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Abstract 
When faced with a novel food, multisensory information that includes appearance and smell is a very 
important cue for preference, categorization, and the decision of whether or not to eat it. We elucidated 
whether olfactory information leads to biased visual categorization of and preference for fruits, even when 
odors are presented subliminally. We employed morphed images of strawberries and tomatoes combined with 
their corresponding odorants as stimuli. Participants were asked to categorize the images into either of two 
categories, to evaluate their preference for each visual image, and to judge the presence/absence of the odor. 
Results demonstrated that visual categorization was not affected by the odor manipulation; however, 
preference for uncategorizable images increased when odors were presented regardless of the participant’s 
awareness of the odor. Our findings suggest that visual preference for novel fruits is based on both conscious 
and unconscious olfactory processing regarding edibility. 

 
Introduction 
  Humans are omnivores. Omnivores can adapt 
to dynamic and diverse environments by eating 
highly diversified foods. In a natural environment, 
the availability of food sources alters depending 
on seasons and habitats. For example, brown 
bears primarily eat insects and herbs in the 
summer months but eat nuts in the autumn 
months to adapt to the season-based changes in 
food sources. However, one limitation to being 
an omnivore is the risk of accidental ingestion of 
harmful foods, especially when a food is novel. 
Food neophobia is an ingestion-avoidance 
response toward novel foods, and is considered to 
be characteristic of omnivores such as humans 
(Pliner & Salvy, 2006). Food neophobia is 
deemed to serve a protective function to prevent 
the ingestion of potentially harmful foods by 
evoking negative emotional reactions to 
unfamiliar foods. Humans use multisensory 
information, such as appearance and smell, to 
prevent themselves from ingesting potentially 
harmful foods. 
  Vision and olfaction interact with each other. 
So far, many previous studies have reported that 
olfactory processing is affected by visual 
information (e.g., DuBose, Cardello, & Maller, 
1980; Garber, Hyatt & Starr 2000; Gottfried & 
Dolan, 2003; Morrot, Brochet, & Dubourdieu, 
2001; Stillman, 1993; Zellner, Bartoli, & Eckard, 
1991; Zellner & Kautz, 1990; for a review see 
Spence, Levitan, Shankar, & Zampini, 2010). 
Recently, it has also been found that olfactory 
information affects visual processing. For 
example, olfactory information corresponding to 
a visual object influences visual attention in 
space (Seo, Roidl, Müller, & Negoias, 2010) and 
time (Robinson, Mattingley, & Reinhard, 2013). 
Likewise, in a binocular rivalry situation, visual 
stimuli corresponding to odor information 

becomes perceptually dominant for a relatively 
longer time, based on the nostril-visual field 
correspondence (Zhou, Zhang, Chen, Wang, & 
Chen, 2012). Furthermore, a subliminally 
presented cleaner scent induces faster 
identification of cleaning-related words (Holland, 
Hendriks, & Aarts, 2005). Moreover, infants 
looked for a longer time at an object when an 
odor stimulus corresponding to the object was 
presented (Wada, Inada, Yang, Kunieda, Masuda, 
Kimura et al., 2012). These previous studies 
commonly suggest that the categorical 
consistency between visual and olfactory 
information is key to increasing the saliency of, 
preference for, or associated representations of 
visual objects. However, it is still unclear 
whether olfactory information induces a shift of 
visual categorization judgment, and whether 
enhancement of categorization caused by 
olfactory information bias is a necessary 
component of enhancement of visual preference 
caused by olfaction. 
  Here, we investigated whether olfactory 
information modulates categorization of visual 
objects, and whether the preference for visual 
objects that correspond to olfactory information 
stems from the categorization bias. In addition, 
we aimed to elucidate these issues by using 
perceptible and imperceptible odor stimuli 
because previous studies have shown that 
olfactory information modulates human cognition 
and behavior even when the odor stimuli are 
presented subliminally (Holland et al., 2005; Li, 
Moallem, Paller, & Gottfried, 2007; Seigneuric, 
Durand, Jiang, Baudouin, & Schaal, 2010). This 
experimental condition will help clarify at what 
stage in mental processing the visual-olfactory 
interaction occurs. 
  Visual stimuli with a multilevel categorical 
ambiguity are necessary in order to examine a 

This is a post-print 
version of the article 
published at Appetite 
2014; 81: 102-107 
Original link: 
http://www.sciencedirect
.com/science/article/pii/
S0195666314002463 
 
