that is, they form “synesthetic color clusters”. The synesthetic color clusters indicate that
synesthetic colors are not randomly decided, but specific colors preferentially become synesthetic colors for each synesthete.

Keywords: grapheme—color synesthesia, Japanese kanji characters, synesthetic colors, distribution of synesthetic colors

Introduction

Synesthesia is a neurological phenomenon in which
ordinary stimuli elicit vivid individual perceptions in
unrelated pathways, without a corresponding physical
stimulus. For example, grapheme-color synesthetes, the
most common form of synesthesia, experience
subjective colors upon viewing black characters.
Grapheme-color pairs are consistent in individuals, with
almost no change since childhood. While grapheme-
color pairs are idiosyncratic between individuals. For
example, when shown the letter “B”, one individual may
report blue, another green, and others yellow.

Previous studies have explored the several grapheme
properties that affect synesthetic grapheme-color
correspondence: visual shape similarity (Watson et al.,
2012), ordinality (positions in a grapheme sequence)
(Watson et al., 2012) and sound (Asano and Yokosawa,
2011, 2012). However, a fundamental issue has
overlooked in the literature: Can any color be a
synesthetic color for a synesthete? More explicitly, are
synesthetic colors distributed randomly in the color
space? Notably, this question cannot be answered
without collecting a large amount of data for a single
synesthete. Therefore, we collected a large number of
synesthetic colors for Japanese kanji, hiragana, katakana,
Latin letters, and Arabic numerals from each of five
synesthetes. And, we explored the pattern of distribution
of synesthetic colors in the color space.

Experiment

Participants

Five Japanese synesthete (three females: SH, AH and
MH; two males: SO and HS; age range = 18-21 years)
participated in two experiments.

Color selection experiment
Visual stimuli and Procedure

The test stimuli comprised individual black
graphemes printed centrally on a white card, called the
“character card” (127 mm x 89 mm). Character cards
included 482 kanji, 46 hiragana (&-A ), 46 katakana (7~
-), 26 Latin letters (A-Z), and 10 Arabic numerals (0-
9). The participant was asked to view a character card
and select the color(s) that best matched their perceived
synesthetic color using color chips from the Munsell
Book of Color, Matte Finish Collection.

Color matching experiment using a CRT monitor
Visual stimuli and Procedure

For the 26 Latin letters and 10 Arabic numerals, the
color coordinates (CIE L*a*b*) of each synesthetic
colors were determined by a color-matching task using a
CRT monitor. The participant was asked to adjust the
color of the displayed reference patch so that it best
matched their perceived synesthetic color of the test
character.

Analysis

The distribution of synesthetic colors was investigated
using spatial statistics analysis. Distribution patterns fall
into three general categories: random, clustered, and
uniform. We considered the distribution and the density
of synesthetic colors in an a*b* chromaticity plane to be
a 2D point pattern, and then explored which distribution
patterns the synesthetic colors exhibited. The type of the
synesthetic color’s point pattern was judged by the L-
function, computed from Ripley’s K-function, which is
defined as

K@) = E(r)/x (1)
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In the K-function, which is a function of search radius r,
E(r) is the expected number of points within radius r of
an arbitrary point. 4 is the density of points (synesthetic
colors per unit region), estimated by 4 = n /a, with n
points (synesthetic colors) in a given region a. If a point
pattern is random, the K-function becomes

K@) = mre 2)

The L-function can be computed from the K-function as

LGr) = K@) fm- 7. 3

Using this L-function, we could classify the
synesthetic color’s point pattern as being one of the three
types: random when L (r) = 0, clustered when L (r) > 0,

or uniform when L () <0.

Results and Discussion

We collected a total of 1229 (SH), 2349 (AH), 429
(SO), 325 (MH) and 191 (HS) synesthetic colors
collected, respectively. We projected the colors to the
a*b* chromaticity plane, visualizing the point pattern of
synesthetic colors (Fig. 1a, ¢). Second, we estimated the
density of the point pattern by Kernel estimation. For
two synesthetes, SH and AH, over 1000 synesthetic
colors were concentrated in multiple regions in the a*b*
chromaticity plane (Fig. 1b, d). For the other three
synesthetes, SO, MH, and HS, over 100 synesthetic
colors were concentrated in original point.

