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Emotional facial expressions are not only considered by most scholars to communicate and
express emotional states, but are also thought to affect the person expressing them. Facial
feedback occurs when activity in emotion-relevant facial muscles feeds back into the brain
and initiates the corresponding emotion or modulates the intensity of an ongoing emotional
state. The present thesis examined the voluntary facial action technique, a method to test facial
feedback, and by help of the method investigated how facial feedback influences the experience
of emotion. In Study I, it was demonstrated that the voluntary facial action technique is well-
suited to induce and detect facial feedback effects, and also that feedback more easily modulates
the intensity of present emotions than initiates new emotions. In Study II, feedback effects were
shown to primarily occur during the critical facial actions, and to almost exclusively be a result
of incongruent facial actions that attenuated ongoing emotional states, while congruent facial
actions had no enhancing feedback effects at all. In Study III, feedback effects were generally
unaffected by the anesthetization of participants’ facial skin, indicating that feedback from the
skin is not important for the feedback effect, and the results of Study II were replicated when
feedback effects primarily attenuated ongoing emotional states. In summary, the present results
demonstrate that emotion-relevant facial actions influence the experience of emotion via facial
feedback, and that this influence is likely to be greater when the feedback is incongruent with,
and can attenuate, an ongoing emotional state.
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Introduction 

A brief overview 
Emotional facial expressions are not only considered by most scholars to com-
municate and express emotional states, but are also thought to affect the per-
son expressing them. Physical feedback from a facial expression like a broad 
grin can modulate the emotional state of the person grinning to be more posi-
tive and happier, and a frowning grimace can attenuate happiness and turn the 
mood of the frowning person more negative. These inward effects of facial 
expressions are called facial feedback effects. The facial feedback appears to 
work rather mechanically as a result of facial muscle actions, sending feed-
back either from the facial muscles or the facial skin, regardless if the facial 
expressions were genuinely felt or simply posed. However, beyond the ob-
served effects of facial feedback not much is known about the underlying 
mechanisms or the boundaries of the effect. This thesis investigates if the feed-
back originates from the facial skin or not, and explores different types of 
feedback effects to improve the understanding of facial feedback.  

Emotions 
What is an emotion? 
To recoil in disgust when finding moldy food, to jump away scared when a 
spider falls in your lap, and to burst into laughter when your friend tells a joke. 
The experience of a strong emotion is one of the most intense experiences in 
life, and it is an overwhelmingly physical experience. If we were to describe 
a scared person we would mention the wide-open eyes, the gaping mouth and 
the frozen or shying away posture. One of the first persons to study our emo-
tional expressions was Charles Darwin in his seminal work The expression of 
the emotions in man and animals (1872). In the book, he proposed that ex-
pressions of emotions were universal and had evolutionary origins. He had 
observed adults and infants, as well as different kinds of animals, and found 
that they all expressed emotions in similar ways. With the help of collabora-
tors across the British Empire, he also concluded that the same ways to express 
emotions were found around the globe in very different cultures. This notion 
of universality in emotional expressions was later supported in a series of 
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wide-ranging studies by Ekman and Friesen (1971), and more recently by Sau-
ter et al. (2010). 

Darwin’s hypothesis on the evolutionary origins of emotional expressions 
was that the expressions originally had served basic bodily functions, for ex-
ample to regulate our sensory functions, but that they had transformed later in 
evolution into also serving as communicative signals. An expression of dis-
gust could for example originally have been a way to minimize contact with 
something potentially harmful and contagious by narrowing the facial features 
and that way close the alimentary and respiratory tracts. In later stages of evo-
lution these facial reactions to disgust transformed into also serving as signals 
to others, warning them of the disgusting object. Contemporary researchers 
generally agree with the idea that the disgust expression, for example, origi-
nated as a sensory regulation (Lee & Anderson, 2017; Oaten et al. 2009). 
Moreover, the general consensus amongst most emotion scholars today is that 
emotions and emotional expressions have evolved as adaptations to recurring 
fundamental life-tasks. That is, emotions and emotional expressions are 
thought to have evolved because they proved to be helpful adaptations that 
increased the chances of survival and reproduction. Emotions aided survival 
and functioning on a more direct personal level, while more evolved emotional 
expressions helped the chances of groups of humans living together (Lee & 
Anderson, 2017; Scarantino, 2016). 