Correspondence to: 
Yuki Yamada, Faculty 
of Arts and Science, 
Kyushu University, 
744 Motooka, Nishi-ku, 
Fukuoka, 819-0395, 
Japan 
yamadayuk@gmail.com 
 
 



 

Yamada, Sasaki, Kunieda, & Wada (2014) 

visual categorization bias. Therefore, we 
employed 11-step morphed images generated by 
superimposing photos of a strawberry and a 
tomato (Yamada, Kawabe, & Ihaya, 2012). 
Yamada et al. found that observers disliked fruit 
images with ambiguous categorical information. 
Furthermore, they reported that participants with 
high food neophobia produced lower scores for 
eatability and preference for novel fruit than 
those with low food neophobia. They claimed 
that this aversive reaction was due to a 
mechanism for avoiding the risk of ingesting 
strange foods. 
  In their study, Yamada et al. (2012) 
manipulated only visual information using 
morphed images, but the effect of additional 
information from other modalities on visual 
categorization has been examined using a 
two-alternative forced choice (2AFC) for 
morphed images (de Gelder & Vroomen, 2000). 
In this paradigm, it can be assumed that the effect 
of other modalities becomes prominent for the 
most ambiguous stimulus, in which visual 
information is less reliable. In the present study, 
we presented the same visual stimuli used in 
Yamada et al. to participants, and simultaneously 
presented a strawberry or tomato odor in the 
background at a subliminal or supraliminal level. 
Participants were asked to categorize the images 
into one of two categories (strawberry or tomato). 
If visual categorization were biased by the 
background olfactory information, the point of 
subjective equality (PSE) of categorization would 
shift in the direction of the corresponding 
category. Conversely, if a visual preference 
enhancement occurred, as in previous studies, 
independently of categorization enhancement, 
categorization bias would not occur in the present 
experiment but a preference shift would be 
observed. 
  We also measured participants’ preferences for 
the morphed images. If olfactory enhancement of 
visual preference were due to the enhancement of 
categorization by overlapping multisensory 
information, an increment of preference would 
occur in visual objects that were moderately hard 
to categorize but that corresponded to the 
olfactory category, but not in a visual object at 
the PSE, which would appear novel to 
participants. If odors of fruits without a strict 
categorical correspondence between vision and 
olfaction generally increased the “foodness” of 
the uncategorizable objects, we could expect that 
a preference increment of the morphed images at 
and around the PSE would occur. 
   
 