O Alphabet A Digit + Hiragana
> Katakana X Kanji
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Figure 1. (a, c) The point patterns of synesthetic colors in
the a*b* chromaticity plane for SH and AH. (b, d) The
density plot of synesthetic colors as estimated by Kernel
estimation for SH and AH. Achromatic synesthetic colors
were excluded. Color bars denote density A of the points
within a specified search distance (c = 8.46) of each point.
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Figure 2. L-function of the point pattern for the chromatic
synesthetic colors at distance r of a given point for SH and
AH. The solid black line indicates the computed L-function.
The interval between the two blue lines indicates the 95%
confidence intervals. Specifically, many spatial point
patterns (1000) randomly selected from the Munsell
renotation data can be generated under CSR and Ripley’s
K-function estimated for each one.

Finally, to confirm these synesthetic color clusters, we
analyzed the type of point pattern using the L-function.
As shown in Fig. 2, the L-function returned positive
values greater than the confidence intervals for SH and
AH. For the other three synesthetes, similar results were
obtained. This suggests that the synesthetic color
distribution was neither random nor uniform. Instead,
synesthetic colors formed multiple clusters in the color
space, that is, they form “synesthetic color clusters”.
This result corroborates a previous similar finding
(Yamamoto, 2009) in hiragana, Latin letters, and Arabic
numerals.

The synesthetic color clusters indicate that synesthetic
colors are not selected randomly from the color space,
but specific colors regularly become synesthetic colors
for each synesthete.

Conclusion

We obtained over 1000 or 100 synesthetic colors
associated with Japanese characters for each of five
synesthetes. The spatial statistical analysis revealed that
synesthetic colors are concentrated in multiple regions in
the color space (synesthetic color clusters). The clusters
indicate that synesthetic colors are regularly decided.
Therefore, clusters are important clue to investigate
regularities of grapheme-color associations.
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present (left) and absent (right) conditions.
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Figure 1. An example of stimulus presentation.
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The present study investigated whether strategies acquired response and conflict inhibition contexts affect aesthetic evaluation of task-
irrelevant stimuli. Evaluation trials were inserted after every 16th Go/Nogo trials in which stimuli were presented on left or right
locations. Participants required a motor response only when a target letter was presented. One location was inhibitory location in
which response frequency is low, whereas other location was promotional location in which response frequency is high. In evaluation
trials, a pair of attractiveness-matched faces was presented side by side. Participants determined a more attractive face. On half of
trials, they determined a more unattractive face. The results indicated that the more inhibition bias is stronger in the inhibitory location,
the more participants determined a more unattractive face which presented inhibitory location only in the judgment of more
unattractive face. The results were also replicated by using a flanker conflict trials instead of a Go/Nogo trials. In conclusion, locations
experiencing high response inhibitions and conflicts produce negative impacts on aesthetic judgments.

Keywords: distractor devaluation, inhibition, proportion congruency
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WEN T RI1TE P O FFBER RIS Value-Driven Attentional Capture
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Many previous studies report that stimuli associated with reward capture attention (value-driven attentional capture; VDAC). However,
little is known about necessary conditions for the formation of the feature-reward association in VDAC. In the present study, we took
advantage of the flexibility of the task-irrelevant VDAC paradigm and examined necessary conditions in VDAC. To this end, we
manipulated the temporal relationship among feature, response, and reward and presented features (color) associated with reward in a
variety of locations in a flanker task (learning phase). After reward learning, VDAC was tested in a subsequent visual search (test
phase). Through the five experiments, VDAC was only observed when features associated with reward were synchronized with
response selection in the task display. These results suggest that feature-response synchronization at the timing of task display is

necessary for VDAC.