Unfortunately, despite the general agreement on the evolutionary origins of 
emotions, no agreed-upon definition of emotion exists. Contemporary emo-
tion theory encompasses a wide range of different theories with definitions of 
emotion clearly at odds with each other (Dols & Russell, 2017; Scarantino, 
2016). Even the first sentence of this thesis, that emotional facial expressions 
express emotional states, is a hotly debated topic with several scholars arguing 
that facial expressions do not express emotions (Fridlund, 1994) and others 
asserting that both emotions and emotional expressions are outdated concepts 
(Barrett, 2017). A common foundation that most of the theories could agree 
upon is that experiences and behaviors that could be labelled emotional do 
exist and often start with the interpretation of a stimulus, and then involve 
subsequent activity in the form of physiological arousal, facial and bodily ex-
pressions, behavioral impulses, and subjective feelings (Ellsworth, 1994; Dols 
& Russell, 2017). However, theories differ sharply on how complex they be-
lieve the interpretation of the stimulus is and on how much control they think 
people have over the subsequent activities (Scarantino, 2016). The theory of 
basic emotions (Ekman, 1992; 1999; 2017; Izard, 1992; Tomkins, 1962) views 
emotions as sets of organized and distinct patterns of responses that we have 
little control over once they are activated by a stimulus. Appraisal theories of 
emotion (Moors, 2020; Moors et al., 2013; Scherer et al., 2001) instead pro-
pose that emotions are caused by an automatic cognitive appraisal of the stim-
ulus and the emotional reaction is determined by how well the stimulus 
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matches with goals and expectations of the individual. The theory of con-
structed emotions (Barrett, 2017; Gendron & Barrett, 2017) rather views emo-
tions and expressions of emotions as unique instances determined by uncon-
scious high-level analyses of context and individual experience that select 
proper responses for each occasion. 

Another area where theories disagree is whether there is a set number of 
distinct emotions, for instance disgust and happiness, or whether emotional 
states are better understood from a dimensional view. The basic emotion view 
is that there is a set number of distinct, basic emotions, even though there is 
disagreement on the exact number (Ekman, 2016). The circumplex model of 
affect (Russell, 1980) proposes that emotions are distributed along arousal and 
valence dimensions in a two-dimensional circular space. Each unique emo-
tional state can be viewed as a combination of physical arousal and positive-
negative valence, and there is no distinctive difference between, for instance, 
sadness and anger other than different levels of arousal and valence. In an 
updated model (Russell & Barrett, 1999), core affect instead of emotions are 
placed along the two dimensions arousal and pleasure. How the core affect is 
then expressed, if it is expressed, is different for each person and situation, as 
there is no inherent link between emotional episodes and expressions. 

Basic emotion theory 
One of the most influential emotion theories of the last century is the theory 
of basic emotions (Ekman, 1992; 1999; 2017; Izard, 1992; Tomkins, 1962), 
which is directly influenced by Darwin’s ideas. The theory proposes that there 
are a number of discrete and innate basic emotions that are characterized by 
unique feeling states and distinct facial expressions and bodily reactions. The 
basic emotions proposed by Ekman originally included happiness, sadness, 
anger, fear, disgust, and surprise. He later found reason to expand the number 
of basic emotions to also include amusement, contempt, embarrassment, ex-
citement, guilt, pride in achievement, relief, satisfaction, sensory pleasure, and 
shame (Ekman & Cordaro, 2011).  

A basic emotion is characterized by its lack of flexibility and our lack of 
control over it. An emotion occurs unbidden, with a quick onset and brief du-
ration, and we struggle to control it and its expression. The emotion is more 
than a feeling state according to the theory, it consists of three components: 
the physiological/autonomic, the expressive/behavioral, and the experien-
tial/cognitive (Dimberg, 1997a; Öhman, 1986). The physiological/autonomic 
component includes a wide range of body functions affected by the autonomic 
nervous system, for example increased or decreased heart rate, sweaty palms, 
and blushing. The expressive/behavioral component is primarily the distinct 
facial expressions that accompany all basic emotions, as well as body move-
ments like postures and hand gestures, and vocalizations like gasps and cries. 
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The experiential/cognitive component is the conscious experience of the emo-
tion, the feeling. The theory views all of these things as vital parts of an emo-
tion and not, for example, as secondary effects caused by an emotion.  

According to the theory, these basic emotions have evolved independently 
of each other as domain-specific evolutionary adaptations to fundamental life-
tasks. The emotions of anger and fear, for example, are thought to have origi-
nally evolved as part of the fight and flight responses respectively. Later in 
evolution the expressive aspects of the emotions, such as distinct facial ex-
pressions, developed to be more and more exaggerated as the emotions trans-
formed into also functioning as a way to communicate an organism’s emo-
tional state to others (Ekman, 1992; 1999; Izard, 1992; Tomkins, 1962). 

Tomkins (1962) suggested that the basic emotions worked with the help of 
innate subcortical affect systems, one independent system for each basic emo-
tion. These systems are activated by emotion-relevant stimuli and automati-
cally initiate pre-programmed changes in the autonomic nervous system as 
well as facial and bodily muscular actions.  

Embodied emotion theory 
William James (1884) and Carl Lange (1912/1885), independently of each 
other, were the first to emphasize the importance of physiological body 
changes to the experience of emotion in what has become known as the James-
Lange theory of emotion. They argued that the immediate physiological reac-
tions to a stimulus, in the form of arousal and body expressions, were the ac-
tual emotion, and that our subjective experience of the emotion appeared first 
as we became aware of these bodily sensations. Even though many of their 
more specific suggestions have been refuted (e. g., Cannon, 1927), the general 
gist has survived and inspired contemporary theories of emotion, for example 
the framework of embodied emotion (Niedenthal, 2007; Niedenthal et al., 
2017; Wood et al., 2016b). 