Materials and Methods 
  Participants. Fifty-six graduate and 
undergraduate students attending Kyushu 
University participated in the experiment. The 
participants were unaware of the purpose of the 
experiment and all reported that they had normal 
olfaction and vision. The experiment was 
conducted according to the principles laid down 
in the Helsinki Declaration. Written informed 
consent was obtained from all participants after 
the nature and possible consequences of the study 
were explained to them. The ethical committees 
of Kyushu University and the National Food 
Research Institute approved the protocol. In a 
pre-experiment screening, three participants were 
excluded from the experiment because they 
disliked strawberries or tomatoes. In a 
post-experiment screening, another three 
participants were excluded because they 
explicitly perceived the odor in the subliminal 
condition or could not perceive the odor in the 
supraliminal condition. Ten participants were 
randomly assigned to each of the five conditions: 
subliminal-strawberry (2 males, mean age ± SEM 
= 21.5 ± 0.48 years), subliminal-tomato (2 males, 
24.4 ± 1.53 years), supraliminal-strawberry (2 
males, 24.3 ± 1.52 years), supraliminal-tomato (4 
males, 22.2 ± 1.08 years), and odorless 
conditions (6 males, 22.8 ± 0.59 years), which 
are described below. 
  Apparatus and Stimuli. The stimuli were 
presented on a 19-in. CRT monitor (RDF193H; 
Mitsubishi, Japan) with a resolution of 1024 x 
768 pixels, and a refresh rate of 100 Hz. The 
presentation of stimuli and the collection of data 
were controlled using a computer (Mac Pro; 
Apple, CA, USA). The visual stimuli were 
generated by Matlab with a Psychtoolbox 
extension (Brainard, 1997; Pelli, 1997). 
  Visual stimuli consisted of a fixation point, 
command cursors for rating, and images made up 
of morphed photographs of tomatoes and 
strawberries (Figure 1). Stimuli were presented at 
a viewing distance of 40 cm. The fixation point 
was composed of two concentric rings, one small 
and one large, with radii of 0.24° and 0.47° in 
visual angle, respectively. The luminance of each 
ring was 91.0 cd/m2. The command cursors were 
white boxes surrounding each rating value (0.95 
× 1.89°; 91.0 cd/m2) and the selected box was 
filled in white. We employed color pictures 
(12.1° × 12.1°) of a tomato and a strawberry. We 
generated 11 equally stepped morphed images 
with tomato percentages ranging from 0% to 
100%. Each stimulus was displayed on a gray 
background (43.5 cd/m2). 
  Odor stimuli were water solutions of 
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strawberry and tomato odorants. These odorants 
were used in Wada et al. (2012) and, although the 
tomato odor was more difficult to categorize then 
the strawberry odor in the pilot experiment, the 
previous study has confirmed that most adults 
can successfully identify the olfactory categories 
of the odorants. In the subliminal condition of the 
present study, a 0.015% water solution was 
diffused by means of an aroma diffuser (CCP Co., 
Ltd., Tokyo, Japan). In the supraliminal condition, 
a 0.2% water solution was diffused. A divider 
plate was installed beside the computer. The 
diffuser was set behind the plate and out of sight 
of participants. Diffusion of the water solution 
began one to two hours before the experiment 
and continued until the end of the experiment. 
  Procedure. The experiment was conducted in a 
darkened room. Each participant’s visual field 
was fixed using a chinrest. The experiment 
consisted of two task blocks: a categorization 
task and an evaluation task. The order of the 
blocks was counterbalanced across the 
participants. 
  Participants initiated each trial by pressing the 
spacebar on a computer keyboard. The fixation 
point was presented throughout the experiment 
whenever there was no image on-screen. For 
each trial in the categorization task, after a delay 
of a random duration between 800 and 1200 ms, 
a morphed image was presented and remained on 
the screen until a response was made. The 
participant’s task was to categorize the morphed 
image as either of two categories (i.e., strawberry 
or tomato) by pressing assigned keys as quickly 
as possible while maintaining accuracy. Each 
participant performed 220 trials (20 repetitions of 
11 images). The trial order was randomized for 
each participant. 
  For each trial in the evaluation task, after a 
delay of 500 ms a morphed image was presented 
and remained on the screen until an evaluation 
was made. The participants were asked to 
evaluate their preference for each image using a 
7-point scale ranging from -3 (strongly not 
prefer) to 3 (strongly prefer) using selection keys 
and a decision key. Rapid responses were not 
encouraged. Each participant performed 11 trials 

(1 series of 11 images). The trial order was 
randomized for each participant. 
  After the experimental blocks, participants 
were asked whether they were aware of the odor 
and of the influence of the odor on their 
performance (Holland et al., 2005). The 
post-experimental interview showed that none of 
the participants were aware of the odor in the 
subliminal conditions and all the participants 
were aware of and identified the odor in the 
supraliminal conditions. 
 
Results 
Categorization 
  The results of the categorization task are 
shown in Figure 2. The proportion of the trials in 
which the image was judged as a tomato was the 
subject of the analysis here. A two-way mixed 
between-within participants analysis of variance 
(ANOVA) performed on “proportion of tomato” 
with odor type (subliminal-strawberry, 
subliminal-tomato, supraliminal-strawberry, 
supraliminal-tomato, and odorless) as a 
between-participants factor and tomato 
percentage as a within-participant factor revealed 
a significant main effect of tomato percentage, 
F(10, 450) = 861.91, p < .0001, prep = .997, ηp

2 
= .95 (Figure 2a). Neither a main effect of the 
odor type, F(4, 45) = 0.38, p = .8253, prep = .562, 
ηp

2 = .03, nor the interaction, F(40, 450) = 0.83, p 
= .7636, prep = .584, ηp

2 = .07, was significant. 
Furthermore, we calculated the PSE (Mean ± 
SEM = 63.6 ± 0.95%) for each participant by 
fitting a cumulative Gaussian function to 
proportion of tomato as a function of the tomato 
percentage (Figure 2b). The mean R2 was .986, 
suggesting a high goodness of fit. A one-way 
between-participants ANOVA on PSE with the 
odor type as a factor showed no significant main 
effect, F(4, 45) = 0.30, p = .8741, prep = .545, ηp

