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Heaviness as a concept has meanings in the domains of weight (physical heaviness), state of mind (emotional heaviness), and, more

generally, as a property of concepts. In this research, we investigate the interrelationship between these different concepts. In a series

of studies, we find that a) conceptual heaviness induces a sense of physical heaviness, and b) emotional heaviness induces physical

heaviness and vice-versa.
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The most relevant work stems from metaphoric association be-
tween valence or morality and brightness (e.g., ‘a bright day’). For 
instance, people respond faster to positive or moral words printed in 
white than in black, and faster to negative or immoral words printed 
in black than in white (Meier, Robinson, & Clore, 2004; Sherman 
& Clore, 2009).  Furthermore, priming with positive words causes 
people to perceive gray patches as brighter (Meier, Robinson, Craw-
ford, & Ahlvers, 2007). In the present research, we conducted four 
experiments to examine whether positive versus negative emotional 
expressions also influence the perception of brightness in color. 

In Study 1, 171 people (120 females) participated in an online 
study and were presented with a set of two schematic faces side by 
side, one smiling and one frowning, in one of three colors (gray, 
yellow or red). Each face consisted of a circle with two eyes and a 
mouth, and the only difference between the smiling and the frowning 
face was the angle of the mouth. Participants were told that there is a 
subtle difference in stimuli color and were asked to detect which one 
was brighter.  In Study 2, 113 people (73 female) followed the same 
procedure as Study 1 except that the question was phrased in terms 
of ‘lighter’ instead of ‘brighter’ and participants only saw one of two 
colors, yellow and red. In both studies, regardless of the colors and 
wording of questions, the majority of people chose the smiling face 
as brighter (lighter) than the frowning face (In all cases, more than 
65% people chose the smiling face, p<.05). 

In Study 3, 74 people (45 females) participated in an online 
study and were randomly presented with either the smiling or frown-
ing gray face used in Study 1. Participants observed the stimuli at 
their own pace and indicated the brightness of the stimuli on a 9-point 
gray shades scale on the next page. Each shade of the scale differed 
5 points in luminance, where 9 was the darkest (luminance = 150), 1 
was the brightest (luminance = 110), and 7 was the correct shade (lu-
minance = 140). Finally participants reported their mood on a 9-point 
scale (-4 = very negative to +4 = very positive) so we could ensure 
that the effects were not related to mood. In Study 4, 123 people (63 
females) followed the same procedure as Study 3 except that the stim-
uli were realistic faces. We adopted the smiling and frowning gray 
scale images of a male model called J. J. in Ekman and Friesen’s 
(1976) classic facial expression pictures modified by Horstmann and 
Bauland (2006). The stimuli differed from each other only in terms 
of elements to depict facial expressions.  To equate facial luminance, 
we painted the two faces with the same pink color (hue = 9, saturation 
= 210, luminance = 203). The pink scale had 9 shades with a 5-point 
luminance difference in each shade, 9 was the darkest (luminance 
= 188), 1 was the brightest (luminance = 228), and 6 was the cor-
rect answer (luminance = 203). The results showed that participants 
perceived the smiling face as brighter (Study 3: M = 4.68, SD = 1.69; 
Study 4: M = 4.76, SD = 1.76) than the frowning face (Study 3: M = 
5.51, SD = 1.69; Study 4: M = 5.36, SD = 1.62), t(72) = -2.07, p = 
.043, d=.49 (Study 3); t(121) = -1.97, p = .05, d=.35 (Study 4). 

In sum, these four studies demonstrated that people perceive 
smiling faces as brighter or lighter than frowning faces. Our research 
reveals a novel link between emotional expressions and lightness 
perception, and these results likely have important implications for 
consumer behaviors. For instance, advertising campaigns for certain 
products that emphasize their brightening functions (e.g., cosmetics 
and bleach) may be more effective when they are accompanied by 
smiling models. On the other hand, in advertisements of products 
whose darkness is valued such as black attires, mascara, hair dye, 
and tanning products, smiles may not always be an effective strategy.

Does a Heavy Heart Create a Heavy Body? 
The Connection between Conceptual, Physical 

and Emotional Heaviness

ExTENDED ABSTRACT
The Oxford English dictionary defines heaviness as the state or 

quality of being heavy to describe “weightiness and ponderousness” 
as well as “dejectedness of mind; sadness, grief.” Thus, heaviness as 
a concept has meanings in the domains of weight (physical heavi-
ness), state of mind (emotional heaviness) and, more generally, as a 
property of concepts.

Past research has shown that negative emotions have destruc-
tive physical consequences. Epidemiologically, negative emotions 
lead to a variety of diseases such as diabetes (Carnethon, Kinder, 
Fair, Stafford, & Fortmann, 2003) and hypertension (Everson, Gold-
berg, Kaplan, Julkunen, & Salonen, 1998;). However, there is little 
theory and empirical research on the physiological consequences of 
emotion. 