Embodied emotion can be described as the notion that an emotion is 
grounded in the body of an organism, that the affective system is so closely 
connected to the sensory and the motor systems that one cannot fully act with-
out the others (Niedenthal, 2007). The framework suggests that neurons in the 
affective, sensory and motor systems are highly interconnected, so that expe-
riencing an emotion, perceiving an emotion in others, and retrieving an emo-
tional memory all involve highly overlapping mental processes. When an 
emotional incident occurs, the different systems that are active become inte-
grated with each other into an emotional experience. If you then later encoun-
ter, for example, a similar visual stimulus that reactivates your visual memory 
of the original incident, it will in turn reactivate the affective and motor sys-
tems, so that you re-experience the original incident but on a less intense level 
(Niedenthal, 2007).  
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Moreover, if one system is prevented from activation, the other systems 
become more limited in their activation as well. For example, if you can’t 
frown due to botulinum toxin injections, your experience of negative emotions 
becomes less intense and you will find it more difficult to recollect previous 
negative experiences (Finzi & Rosenthal, 2014; Hennenlotter et al., 2009; Kim 
et al., 2014; Magid et al., 2014; Niedenthal, 2007; Wollmer et al., 2012; 2014; 
Wood et al., 2016b). Furthermore, the framework of embodied emotion con-
siders emotional facial expressions to be central for emotions, and it argues 
that there is a reciprocal relationship between facial expressions and how emo-
tional information is attended to and interpreted (Niedenthal et al., 2017; 
Wood et al., 2016b). A smile formed without a happy emotion looks and feels 
different from a genuine, so-called Duchenne smile (Duchenne, 1990/1862). 
However, forming a non-Duchenne smile can still make the person expressing 
it feel happier, because even a forced activation of the sensory-motor systems 
involved in forming the fake smile can cause the corresponding affective sys-
tem to activate. 

Constructionist and appraisal emotion theories 
The theory of constructed emotions (Barrett, 2017; Gendron & Barrett, 2017; 
Russell & Barrett, 1999), offers an alternative view of emotions that dismisses 
the theoretical linchpins of basic emotions and argues that there are no specific 
innate emotions and no discrete universal expressions of emotions. The theory 
maintains that we have core affects that differ in arousal and pleasure, but our 
emotional experiences and expressions are constructed in the situation, and 
are dependent on the specific context and our own past experiences of similar 
situations. The brain consciously or unconsciously analyzes these contextual 
cues and is able to predict what would be a suitable emotional experience and 
expressive response to handle the situation in the most competent way possi-
ble. According to the theory, humans have an emotional brain and this emo-
tional capacity is likely to have evolutionary origins, but it is the emotional 
capacity in itself that has been an evolutionary advantage and not specific pre-
defined basic emotions. Different persons experience the same situation in 
widely different ways emotionally, and the same person will experience the 
situation differently each time. 

Appraisal theories of emotion (Moors, 2020; Moors et al., 2013; Scherer et 
al., 2001) view emotions as a product of a cognitive appraisal process where 
a stimulus is appraised on a number of factors such as goal relevance, goal 
congruence, unexpectedness and agency. If a stimulus ends up with a gener-
ally negative appraisal the resulting emotion might be anger, but one stimulus 
can lead to different emotional episodes at different times. For example, to be 
hit in the face with a fish might make you upset if it is unexpected and uncalled 
for, but might make you laugh if the situation is comical. Another classical 
cognitive theory of emotion, the two-factor theory (Schachter & Singer, 
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1962), would describe it as an example of how the increased arousal, from 
being hit in the face, can be attributed to either anger or happiness depending 
on the situation. The specific emotional output is a product of an appraisal 
process that considers all relevant information available to a person in a situ-
ation, so any emotional episode is consequently highly personal. The appraisal 
process is continuous and recursive, and any new information can potentially 
change the emotion.  

Facial expressions of emotion 
Just as with emotions on the whole, there is no agreement between theories of 
emotional facial expressions. The basic emotion theory views facial expres-
sions of emotion as central parts of the emotions, and every basic emotion is 
thought to have a distinct and universal facial expression that identifies it (Ek-
man, 1992; 1999; Izard, 1992; Tomkins, 1962). The researchers that disagree 
with the basic emotion view question the link between emotions and facial 
expressions (Fridlund, 1994) or even the existence of typical facial expres-
sions (Barrett, 2017; Dols & Russell, 2017). Fridlund (1994) proposes that 
facial expressions don’t express emotions, but instead motives and intentions. 
He argues that a man looks angry to signal his violent and destructive intent 
and not because he has an angry feeling inside. Barrett (2017) proposes that 
each facial configuration is unique to the specific situation and to the specific 
relationship that exists between sender and receiver. She argues that no one 
looks angry the same way as someone else or the same way from one time to 
another, and to categorize and label expressions with ‘angry’ or ‘happy’ could 
be useful in language and communication, but has no scientific explanatory 
value.  