2 
= .03. 
  We also analyzed reaction time data for the 
categorization task (Figure 2c). A two-way 
mixed between-within participants ANOVA 
performed on log-transformed “reaction time” 
with odor type as a between-participants factor 
and tomato percentage as a within-participant 
factor revealed a significant main effect of 
tomato percentage, F(10, 450) = 32.66, p < .0001, 
prep = .997, ηp

2 = .42. Neither a main effect of 
odor type, F(4, 45) = 1.36, p = .2621, prep = .786, 
ηp

2 = .11, nor the interaction, F(40, 450) = 0.74, p 
= .8756, prep = .544, ηp

2 = .06, was significant. 
 
Evaluation 
  The results of the evaluation task are shown in 
Figure 3. A two-way mixed ANOVA on 

Figure 1. Examples of visual stimuli used in this study. 

Tomato proportion
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preference score was also performed and showed 
main effects of odor type, F(4, 45) = 3.75, p 
= .0102, prep = .965, ηp

2 = .25, and that tomato 
percentage, F(10, 450) = 75.89, p < .0001, prep 
= .997, ηp

2 = .63, and the interaction, F(40, 450) 
= 1.80, p = .0027, prep = .983, ηp

2 = .14, were 
significant. Post-hoc tests showed significant 
simple-main effects in the 40%, 50%, 70%, and 
90% conditions, F(4, 495) = 5.62, p = .0002, F(4, 
495) = 3.84, p = .0044, F(4, 495) = 6.13, p 
= .0001, F(4, 495) = 5.41, p = .0003, respectively. 
Multiple comparisons using the 
Ryan-Einot-Gabriel-Welsch multiple range test 
(Ryan, 1960) revealed that the preference score 
for the odorless condition was significantly lower 
than that for the other four conditions in the 40% 
morphing image. In the 50% image, the 

preference score for the odorless condition was 
significantly lower than that for the 
subliminal-strawberry condition. In the 70% 
image, the preference scores for the subliminal- 
and supraliminal-tomato conditions were 
significantly higher than those for the 
subliminal-strawberry and odorless conditions. 
Lastly, in the 90% image the preference scores 
for the subliminal- and supraliminal-tomato 
conditions were significantly higher than those 
for the odorless condition, and the preference 
score for the subliminal-tomato condition was 
significantly higher than that for the subliminal 
strawberry condition. 
 
Discussion 
  The results indicate that the olfactory 

Figure 2. Results of the categorization task. (a) Proportions of tomato responses as a function of tomato percentages for each odor type. Error bars denote 
the standard errors of the mean. (b) Mean PSEs in each odor type. Error bars denote 95% confidence intervals. (c) Mean reaction time as a function of 
tomato percentages for each odor type. Error bars denote the standard errors of the mean. The colored zone in the graph indicates a 95% confidence 
interval for PSEs between the upper limit of a condition showing the maximum value and the lower limit of a condition showing the minimum value. 
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information did not affect visual categorization, 
whereas odors of fruits enhanced visual 
preference for novel fruit generated by the 
morphing of strawberry and tomato. This fact 
suggests that olfactory bias for visual preference 
is not caused by olfactory enhancement of visual 
categorization, but rather by olfactory 
information from a familiar smell which relays a 
message related to edibility or “foodness,” which 
might reduce neophobia towards a food with a 
novel appearance even if odors are presented at a 
subliminal level. Given previous findings that 
have shown the effects of olfactory information 
on visual processing (e.g., Holland et al., 2005), 
it seems possible that visual categorization would 
be biased by background olfactory information, 
that is, the PSE of categorization would shift in 
the direction of the corresponding category. 
However, our study implies that this hypothesis 
is not true. 
  There is also the possibility that the lack of 
significant effect of olfactory information on 
visual categorization might be due to the 
repetitive presentation of the images. Over the 
experimental session, participants may realize or 
assume the purpose of the experiment or they 
may become familiar with the images, thereby 
resulting in a ceiling effect during the task. This 
may reduce the effect of congruent odors on the 
visual categorization task in the present study. 