Although the embodied emotion literature has shown that there 
is a linkage between emotion concepts and bodily experience, previ-
ous studies mostly focus on bodily experience as an antecedent of 
emotion concepts. For example, Niedenthal (2007) found that the 
bodily expression of emotion influence the way in which emotional 
information is processed. These studies manipulate bodily reactions 
(e.g. researchers affixed golf tees to the inside of participants’ eye-
brows to manipulate negative affect) to study the effect of bodily 
expressions on emotional information processing. 

Metaphors using physiology related concepts such as “heavy 
hearted” and “feeling sad and heavy” depict the feeling of sad or grief 
in our daily life. Zhong and Leonardelli (2008) suggest that the lin-
guistic coupling between body related words and cognition-related 
concepts such as feeling cold and social rejection may reflect people’s 
predisposition to describe concepts based upon their bodily experi-
ence. Therefore, the linguistic association between sadness and heavi-
ness may reflect sad people’s bodily experience of feeling heavy. 

Embodiment theories suggest that cognition not only relies 
on abstract and modal mental representations but also on amodal 
perceptual content from various sensors-motor regions in the brain 
that process bodily information (Barsalou, 1999; Gallese & Lakoff, 
2005), which implies the linkage between emotion concepts and 
bodily experience. Specifically, when abstract concepts are acti-
vated, perceptual simulation occurs (Schubert, 2005). When people 
recall, think, read or talk about the abstract concepts, it will re-enact 
people’s similar states based on stored sensory, motor, and introspec-
tive states that accompanied with the experience of those concepts 
(Barsalou, Niedenthal, Barbey, & Ruppert, 2003). For example, the 
activation of elderly stereotype leads to behavioral changes consis-
tent with the concept: people actually walk slower (Bargh, Chen, 
& Burrows, 1996). The activation of specific emotion concepts of 
pride and disappointment is accompanied by changes in posture: 
people increase their posture height while generating of pride words 
(Oosterwijk, Rottevee, Fischer, & Hess, 2009). Therefore, activation 
of an abstract concept triggers bodily experience. 

Given that negative emotion such as sadness or grief are coupled 
with heaviness in our daily languages and the activation of an abstract 
concept induces related bodily experience, we propose that conceptual 
heaviness and emotional heaviness will lead to physical heaviness. In 
the current study, we manipulated the activation of an abstract con-
cept; heaviness, and investigate embodiment effect as consequences. 

In the first study, we investigated whether conceptual heaviness 
will induce people’s feeling of heaviness and influence their eating 
behavior. Sixty-six undergraduates participated in the study. They 
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first played a word game in which they were required to identify 
words in a word-grid. These words were either related to heavy (e.g.; 
heavy, ton, steel, sink) or words related to light (e.g., light, cloud, 
balloon, float). Then they proceed to a marketing product evalua-
tion task in which they were asked to eat a sandwich and evaluate 
how full they felt. They were also offered a tray of mini muffins and 
asked to help themselves to as many as they liked. We found that 
individuals who were primed with heavy related words felt fuller 
(M=6.38, SD=1.48) compared to those who were primed with light 
related words (M=4.06, SD=1.7), F(1,65)=29.49, p<.01.  They also 
took less muffins (M=1.03, SD=.91) than individuals in light condi-
tion (M=1.91, SD=1.2), F(1,65)=11.6, p<.01. 

In the second study, we examined whether emotional heavi-
ness will induce people’s physical feeling of heaviness. Sixty-nine 
students participated in the study. They first watched either a five-
minute long film clip from a movie. The clip was either sad, happy, 
or neutral. Then they evaluate an average student’s weight and their 
own weight using multiple measures (e.g., how many bricks equal 
your weight, how much will a spring compress if you stand on it, how 
thick does ice on a lake have to be to not crack under your weight). 
We found that individuals who were primed with emotional heavi-
ness perceived others as being heavier, F (2,68)=8.72,p<.01. They 
also perceive themselves as being heavier, F(2,68)=5.47,p<.01. An 
in the third study, we show that physical heaviness can induce a feel-
ing of emotional heaviness. 

These findings that conceptual heaviness and emotional heavi-
ness are associated with physical heaviness are a novel extension of 
the embodied emotion literature. In addition, negative emotion does 
not only cause mental health problems but also physiological conse-
quence- feeling of physical heaviness. 