Proponents of basic emotion theory (e.g. Ekman, 2017) argue that if emo-
tional expressions were not evolutionary and biologically hardwired, we 
would see a large variety of different ways to express emotions in different 
cultures to the point where people of different upbringing would not readily 
understand each other's emotional expressions, similar to how different lan-
guages develop in different places. However, there is a large body of evidence 
that facial expressions of basic emotions are expressed in similar ways, and 
also recognized, across different cultures (Ekman & Friesen, 1971; Sauter et 
al., 2010). There exist cultural differences in how emotions are expressed, 
what Ekman and Friesen (1969) calls display rules, but these differences could 
be viewed as regional dialects of a universal language (Elfenbein, 2013). Fur-
ther arguments for hardwired and universal facial expressions are studies that 
show infant’s facial expressions to be similar across different cultures (Camras 
et al., 1992; 2002), and studies that have found human facial expressions to be 
similar to the facial expressions of for example chimpanzees (Ekman, 1973). 
Finally, conditioning studies have found an angry face to be a more effective 
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conditioned stimulus for an aversive unconditioned stimulus than a happy 
face, indicating that humans are biologically prepared to fear angry faces, 
which would not be the case if facial expressions were completely determined 
by culture or context (Dimberg & Öhman, 1996). 

However, it is generally agreed that our emotional facial expressions have 
evolved to become more and more expressive and exaggerated to the point 
where they now can be described as theatrical. The benefits of clear and dra-
matic facial expressions of emotion have been quicker, better and less ambig-
uous affective communication over longer distances, serving as evolutionary 
adaptations to fundamental life-tasks (Lee & Anderson, 2017; Scarantino, 
2016). To quickly be alerted with just a glance that a friend is afraid, to be 
able to tell from a distance if a stranger looks angry, and to understand the 
meaning of a fleeting expression, all of this has been useful in evolution. This 
greater expressivity has become possible with the evolution of our facial mus-
cles giving us more and smaller muscles with a higher degree of voluntary/in-
voluntary movement control, that enable a wide array of different facial ac-
tions and numerous facial configurations (Diogo & Santana, 2017; Rinn, 
1984). There are 42 individual facial muscles in the face and they combine 
dynamically to express a hierarchy of emotions with basic emotions such as 
happiness, sadness, anger/disgust and fear/surprise expressed early in the dy-
namic process when the first few muscles are engaged and with further nu-
ances appearing when more and more muscles are used, ending in an almost 
infinite number of combinations and individual nuances (Jack et al., 2014; 
Schmidt & Cohn, 2001). The facial muscles are proposed to be controlled by 
affect programs that activate them as part of a larger, organized response to an 
emotional stimulus (Tomkins, 1962). It has also been suggested that the affect 
programs and facial actions have a two-way relationship so that automatic fa-
cial actions like mimicking can activate the programs, and that this could be 
one pathway of emotional contagion (Hatfield et al., 2011; McIntosh, 2006). 

The present thesis investigates the two arguably most well-known and 
widely researched facial muscles: the greater zygomatic muscle (musculus zy-
gomaticus major), used when smiling, and the eyebrow wrinkler (musculus 
corrugator supercilii), used when frowning. As described by Hjortsjö in his 
pioneering work Man’s face and mimic language (1970), the zygomatic mus-
cle runs from the outside of the cheekbone to the lateral angle of the mouth 
(see Figure 1, left), and the corrugator muscle originates in the lateral part of 
the root of the nose and radiates sideways and upwards to the skin of the fore-
head above the middle part of the eyebrow (see Figure 1, right).  
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Figure 1. The Zygomaticus major muscles (left) and the Corrugator supercilii mus-
cles (right). BodyParts3D, © The Database Center for Life Science, licensed under 
Creative Commons. 

It has been consistently demonstrated that activation of the zygomaticus mus-
cle is linked more generally to positive emotions, and that exposure to positive 
stimuli spontaneously evokes increased zygomatic activity, whereas exposure 
to negative stimuli generally decreases the activity. In contrast, activation of 
the corrugator muscle has been generally linked to negative emotions, where 
exposure to negative stimuli spontaneously evokes corrugator activity while 
exposure to positive stimuli decreases the activity (Dimberg, 1990; Dimberg 
& Thunberg, 1998; Dimberg et al., 2000). These activations are automatic and 
beyond conscious control, as demonstrated by Dimberg et al. (2000), whose 
participants were subconsciously exposed to emotional stimuli and reacted 
automatically and very quickly with the zygomaticus muscles to pictures of 
happy faces, and with the corrugator muscles to pictures of angry faces. 

Taken together, there is extensive evidence available for a direct, biological 
connection between the facial muscles and emotional states, where in partic-
ular the activities of the zygomatic and corrugator muscles reflect ongoing 
positive and negative emotional states respectively. As will be demonstrated 
in the following section, there is additional evidence that this is in fact a two-
way relationship where the activities of the facial muscles also affect the emo-
tional state. 