However, a previous study that used multimodal 
stimuli and employed a 2AFC task similar to the 
present study also presented visual stimuli 
repeatedly (de Gelder et al., 2000). The 
researchers observed obvious multimodal effects 
even when they presented each image six times. 
This fact suggests that multimodal interactions 
could be detected during a 2AFC task with 
repetitive presentation of visual images, at least 
in their study. The present study presented each 
image 20 times: This may seem highly repetitive, 
and raises the question of whether the number of 
repetitions matters. We used categorization data 
from only the first five repetitions (smaller than 
the number of repetition in de Gelder et al.) and 
submitted it to a two-way mixed ANOVA similar 
to the one used in the main analysis. The results 
showed no significant interaction between odor 
types and tomato percentage, F(40, 450) = 0.79, 
p = .8254, prep = .562, ηp

2 = .07, as in the main 
results. Thus, it is plausible that repetitive 
presentation was not critical in the present study 
and that olfactory information had little or no 
effect on visual categorization. 
  Olfactory information, however, did affect 
preference for the fruits regardless of the 
subjects’ awareness of the odors. Specifically, the 
strawberry odor boosted preference for morphed 
images that were categorized as strawberries. 
Likewise, the tomato odor increased preference 

Figure 3. Results of the evaluation task. The results of (a) subliminal and (b) supraliminal conditions are shown separately for visibility. Error bars denote the 
standard errors of the mean. 
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for morphed images around the PSE. That is, 
olfactory information increased preference only 
for uncategorizable images, not for all images, 
suggesting that olfactory information is utilized 
only for evaluation of uncategorizable fruits. 
However, it must be noted that categorizable 
images (e.g., 0% and 100%) were evaluated with 
almost maximum scores, and hence it was also 
possible that the results were due to a ceiling 
effect: Further experimentation with more 
appropriate categories or rating methods are 
deemed necessary to resolve this issue. 
  In addition, the tomato odor also increased 
preference for images with high strawberry 
percentages (e.g., 40%). This may be because of 
the scarcity of a categorical uniformity of the 
tomato odor (Wada et al., 2012). In daily life, we 
experience the tomato odor via a broad range of 
dishes, in which the appearance of tomatoes is 
substantially changed, and thus the tomato odor 
increases preference not only for tomato-like 
foods, but also for uncategorizable foods. On the 
other hand, the strawberry odor may be relatively 
uniformly categorized into strawberry, because 
strawberries are often eaten as is. Note, however, 
that the previous study explicitly tested this issue. 
In their pilot study, Wada et al. asked 31 adults to 
freely sniff the two odorants, which are the same 
as the ones used in the present study, and to 
freely name them. The researchers found that the 
tomato odor was difficult for participants to 
categorize relative to the strawberry odor, but 
that the categorization performance for the 
tomato odor was significantly correct nonetheless. 
Thus, it is still unclear whether vague, difficult to 
categorize fruit or food odors could induce the 
preference effects found in the present study. It 
would be interesting to explore whether a fruit 
odor unrelated to the visual category (e.g., 
banana odor with tomato visual) or a very vague 
but clearly food-like odor could produce the 
preference effect. 
  The present results provide evidence that 
allows the inference of an internal mechanism 
regarding food preference. Previous studies have 
claimed that negative responses for 
uncategorizable objects are based on a 
stranger-avoidance mechanism (Yamada et al., 
2012; Yamada, Kawabe, & Ihaya, 2013). This 
explanation is based on the assumption that the 
cognitive system elicits negative reactions to an 
uncategorizable, unknown object in order to 
avoid negative repercussions. Totally 
uncategorizable objects are rarely found in nature, 
so this strategy is plausible for omnivores to 
adapt to a dynamic and diverse environment (e.g., 
it prevents “over-avoidance”). In food research, it 