Keywords: attentional capture, reward prediction, task-irrelevant stimuli, reward.
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Figure 1. Mean response time by face ages in the Happy (left panel:
A) and Sad tasks (right panel: B) as a function of level of readiness
for parenthood (Low (L) and High (H) group) and set size (2x2 and
3x3). Error bars show Standard error (SE).
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Figure. 2 (a) (b) show the results of Experiment 1 and 2,
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We analyzed 519 abstracts of original research articles published by Glyn Humphreys and his colleagues between 1978
and 2016, using Latent Dirichlet Allocation (LDA), a text-mining technique. Research topics extracted from these
abstracts using LDA were categorized into shape and grouping, object processing, word recognition, extinction and
neglect, attention, preview search, working memory, face processing and self-bias, action, action disorders, brain
functions, and cognitive assessment. The wide range of topics that we identified indicated the extensive contribution made
by Humphreys to research on perception, cognition and action. Moreover, our findings demonstrated that Humphreys
developed new hypotheses in a number of fields by using a unique combination of experimental psychology,

neuropsychology, and brain imaging techniques.
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Introduction

Glyn W. Humphreys (1954-2016) published over 500
original articles during his lifetime. His productivity and
creativity is well known. However, because of the wide
scope of his research interests, the total contribution of his
research activities has not been summarized to date. We
used a text-mining technique known as Latent Dirichlet
Allocation (LDA) to examine the distribution of topics
investigated by Humphreys’ and his colleagues, in order to
develop the groundwork for assessing the significance of
his research. In a previous study, LDA has been used to
analyze Proceedings of the National Academy of Science
abstracts, which indicated the efficiency of this technique
for extracting latent topics (Griffiths and Steyvers, 2004).

The LDA model generates a posterior distribution from
observed data, such as abstracts and articles, and lists
words that represent the latent topic structure of a
document based on the assumption that the document
comprises a mixture of latent topics that are “defined to be
a distribution over a fixed vocabulary of terms” (Blei &
Lafferty, 2009). The following two indices have been used
to identify latent themes in each topic.

Term-Score. This is an indication of the distinctiveness,
or exclusiveness, of a word within a topic. As the term
score of a word approaches one, the word appears at an
increasingly higher frequency in documents allocated to a
particular topic.

Topic distribution probability (TDP). This refers to the
topic distribution probabilities that are inferred for each
document by its posterior distribution, such that the sum of
probabilities across topics is one.

Method

studies as judged by evaluating the title and the abstract,
including book chapters, review articles, commentaries,
editorials, and replies were excluded from further analyses.
Consequently, 519 articles and their abstracts were selected
for LDA.

Each abstract was pre-processed by removing symbols,
converting conjugation to the present tense, converting
plural forms to the singular, and removing functional words.
Then, the texts of the abstracts were subjected to LDA
analysis with PLDA3 (https://code.google.com/p/plda: «
=.1, B = .01). Topic distributions were inferred for each
article based on the calculated model. Articles were
extracted for each topic if the TDP was above 0.6. The
term-scores were calculated for each topic per each word.

Results and Discussion

Searching the Pubmed and Google Scholar by the
author’s name identified 545 articles that had been
published prior to February 1, 2016. From this dataset,
articles that were not considered to be original, empirical

We applied from 2 to 20 topic models to the texts of
selected abstracts. Finally, a 12-topic model was chosen
after considering how the topics parsimoniously and
distinctively represented topic structures. Table 1 shows
term-scores for the highest 7 words classified into each
topic. It can be seen that each topic contained specific key
words that characterized the main theme of each topic.
Table 2 shows articles having a high TDP that exceeded 0.6
for each topic, or articles with the top-10 score. Each topic
was named on the basis of term-scores and on the basis of
articles that contributed mainly to the topic with a high
TDP. Topic names are shown at the top of Tables 1 and 2.
It can be seen that 123 articles (24 % of 419 articles) were
uniquely categorized into one of the 12 topics, whereas the
other 396 articles included two or more topics. As can be
seen on the right of topic names on Table 2, the number of
articles with a high TDP was different among the topics,
such that articles related to preview search were the most
common (41 articles), whereas there were no articles on
attention having a high TDP.
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Classification of articles