Facial feedback 
What is facial feedback? 
Facial feedback occurs when activity in emotion-relevant facial muscles feeds 
back into the brain and causes the initiation of the corresponding emotion or 
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the modulation of an already ongoing emotional state (Adelmann & Zajonc, 
1989; Buck, 1980). The phenomenon has interested researchers for a century 
as an indication of how emotions might work, because the truth is, even 
though emotions are such an important and ubiquitous part of human life, re-
searchers still do not fully understand how they function. That is what sparked 
the first interest in the facial feedback hypothesis and most studies in the field 
have subsequently been basic research to better understand the phenomenon 
(Adelmann & Zajonc, 1989). The existence of facial feedback has by many 
scholars been taken as support for the notion that emotions are embodied and 
inseparable from the expression of emotion (Ekman, 1992;1999; Niedenthal, 
2007), even though others dismiss such support (Barrett, 2017; Fridlund, 
1994). Recently, studies manipulating facial feedback in treatment of depres-
sion have added a clinical field to facial feedback research (Coles et al., 
2019a), suggesting study of the phenomenon is only at its beginning. 

A brief history of the facial feedback hypothesis 
The first outlines of facial feedback were presented by Darwin (1872), to-
gether with his ideas on universal and evolved emotional expressions. He 
wrote that: 

The free expression by outward signs of an emotion intensifies it. On the other 
hand, the repression, as far as this is possible, of all outward signs softens our 
emotions. He who gives way to violent gestures will increase his rage; he who 
does not control the signs of fear will experience fear in a greater degree; and 
he who remains passive when overwhelmed with grief loses his best chance of 
recovering elasticity of mind. These results follow partly from the intimate re-
lation which exists between almost all the emotions and their outward mani-
festations; and partly from the direct influence of exertion on the heart, and 
consequently on the brain. Even the simulation of an emotion tends to arouse 
it in our minds (Darwin, 1872, p. 366). 

Darwin’s observations on the intimate relation between emotions and their 
outward manifestations, and how even the simulation of an emotion can 
arouse it in our mind foreshadow the present-day hypothesis of facial feedback 
very well. However, his thoughts on how and why this relation came to exist 
bears little resemblance to current thinking. He believed the relationship had 
been acquired early in evolution from a consistent associated use and passed 
on via Lamarckian inheritance to present-day where the relation existed with-
out much functional use (Darwin, 1872). Today, it is believed that facial feed-
back has evolved in close tandem with facial expressions as a crucial compo-
nent in emotional recognition (Niedenthal et al., 2017), emotional contagion 
(Hatfield et al., 2011; Lundquist & Dimberg, 1995) and emotional empathy 
(Davis, 2006), all of which are believed to have evolved as helpful adaptations 
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to recurring fundamental life-tasks (Lee & Anderson, 2017; Scarantino, 
2016).  

James (1884) more directly influenced the facial feedback hypothesis with 
his theory of emotion, introducing the idea that an emotion is the experience 
of the immediate bodily reactions that follow perception of a stimulus. He 
suggested patterns of visceral, respiratory, cutaneous and muscular changes 
gave rise to the specific emotions, but made no special mention of the face. 
On actors portraying different emotions on stage, he suggested such artificial 
imitations could only lead to rather hollow experiences.  

Lange (1912/1885) presented ideas similar to those of James, and for the 
next half a century the James-Lange theory of emotion was subject to much 
debate and testing, where many of their ideas were refuted and others were 
modified or clarified (Adelmann & Zajonc, 1989). This theoretical develop-
ment led to a larger focus on muscular feedback, instead of feedback from the 
autonomic nervous system, and especially the facial muscles were thought to 
provide the crucial differentiation between discrete emotions by for example 
Allport (1924).  

During the 1960s and 70s, three different theorists picked up where the 
debate on James-Lange left off and formulated similar theories of emotion that 
all emphasized the role of the face for emotion. Tomkins (1962) saw the face 
as central to both expressing emotions and feeling them. He argued that the 
face was highly sensitive and could uniquely form nuanced patterns capable 
of expressing every emotion. In his idea of affect programs, feedback from the 
face was crucial for the subjective experience of emotion, but it is worth noting 
that it was feedback from spontaneous naturally occurring facial actions he 
thought of and not voluntary facial actions. He later modified his theory to 
emphasize feedback from the facial skin as the primary facial feedback, noting 
that the skin is far more sensitive than the muscles (Tomkins, 1980). Gellhorn 
(1964) and Izard (1971) presented similar theories, both arguing that feedback 
from the face was key to experiencing emotions, and like Tomkins primarily 
thinking of feedback from spontaneous facial actions co-occurring with 
evoked emotions. 
The facial feedback hypothesis has in fact been several different hypotheses 
over the years. The first hypothesis was the correspondence hypothesis, de-
scribed above (Tomkins, 1962), which merely claimed that there was a corre-
spondence between facial expressions and emotional experience. The neces-
sity hypothesis instead claimed that facial actions were necessary for emo-
tional experience, but this hypothesis has since been refuted after investigation 
of a patient suffering from facial paralysis (Keillor et al., 2002). The sufficient 
hypothesis claimed that facial feedback was sufficient to initiate an emotion, 
while the modulation hypothesis claimed that facial feedback could modulate 
emotions. Today, the facial feedback hypothesis usually refers to a combina-
tion of the two later hypotheses, that is, feedback from emotion-relevant facial 
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actions can initiate and modulate emotions (Adelmann & Zajonc, 1989; Buck, 
1980; Coles et al., 2019b). 