Lethargic Mind: How Perceived Fat 
Consumption Affects Mind’s Agility

ExTENDED ABSTRACT
Fat storage is usually an indicator of (lack of) physical fitness, 

but can ingesting fatty foods decline one’s cognitive performance? 
Further, does merely remembering eating fat-rich food impair one’s 
ability to do cognitive tasks? Building on the literature of embodied 
cognition, we explore how the feeling of physical sluggishness that 
occurs after the consumption of fat-rich (but not protein rich) foods 
translates into similar feeling of mental sluggishness that manifests 
itself in one’s impaired ability to perform various cognitive tasks.

The notion that cognition includes not only abstract mental rep-
resentations but also a perceptual simulation has recently received in-
creased interest in psychology and consumer behavior literature (see 
Barsalou 2008 for review). Such bidirectional connection between 
mind and body has been shown in a number of domains, including 
emotion (Niedenthal 2007), social isolation (Zhong and Leonardelli 
2008), interpersonal perceptions (Williams and Bargh 2008) and 
even brand evaluations (Labroo and Nielsen 2010). Current paper 
expands on our understanding of embodied cognition by integrating 
three different modalities: bodily sensations, introspection and ac-
tion. We test our proposition of multimodality of cognition in a novel 
domain: cognitive performance. To our knowledge, we are the first to 
show how actual and simulated consumption of fat-rich foods affects 
one’s cognitive performance.

We test our hypotheses in a series of three studies. In Study 1 
(n = 63) we aim at establishing the direct link between fat-rich food 
consumption and mental sluggishness. We propose that consumption 
of fat-rich foods would create a sensation of physical sluggishness, 
which in turn will manifest itself in mental slowness. In this study we 

asked participants to complete two ostensibly unrelated tasks. The 
first task was a taste study, during which half of participants were 
asked to sample eight plain crackers and another half were asked to 
sample the same crackers generously covered with a butter spread. 
After completing the taste study, participants were asked to solve a 
word puzzle and find as many words as they could within five min-
utes. We found that participants who just consumed butter found 
fewer words than participants who consumed just crackers. We did 
not observe any differences in mood between two conditions, and the 
difference in taste did not explain our results, when used as a covari-
ate in the analysis.

Study 2 (n = 80) followed a similar design: participants com-
pleted a taste study and an unrelated cognitive task. However, in this 
study all the participants consumed exactly the same food: crackers 
covered with cream cheese. We used this design to rule out direct 
effect of consumption of fat-rich foods on mental performance. To 
manipulate participants’ perception that they have just consumed a 
fatty food, for half of the participants we described the cream cheese 
as full fat (by providing them a nutrition label with high calories and 
fat content), whereas for another half we described the same cream 
cheese as being fat-free (low calories and zero fat). After completing 
the tasting study, participants were asked to solve 10 SAT math prob-
lems in allotted time of five minutes. Consistent with the results of 
Study 1, we found that participants who believed they consumed fat-
rich cream cheese solved fewer math problems than did participants 
who believed they consumed a fat-free cream cheese. Importantly, 
we did not find a difference in a number of math problems attempted 
between the two conditions, suggesting that perceived consumption 
of fat does not affect one’s motivation to solve problems, but rather 
influences one’s ability to solve them. Furthermore, consistent with 
our theorizing, we find that participants who believed that they have 
consumed a full fat cream cheese rated themselves as being more 
tired than did the participants who believed they consumed a fat-free 
cream cheese.

Finally, in Study 3 (n = 53) we asked the participants to list 
breakfast foods they had consumed earlier in the day. Half of partici-
pants was asked to list fat-rich breakfast foods, for example, bacon 
and eggs, whereas another half was asked to list protein-rich break-
fast foods, for example, bacon and eggs, and to describe the sensa-
tions consumption of those fat-rich or protein-rich foods entailed. 
This design was used to examine whether mere mental simulation 
of fat-rich food consumption has similar effect on cognitive perfor-
mance. After completing the first part of the study, participants were 
asked to complete an unrelated anagrams study. In this study partici-
pants were asked to solve nine anagrams. Unlike the design of Stud-
ies 1 and 2, we did not limit the amount of time participants spent on 
the cognitive test and instead measured actual time spent. Consistent 
with our earlier results, participants that were just reminded of the 
fat-rich food they have consumed solved fewer anagrams than did 
the participants who were reminded about protein-rich foods. We did 
not find any difference in the time spent on anagrams between the 
conditions, again ruling out the potential role of motivation in ex-
plaining our results.

Using three different manipulations of fat-rich food consump-
tion (from actual consumption to the memory of one) and across 
three different cognitive domains we find that consumers are less 
successful in cognitive tasks after consuming fat-rich foods. Further, 
our studies clearly show that mental sluggishness is not a result of 
actual physiological changes in the body or one’s motivation to per-
form cognitive tasks. Taken together these results provide converg-
ing evidence for the connection between physical sluggishness as-
sociated with fat-rich food consumption and mental agility. 