Shape and grouping. This is one of the first research
themes investigated in Humphreys’ laboratory. Humphreys
(1983, 1984) and Quinlan and Humphreys (1993) were
interested in shapes and their orientation, apparently
influenced by the computational approach to vision (Marr,
1982). Boutsen and Humphreys (1999) observed shape
perception in a patient named GK, who displayed
simultanagnosia caused by the Balint’s syndrome. Another
study by Montoro et al. (2011) has demonstrated the effects
of grouping factors, including item density, numbers, and
connectedness on GK. Five additional articles have
reported on perceptual grouping (Han & Humphreys, 1999,
2002; Han, Humphreys, & Chen, 1999a, 1999b;
Humphreys, Keulers, & Donnelly, 1994). Three other
studies have examined contours of objects in a patient
named HJA with visual agnosia (Boucart & Humphreys,
1992; Giersch et al.,, 2000; 2006), who displayed
difficulties in integrating the local parts that represented
complete objects (Humphreys & Riddoch, 1987). Another
article (Humphreys, Free, & Gilchrist, 1998) has reported
on grouping factors, such as collinearity and contrast
polarity of objects, and has discussed these factors from the
perspective of computational modelling.

Obiject processing. Articles classified into this topic have
reported on semantic systems for visual objects and verbal
knowledge. The experimental tasks reported in these
articles required non-clinical participants and patients to
name pictures and objects. Among these articles,
Humphreys, Riddoch, and Quinlan (1988) proposed the
highly influential cascade model of picture identification,
which has approximately 700 citations (in Google Scholar).
Moreover, two other articles have reported data on agnosic
patients (Dickerson & Humphreys, 1999; Thomas et al.,
2002).

Word recognition. This topic includes a variety of themes
related to word recognition. Studies categorized under this
topic have mainly used priming, or visual masking
paradigms to investigate verbal processing in normal
participants. In addition, two articles categorized under this
topic have reported on lexical processing using case-mixing

Table 1 Term-scores of 12 topics.
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letter strings (Humphreys, Mayall, & Cooper, 2003; Mayall
& Humphreys, 1996). Moreover, two other studies have
investigated alexic patients (Osswald, Humphreys, & Olson,
2002; Price & Humphreys, 1995).

Extinction and neglect. Only a few articles related to this
topic were identified LDA, which was considered unusual,
because it is known that a large number of articles on
extinction and neglect were published by Humphreys’
group. In fact, there were 43 articles with the word
“extinction” and 50 articles with the word “neglect” in the
abstract, whereas both words appeared in 14 abstracts. One
possible explanation of this anomaly could be that most
studies by Humphreys recruited patients with symptoms of
extinction or neglect for investigating other topics, rather
than for investigating extinction and neglect per se. As a
result, their TDP score might have been shared among
several topics.

To confirm this possibility, TDP scores were averaged
across articles to give the TDP distribution of articles that
included the words “extinction,” or “neglect” in the abstract.
Results indicated that abstracts that included “extinction”
had a high TDP score for shape and grouping, and action,
as well as for brain function, whereas abstracts that
included “neglect” had a high TDP score for action, and
brain function, as well as for cognitive assessment.
Relationships between brain function and neglect and
extinction, as well as relationships between action and
extinction and neglect are discussed below under these
particular topics. The main focus of research with patients
showing extinction in relation to shape and grouping could
have been the modulation of extinction by groping factors.
Gilchrist, Humphreys, and Riddoch (1996), and Kumada
and Humphreys (2001) are good examples of such studies.
These studies have indicated that extinction decreases as a
result of grouping, collinearity and contrast polarity of
objects, as well as stored lexical knowledge.