Facial feedback in emotion theory 
The view on facial feedback in current emotion theories generally follows the 
fault lines of the larger debate on emotions. In basic emotion theory, the facial 
feedback hypothesis is viewed as one piece of the puzzle for how basic emo-
tions work, supporting the notion that emotions and the expressions of emo-
tions are inseparable. Proponents of basic emotions (e.g. Levenson et al., 
1990) suggest that proprioceptive sensations from the facial muscles, and/or 
tactile sensations from the facial skin, are fed back via the facial nerves to the 
brain, where it activates biologically hardwired affect programs (Levenson et 
al., 1990; Tomkins, 1962; 1980). Many of the researchers developing and test-
ing the facial feedback hypothesis, for example Tomkins and Ekman, have 
simultaneously developed and promoted the basic emotion theory, so it is not 
surprising that the fiercest critic of the basic emotion theory, Fridlund (1994), 
also have been very critical of the facial feedback hypothesis. Fridlund (1994) 
have suggested several alternative explanations for facial feedback data, for 
example that the effects are caused by experimental demand or a difference in 
difficulty and effort between smiling and frowning, but an examination by 
McIntosh (1996) concluded that his concerns were well answered for by the 
studies published at the time. In the review, McIntosh (1996) also concluded 
that self-perception or conditioning were unlikely explanations.  

In embodied emotion theory, facial feedback is considered an example of 
how emotions are grounded in the body, supporting the notion that the brains 
affective systems are highly interconnected with the sensory and motor sys-
tems (Niedenthal, 2007; Niedenthal et al., 2017; Wood et al., 2016b). Nieden-
thal and colleagues (Niedenthal et al., 2017) suggest that tactile and proprio-
ceptive feedback from facial muscles and/or skin is fed back to the brain and 
processed by somatosensory cortices, to then be integrated with other ongoing 
affective processes. 

The vascular theory of emotional efference (Zajonc, 1985; Zajonc et al., 
1989) occupies a rather niche place in emotion theory, but is relevant when 
discussing facial feedback because of the theory’s highly detailed, and empir-
ically supported, hypothesis for how facial feedback works. According to the 
hypothesis, the role of facial actions is to alter brain temperature by regulating 
air flow and blood cooling in the nasal and cavernous sinuses. Smiles open the 
airways and cools the blood, which is associated with positive feelings, while 
anger/disgust restricts the airways and raises the blood temperature, which is 
linked to negative feelings. The hypothesis is supported by a series of success-
ful experiments by the original proponents (McIntosh, 1997; Zajonc et al., 
1989). However, no attempts to replicate their results have been made since 
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then and the vascular theory of emotional efference today appears largely for-
gotten in facial feedback thinking (Coles et al., 2019b). 

In constructionist emotion theory, facial feedback effects are seen as simple 
outcomes of learned associations between emotion concepts and typical facial 
expressions (Barrett, 2017; Gendron & Barrett, 2017; Russell & Barrett, 
1999). Barrett (2017) argues that a posed smile causes the brain to simulate 
prior instances of smiling, which can evoke a positive affect if the person has 
learned to associate smiling with positive affect. Accordingly, a person grow-
ing up in a culture where smiles typically are associated with negative affect, 
would risk to evoke negative affect from a posed smile. Another possible ef-
fect of facial feedback, in line with constructionist thinking, could be that the 
feedback guides categorization of core affects into discrete emotion concepts, 
so that an ambiguous core affect is more likely to be categorized as the emo-
tion associated with a posed facial expression (Coles et al., 2019b). 

Appraisal theories have more difficulty accounting for facial feedback ef-
fects, especially feedback that initiates an emotion, because an assumption in 
many appraisal theories is that cognitive appraisals of present stimuli precede 
and are required for emotional reactions (Moors et al., 2013; Scherer et al., 
2001). Most theories acknowledge that the emotional experience can be mod-
ulated by expressive behavior once it is ongoing (Scherer, 2009), but struggle 
to explain how an emotion can be initiated without stimuli and appraisals pre-
sent (Berkowitz & Harmon-Jones, 2004). An attempt to fit initiating feedback 
effects into their model was made by Smith and Kirby (2004), by suggesting 
that emotion-relevant facial actions, via associative processing, could activate 
the requisite appraisals corresponding to the emotion in memory, which in 
turn would elicit the emotion. 