might closely relate to food neophobia (Pliner & 
Salvy, 2006). The present experiment has 
replicated stranger-avoidance reactions to 
uncategorizable objects. More importantly, the 
findings suggest that stranger-avoidance 
reactions could be diminished with additional 
information. It is unlikely that specific 
categorical information involved in the 
strawberry and tomato odors helped to reduce the 
visual strangeness of the objects, because these 
odors did not affect the performance of visual 
categorization at all. Conversely, it is possible 
that the odors added the categorical information 
of “food”, thereby increasing the perceived 
edibility of (and thus preference for) the objects. 
Furthermore, the results of the subliminal 
conditions suggest that this process also works 
unconsciously. It has been repeatedly reported 
that emotional processing operates unconsciously 
(Ghuman & Bar, 2006; Murphy & Zajonc, 1993; 
Sweeny, Grabowecky, Suzuki, & Paller, 2009; 
Yamada & Kawabe, 2011; for a review see 
Tsuchiya & Adolphs, 2007). The effect of odors 
on visual processing has also been found in a 
subliminal odor presentation experiment 
(Holland et al., 2005). Consistent with these 
previous findings, the present study suggests that 
human food preferences are based on an 
unconscious process as well as a conscious 
process of integrating categorical information 
from multiple modalities. 
  Another possible explanation is based on 
processing fluency. One can argue that food 
information from multiple modalities (i.e., vision 
and olfaction) can induce more positive affective 
responses than that from a single modality (i.e., 
vision only). A previous study suggested that 
more information gives observers more pleasure 
(Biederman & Vessel, 2006). Higher processing 
fluency for the fruits may be yielded by more 
information from multiple modalities (e.g., Zhou 
et al., 2012), thereby eliciting more positive 
responses (Reber, Winkielman, & Schwarz, 
1998). Is this the case? To clarify this issue, we 
analysed reaction time data for the categorization 
task. The fluency-based explanation predicts that 
reaction time for categorization would be reduced 
when the visual and olfactory categories were 
congruent. However, there was neither a main 
effect of odor type nor significant interaction 
between odor type and tomato percentage. These 
results are very important because the evidence 
suggests that a fluency-based explanation of the 
present findings is unlikely. That is, the odors did 
not affect processing fluency. However, a 
categorization-based mechanism would be 
plausible. 
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  Furthermore, one might argue that the present 
findings were a by-product of an artifact in which 
participants intentionally biased their responses 
so as to increase evaluation for images 
categorically similar to background odors. 
However, this possibility is not plausible because 
the effect of odors was also found in the 
subliminal conditions. In these conditions, 
participants could not detect the odors, and hence 
they could not intentionally bias their responses 
toward the category of the background odor. 
Moreover, this intention-based hypothesis cannot 
explain why the effect of odors was found only in 
the evaluation task. The intention-based 
hypothesis predicts that the effect of odors also 
occurs in the categorization task. However, the 
background odors did not affect participants’ 
categorization performance at all. In addition, in 
the post-experimental interview, no participants 
answered that their task performance was 
affected by odors during the experiment. 
Therefore, the possibility of that kind of artifact 
was successfully ruled out. 
 
Conclusion 
  In summary, the present study aimed to clarify 
the effect of subliminal and supraliminal odors of 
strawberry and tomato on visual categorization 
and evaluation of fruits. We found that the odors 
did not affect categorization but affected 
preference for fruit images regardless of the 
participants’ awareness of the odors. A 
categorization-based mechanism was proposed as 
underpinning the present findings. Here, we have 
provided compelling evidence that additional 
information both subliminally and supraliminally 
provided through modalities other than the 
task-related modality influences object 
evaluation. 
 
Acknowledgements 
  This research was supported by the KAKENHI 
(Grant-in-Aid for Scientific Research) 
Application Encouragement Program awarded to 
YY and the Grant-in-Aid for Scientific Research 
on Innovative Areas (25135735) awarded to YW. 
 
References 
Biederman, I., & Vessel, E. (2006). Perceptual 

pleasure and the brain: A novel theory explains 
why the brain craves information and seeks it 
through the senses. American Scientist, 94, 
247-253. 

Brainard, D. H. (1997). The psychophysics toolbox. 
Spatial Vision, 10, 433-436. 

de Gelder, B., & Vroomen, J. (2000). The perception 
of emotions by ear and by eye. Cognition & 
Emotion, 14, 289-311. 

DuBose, C. N., Cardello, A. V., & Maller, O. (1980). 
Effects of colorants and flavorants on identification, 
perceived flavor intensity, and hedonic quality of 
fruit- flavored beverage and cake. Journal of Food 
Science, 45, 1393-1415. 

Garber, L. L., Jr, Hyatt, E. M., & Starr, R. G., Jr. 
(2000). The effects of food color on perceived 
flavor. Journal of Marketing Theory and Practice, 
8, 59-72. 

Ghuman, A. S., & Bar, M. (2006). The influence of 
non remembered affective associations on 
preference. Emotion, 6, 215-223. 

Gottfried, J. A., & Dolan, R. J. (2003). The nose smells 
what the eye sees: Crossmodal visual facilitation of 
human olfactory perception. Neuron, 39, 375-386. 