Attention. No articles had a TDP score over 0.6 for this
topic. Although the topic was named “attention,” because
this word had the highest term score under this topic (Table
1) and other words, with the exception of “probe,” were not
specifically related to any research theme. Therefore, it is

Shape and Object processing Word recognition Extinction and Attention Preview search
grouping neglect
shape 0.17 object 0.64 word 0.70 patient 0.45 attention 0.11 search 0.58
local 0.17 name 0.39 letter 0.46 impair 0.14 process 0.11 target 0.44
experiment  0.16 semantic 0.38 prime 0.37 deficit 0.13 test 0.08 distractor 0.34
global 0.15 picture 0.20 read 0.21 extinction 0.11 probe 0.08 preview 0.24
orientation 0.14 access 0.13 effect 0.19 report 0.10 show 0.08 item 0.22
group 0.13 model 0.13 experiment  0.13 spatial 0.09 performance 0.07 color 0.12
stimuli 0.13 knowledge 0.12 target 0.11 contralesional 0.08 group 0.07 old 0.11
Working memory Face processing Action Action disorder Brain function Cognitive
and self-bias assessment
cue 0.55 face 0.55 object 1.18 patient 0.35 left 0.23 cognitive 0.15
memory 0.27 stimuli 0.13 action 0.64 task 0.30 lesion 0.22 stroke 0.14
WM 0.27 process 0.12 response 0.15 error 0.13 neglect 0.21 test 0.11
target 0.25 response 0.12 hand 0.11 action 0.12 right 0.21 deficit 0.09
attention 0.23 facial 0.09 effect 0.11 performance 0.12 cortex 0.16 individual 0.07
effect 0.12 participant 0.08 pair 0.08 control 0.09 parietal 0.16 study 0.06
hold 0.11 pair 0.08 position 0.07 FK 0.09 temporal 0.13 score 0.05
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possible that this topic was extracted mainly based on
matches among non-technical terms.

Preview search. Following the seminal work by Watson
and Humphreys (1997) on “visual marking,” a large
number of articles has been published on the facilitation of
visual selection for items defined by temporal discontinuity.
Most of the 41 articles published by Humphreys with
Watson, Kunr, Braithwaite, Allen, Dent, and Olivers from
1997 to 2013 that were categorized into this topic have
reported advantages of previewing on visual search.
Moreover, other articles have reported different aspects of
visual search.

Working memory. All the articles under this topic have
reported investigations on attentional guidance based on
working memory. Three articles have described the use of
food cues (Higgs et al., 2012, 2015; Rutters et al., 2015).
There were 31 articles in which the phrase “working
memory” appears in the title or the abstract. We averaged
the TDP separately for each topic across these articles.
Results indicated that preview search and brain function
had higher TDP scores relative to other topics, suggesting
that Humphreys and his coworkers had investigated
working memory mainly in the context of visual search and
brain imaging.

Face processing and self-bias. Articles under this topic
have reported on configural aspects of face perception
(Boutsen & Humphreys, 2003; Boutsen et al., 2006;
Donnelly, Humphreys, & Sawyer, 1994), as well as social
aspects of face processing, such as gender categorization
(Baudouin & Humphreys, 2006a), emotional faces
(Baudouin & Humphreys, 2006b), and in-group
categorization (Cassidy, Quinn, & Humphreys, 2011;
Cassidy et al., 2014; Moradi et al., 2015). The other five
articles have reported on self-bias in normal participants

3

(Fuentes et al., 2015; Sui & Humphreys, 2015a, 2015b; Sui,
He & Humphreys, 2012; Sui, Yankouskaya, & Humphreys,
2015), which was a relatively new research theme for
Humphreys’ group. Another study that was categorized into
this topic has investigated a patient with prosopagnosia
(Baudouin & Humphreys, 2006b), whereas yet other
studies have been based on non-clinical participants.