The empirical study of facial feedback 
The definition of facial feedback states that facial actions can initiate or mod-
ulate emotional experiences, in other words that facial actions in the absence 
of any emotional stimulus can initiate a corresponding emotion, while facial 
actions in the presence of a stimulus can enhance or attenuate the evoked emo-
tion (Adelmann & Zajonc, 1989; Coles et al., 2019b). A number of reviews 
over the last decades (see Buck, 1980; Adelmann & Zajonc, 1989; McIntosh, 
1996; Soussignan, 2004) have evaluated the body of empirical work at their 
time and found consistent support for both the initiating and the modulating 
functions of facial feedback. The first meta-analysis was performed by Matsu-
moto (1987) on 16 studies that measured the effect of facial feedback on self-
reported mood, excluding studies that for example used physiological re-
sponses as dependent variables. It revealed a medium effect size (r = 0.34) in 
support of the facial feedback hypotheses.  
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A recent meta-analysis of 138 studies by Coles et al. (2019b) revealed an 
overall effect size that was small (d = 0.20) and highly variable. The substan-
tial heterogeneity in the effect sizes indicates the likely presence of so far un-
known moderators, even though the authors analyzed a long list of theoreti-
cally interesting moderators. For instance, it was found that effect sizes were 
larger in the absence (d = 0.32) than in the presence (d = 0.13) of emotional 
stimuli, suggesting larger initiating than modulating effects. It was further 
found that in studies that measured the emotional experience dimensionally, 
the effect sizes for positivity (d = 0.18) and negativity (d = 0.12) were similar. 
In studies that measured the experience of discrete emotions, small-to-me-
dium effect sizes were found for happiness (d = 0.23), sadness (d = 0.30), 
anger (d = 0.53), and disgust (d = 0.29). The effect sizes for fear (d = 0.13) 
and surprise (d = -0.31) were relatively few and did not differ from zero. Fi-
nally, the meta-analysis found no evidence of publication bias in the studies 
that examined emotional experience, as published (d = 0.21) and unpublished 
(d = 0.15) studies had similar effect sizes, and funnel plots and other tests were 
not suggestive of a bias. 

One persistent concern from the beginning of experimental facial feedback 
research has been whether or not the reported effects are a result of experi-
mental demand, that participants consciously or unconsciously understand the 
purpose of the study and respond in line with the expectations. To tackle this, 
Strack et al. (1988) developed a method with convincing cover-story and in-
cidental muscle manipulation that made participants adopt different facial ex-
pressions without being aware of doing so. Participants were led to believe 
they participated in product development of a mouth-held pen, where one 
group held the pen between their teeth in a way that activated the zygomaticus 
muscles and facilitated a smile, while another group held the pen between their 
lips in a way that prevented a smile and activated the orbicularis oris muscles, 
involved in sulky expressions (Hjortsjö, 1970). The participants were then 
tasked with using the pen to rate the funniness of cartoons, and those who were 
facilitated to smile rated the cartoons as significantly funnier than those who 
had been prevented to smile, demonstrating a facial feedback effect. 

This innovative technique inspired a number of studies that used variations 
of the pen technique (e.g., Soussignan, 2002) or developed new incidental ma-
nipulations, like Larsen et al. (1992) who attached golf pegs to participants’ 
brows and asked them to touch the pegs together, incidentally making them 
frown. However, a recent attempt to directly replicate the original experiment 
by seventeen labs in a pre-registered replication found no differences in rated 
funniness between the teeth and lips pen-holding conditions (Wagenmakers et 
al., 2016). A number of concerns were raised about methodological choices in 
the replication though, primarily that they had video monitored the partici-
pants, which could have affected their emotional responses (Strack, 2016). To 
examine this possibility, Noah et al. (2018) replicated the original pen study 
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in two conditions, one with a video camera present and one without. The re-
sults revealed a significant facial feedback effect without the camera, which 
was eliminated when the camera was present. The attempts to replicate the 
pen-in-mouth method nevertheless highlighted shortcomings with the original 
method. The cover story to develop a pen for writing with your mouth might 
appear outdated today, while the muscle manipulation itself is rather cumber-
some and produces rigid and strained facial expressions, underlining a need 
for new incidental methods. In a direct test of how experimental demand can 
influence the facial feedback effect, Coles et al. (2020) randomly assigned 
participants into three different levels of demand characteristics. A positive 
expectations group were told that their facial actions were expected to affect 
their emotions, while a negative expectations group were reversely told that 
their facial actions were not expected to affect their emotions, and a control 
group were not told any hypothesis. The results revealed significant facial 
feedback effects in all three groups, moderated by level of demand character-
istics. That is, the feedback effects were largest in the positive expectations 
group, second largest in the control group and smallest, but still significant, in 
the negative expectations group, demonstrating that feedback effects were 
moderated but not entirely driven by demand characteristics, and in fact ap-
peared even when the demand characteristics worked against potential feed-
back effects. Moreover, participants were asked their beliefs about facial feed-
back at the end of the study and it was revealed that, while feedback effects 
were larger among those who believed in facial feedback, effects were still 
significant among those who did not believe in it. 

A different approach to testing facial feedback has been to paralyze facial 
muscles with botulinum toxin injections and examine how the lack of facial 
feedback from the affected muscles influences various areas. In fMRI studies, 
it has been demonstrated that, in participants with paralyzed corrugator mus-
cles, amygdala activity is attenuated during imitation of angry facial expres-
sions (Hennenlotter et al., 2009), and also when passively exposed to pictures 
of happy and angry facial expressions (Kim et al., 2014). With regard to emo-
tion processing, Baumeister et al. (2016) found that participants with para-
lyzed corrugator muscles, in comparison to controls, rated emotional sen-
tences as less emotional, and they further rated happy and sad faces as less 
happy and less sad. Finally, they were much slower to categorize the faces.  