Holland, R. W., Hendriks, M., & Aarts, H. (2005). 
Smells like clean spirit: Nonconscious effects of 
scent on cognition and behavior. Psychological 
Science, 16, 689-693. 

Li, W., Moallem, I., Paller, K. A., & Gottfried, J. A. 
(2007). Subliminal smells can guide social 
preferences. Psychological Science, 18, 1044-1049. 

Morrot, G., Brochet, F., & Dubourdieu, D. (2001). The 
color of odors. Brain and Language, 79, 309-320. 

Murphy, S. T., & Zajonc, R. B. (1993). Affect, 
cognition, and awareness: Affective priming with 
optimal and suboptimal stimulus exposures. 
Journal of Personality and Social Psychology, 64, 
723-739. 

Pelli, D. G. (1997). The VideoToolbox software for 
visual psychophysics: Transforming numbers into 
movies. Spatial Vision, 10, 437-442. 

Pliner, P., & Salvy, S.-J. (2006). Food neophobia in 
humans. In R. Shepherd & M. Raats (Eds.), 
Psychology of food choice (pp. 75- 92). 
Wallingford: CABI Publishing. 

Reber, R., Winkielman, P., & Schwarz, N. (1998). 
Effects of perceptual fluency on affective 
judgments. Psychological Science, 9, 45-48. 

Robinson, A. K., Mattingley, J. B., & Reinhard, J. 
(2013). Odors enhance the salience of matching 
images during the attentional blink. Frontiers in 
Integrative Neuroscience, 7:77. doi: 
10.3389/fnint.2013.00077 

Ryan, T. A. (1960). Significance tests for multiple 
comparison of proportions, variances, and other 
statistics. Psychological Bulletin, 57, 318-328. 

Seigneuric, A., Durand, K., Jiang, T., Baudouin, Y., & 
Schaal, B. (2010). The nose tells it to the eyes. 
Crossmodal associations between olfaction and 
vision. Perception, 39, 1541-1554. 

Seo, H.-S., Roidl, E., Müller, F., & Negoias, S. (2010). 
Odors enhance visual attention to congruent 
objects. Appetite, 54, 544-549. 

Spence, C., Levitan, C. A., Shankar, M. U., & Zampini, 
M. (2010). Does food color influence taste and 
flavor perception in humans? Chemosensory 
Perception, 3, 68-84. 

Stillman, J. (1993). Color influences flavor 
identification in fruit-flavored beverages. Journal 
of Food Science, 58, 810-812. 

Sweeny, T. D., Grabowecky, M., Suzuki, S., & Paller, 
K. A. (2009). Long-lasting effects of subliminal 
affective priming from facial expressions. 
Consciousness and Cognition, 18, 929-938. 

Tsuchiya, N., & Adolphs, R. (2007). Emotion and 
consciousness. Trends in Cognitive Sciences, 11, 
158-167. 



 

Yamada, Sasaki, Kunieda, & Wada (2014) 

Wada, Y., Inada, Y., Yang, J., Kunieda, S., Masuda, T., 
Kimura, A., et al. (2012). Infant visual preference 
for fruit enhanced by congruent in-season odor. 
Appetite, 58, 1070-1075. 

Yamada, Y., & Kawabe, T. (2011). Emotion colors 
time perception unconsciously. Consciousness and 
Cognition, 20, 1835-1841. 

Yamada, Y., Kawabe, T., & Ihaya, K. (2012). Can you 
eat it? A link between categorization difficulty and 
food likability. Advances in Cognitive Psychology, 
8, 248-254. 

Yamada, Y., Kawabe, T., & Ihaya, K. (2013). 
Categorization difficulty is associated with 
negative evaluation in the “uncanny valley” 
phenomenon. Japanese Psychological Research, 
55, 20-32. 

Zellner, D. A., Bartoli, A. M., & Eckard, R. (1991). 
Influence of color on odor identification and liking 
ratings. American Journal of Psychology, 104, 
547-561. 

Zellner, D. A., & Kautz, M. A. (1990). Color affects 
perceived odor intensity. Journal of Experimental 
Psychology: Human Perception and Performance, 
16, 391-397. 

Zhou, W., Zhang, X., Chen, J., Wang, L., & Chen, D. 
(2012). Nostril-specific olfactory modulation of 
visual perception in binocular rivalry. Journal of 
Neuroscience, 32, 17225-17229. 

 
 