Action. Articles classified under this topic have reported
on the effect of action on object perception, or object
selection. This was one of the original research themes
developed by Humphreys and Riddoch, and their associates.
These investigations originated from the work of Riddoch
et al. (2003), although this particular study by Riddoch et al.
was not categorized under this topic, because it had been
categorized under action (.40 of TDP), shape and grouping
(.19), and extinction and neglect (.17). Riddoch et al.
reported that interacting objects are perceptually integrated
into functional units, which facilitate the reporting of both
interacting objects, compared to non-interacting objects.
Six articles under this topic that were based on studies with
non-clinical participants (Roberts & Humphreys, 2010a;
2010b) and with patients showing visual extinction
(Humphreys et al., 2010; Riddoch et al., 2006, 2011; Wulff
& Humphreys, 2013) have extended the original ideas of
Riddoch et al. (2003). Moreover, three additional articles
have reported on the processes of response selection (Xu,
Humphreys, & Heinke, 2015; Yoon, Humphreys, &
Riddoch, 2010) using EEG measures (Kumar, Riddoch, &
Humphreys, 2013)

Action disorders. Patients with selective impairments in
conducting everyday, routine, multi-step tasks are known to
suffer from action disorganistion syndrome (ADS). ADS
has been extensively investigated by Humphreys and
associates. Eight articles have used this term in their

Table 2 Articles showing high TDP scores in each topic (Top-10 atricles are listed).

Score Authors Year Score Authors Year Score Authors Year
Shape and grouping (15 articles) Attention (0 articles) Action (9 articles)
0.93 Han, Humphreys & Chen 1999 0.77 Humphreys et al. 2010
0.89 Han & Humphreys 1999 Preview search (41 articles) 0.75 Roberts & Humphreys 2011
0.82 Han, Humphreys & Chen 1999 0.95 Watson & Humphreys 2005 0.70 Kumar, Riddoch & Humphreys 2013
0.80 Humphreys 1984 0.91 Kunar, Humphreys & Smith 2003 0.69 Roberts & Humphreys 2010
0.79 Giersch et al. 2000 0.91 Braithwaite et al. 2010 0.68 Xu, Humphreys & Heinke 2015
0.73 Boucart & Humphreys 1992 0.88 Braithwaite et al. 2010 0.67 Wulff & Humphreys 2013
0.72 Humphreys 1983 0.85 Kunar et al. 2003 0.63 Riddoch et al. 2006
0.71 Boutsen & Humphreys 1999 0.85 Kunar & Humphreys 2006 0.63 Yoon, Humphreys & Riddoch 2010
0.70 Humphreys, Keulers & Donnelly 1994 0.84 Braithwaite et al. 2005 0.62 Riddoch et al. 2011
0.69 Humphreys, Free & Gilchrist 1998 0.83 Kunar et al. 2003

0.82 Humphreys, Olivers & Braithwaite 2006 Action disorder (4 articles)
Object processing (5 articles) 0.82 Braithwaite, Humphreys & Hodsoll 2004 0.72 Humphreys & Forde 1998
0.86 Humphreys, Riddoch & Quinlan 1988 0.70 Morady & Humphreys 2008
0.63 Thomas et al. 2002 Working memory (10 articles) 0.70 Forde, Humphreys & Remoundou 2004
0.63 Dickerson & Humphreys 1999 0.80 Rultters et al. 2015 0.62 Woodcock, Oliver & Humphreys 2009
0.63 Lloyd-Jones & Humphreys 1997 0.78 Higgs et al. 2015 0.60 Forde & Humphreys 2002
0.61 Yoon, Humphreys & Riddoch 2005 0.75 Soto et al. 2010

0.75 Higgs et al. 2012 Brain function (7 articles)
Word recognition (12 articles) 0.71 Kumar, Soto & Humphreys 2009 0.84 Chechlacz et al. 2010
0.79 Humphreys, Evett & Quinlan 1990 0.70 Heetal 2014 0.78 Chechlacz et al. 2013
0.74 Humphreys, Besner & Quinlan 1988 0.69 Hernandez, Costa & Humphreys 2010 0.75 Chechlacz, Rotshtein & Humphreys 2014
0.73 Humphreys & Olson 2001 0.66 Tsvetanov, Arvanitis & Humphreys 2012 0.68 Praamstra, Boutsen & Humphreys 2005
0.70 Ferrand, Segui & Humphreys 1997 0.65 Soto et al. 2005 0.66 Chechlacz, Rotshtein & Humphreys 2012
0.69 Verstaen et al. 1995 0.61 Soto & Humphreys 2007 0.66 Chechlacz et al. 2012
0.66 Osswald, Humphreys & Olson 2002 0.65 Roberts et al. 2012
0.65 Humphreys, Mayall & Cooper 2003 Face processing and self-bias (13 articles)
0.64 Humphreys, Evett & Taylor 1982 0.91 Cassidy, Quinn & Humphreys 2011 Cognitive assessment (7 articles)
0.64 Shalev, Mevorach & Humphreys 2008 0.79 Cassidy et al. 2014 0.73 Massa et al. 2015
0.62 Mayall & Humphreys 1996 0.73 Sui & Humphreys 2015 0.70 Demeyere et al. 2015

0.72 Sui, He & Humphreys 2012 0.65 Bickerton et al. 2015
Extinction and neglect (4 articles) 0.71 Sui & Humphreys 2015 0.63 Panetal. 2015
0.78 Punt, Riddoch & Humphreys 2013 0.69 Moradi et al. 2015 0.63 Demeyere et al. 2015
0.68 Punt, Riddoch & Humphreys 2005 0.69 Boutsen & Humphreys 2003 0.62 Bickerton et al. 2011
0.63 Demeyere & Humphreys 2007 0.67 Baudouin & Humphreys 2006 0.60 Bickerton et al. 2012
0.62 Kitadono & Humphreys 2009 0.66 Fuentes et al. 2015

0.64 Sui, Yankouskaya & Humphreys 2015
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abstract, however, four articles were not listed under this
topic. Among these, as can be see in Table 1, three articles
in which a patient known as FK participated had a high
TDP score for this topic (.51-.59). One article that
investigated task-switching deficits in children with the
Prader-Willi syndrome (PWS) was also categorized into
this topic, because ysexecutive functioning is known to be a
characteristic of PWS.

Brain functions. Six articles on this topic have reported
on studies investigating the neural substrate of brain
functions using the lesion-symptom mapping method (VBA
and/or VLSM) in patients with spatial neglect, visual
extinction and/or simulatanagnosia. These studies have
been conducted by Chechlacz and Humphreys, and their
colleagues and included one meta-analysis of lesion-
symptom mapping studies of spatial neglect (Chechlacz,
Rotshtein, & Humphreys, 2012). Another study conducted
with non-clinical participants has reported on the EEG in
spatial attention and motor intention (Praamstra, Boutsen,
& Humphreys, 2005).

Cognitive assessment. The final topic was not related to
original research on cognitive mechanisms, but rather
related to studies conducted to establish norms for
understanding the cognitive status of patients. These
included five articles on the Birmingham Cognitive Screen
(BCoS), and two articles on the Oxford Cognitive Screen
(OCS).

Conclusion
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Images of holes that are clustered together in a pattern often elicit negative emotion, such as discomfort or fear (trypophobia). Cole
and Wilkins (2013) demonstrated that such trypophobic images contained excess energy at a particular range of spatial frequencies
and claimed the unique characteristics caused discomfort. In the present study, we examined whether the characteristics of power
spectrum of trypophobic images would affect unconscious perception by using continuous flash suppression (CFS). In the CFS
displays, the trypophobic images emerged into awareness faster than neutral, fear, happy images did. The reaction times were
correlated with energy at midrange spatial frequencies in all types of images. However, the phase-scrambled versions of the
trypophobic images did not show any difference between the image types. These results suggest that unconscious processing was
affected by the power spectrum characteristics and other aspects of the trypophobic images.

Keywords: trypophobia, unconscious, continuous flash suppression.
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Figure 1. Images and experimental trials are illustrated. Upper 3
frames depict participants’ perception through the mirror stereoscope
and lower 3 frames depict images presented on the display.
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Figure 1. Examples of the stimuli: (a) normal image, (b) inverted
image, (c) transposed image, and (d) partially occluded images.
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