In clinical studies, benefits from paralyzing the corrugator muscles have 
been demonstrated in several studies where clinically depressed patients re-
ported significant mood improvements after the treatments, effects attributed 
to reduced negative facial feedback from the corrugator muscles (Finzi & 
Rosenthal, 2014; Magid et al., 2014; Wollmer et al., 2012; 2014). However, a 
critical review and meta-analysis by Coles et al. (2019a) found worrying signs 
of publication bias, with some studies reporting extremely high effect sizes 
while others failed to disclose critical data, in addition to common conflicts of 
interest where researchers reported links to pharmaceutical companies. It is 
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also important to remember that it still remains unclear if facial feedback orig-
inates from the facial muscles or the facial skin. Botulinum toxin injections 
turn both the muscles and the skin immobile, and it is possible that comparable 
therapeutic effects could be achieved by only immobilizing the facial skin. 

The orbicularis oculi muscles around the eyes are used in genuine smiles 
that involve both the mouth and the eyes, so called Duchenne smiles, and 
when used form crow’s feet or laughter lines radiating from the corner of the 
eyes (Hjortsjö, 1970). In a study by Lewis (2018), participants who paralyzed 
their orbicularis oculi muscles, in addition to the corrugator muscles, experi-
enced no improvements in mood while participants who only paralyzed their 
corrugator muscles experienced significant mood improvements. All partici-
pants reported that sexual orgasms were harder to achieve and were less sat-
isfying, and it was proposed this was due to a reduced ability to make facial 
expressions of pleasure during sexual excitement, suggesting an important 
role for facial feedback during sexual intercourse.  

Aims of the present thesis 
The overarching aims of the present thesis were to examine a more versatile 
method to test the hypothesis of facial feedback, and with help of the method 
investigate more closely how and in what ways facial feedback influences 
subjective experiences of emotion. Established methods to test facial feed-
back, like the pen method (Strack et al., 1988), can be inflexible and cumber-
some to use, and there is need for a more versatile method. Moreover, although 
there is ample evidence for a facial feedback effect (see meta-analyses by 
Coles et al., 2019b; Matsumoto, 1987), there is no clear understanding of the 
underlying mechanisms that allow facial feedback to influence the experience 
of emotion. The causal description and the boundary conditions of the effect 
also remain rudimentary. The present thesis therefore aimed to investigate one 
underlying mechanism and explore different effects of facial feedback in order 
to improve the understanding and description of how facial feedback works. 
Six different experiments divided across three studies explored the following: 

 
1. If the voluntary facial action technique is suitable for testing the 

facial feedback hypothesis (experiments 1–6). 
2. If the effect of feedback can remain and affect us for a time after 

the facial action (experiments 2 and 4). 
3. If positive or negative emotions are easier to modulate with facial 

feedback (experiments 2, 3 and 5). 
4. If facial feedback modulates and initiates emotions equally effec-

tively (experiment 3). 
5. If facial feedback primarily enhances or attenuates ongoing emo-

tions (experiments 5 and 6). 
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6. If smiling and frowning produce equally strong feedback effects 
(experiments 5). 

7. If feedback from the facial skin is critical for the feedback effect to 
occur (experiment 6). 
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Empirical studies 

The thesis includes six experiments, divided across three studies. Experiments 
1, 2 and 3 constitute Study I, experiments 4 and 5 constitute Study II, and 
experiment 6 constitutes Study III. All experiments share a general method 
that will be described first, before each experiment is presented in more detail. 

General method 
Participants 
The participants were mostly university students, with an age range of about 
20–35 years and a balanced gender distribution across conditions in all exper-
iments. They were recruited on campus and were compensated with movie 
vouchers. No psychology students were included and no one participated in 
more than one experiment. In total, 365 persons took part across the six ex-
periments: 333 persons participated fully, 15 persons were excluded for real-
izing the true purpose of the study, and 17 persons were excluded due to fail-
ure to follow the instructions. 

Materials 
All experiments took place in a psychophysiological laboratory where the par-
ticipants were individually tested in a small sound-attenuated room seated in 
front of a screen. As part of the cover-story, and to facilitate the incidental 
manipulation, electrodes to measure facial EMG were attached to their face 
above the zygomaticus and the corrugator muscle regions. By help of a com-
puter or a slide projector, participants were exposed to two or three different 
categories of pictorial stimuli: in experiment 1 neutral faces/nature scenes, in 
experiment 2 happy/angry faces plus flowers/snakes, in experiment 3 
happy/neutral/angry faces, and in experiments 4–6 happy/angry faces. They 
were asked to react as quickly as possible when exposed to a stimulus by, 
depending on instructions, contracting either their zygomaticus muscles or 
their corrugator muscles, in this way forming smiles and frowns. They were 
also asked to keep their muscles contracted for a couple of seconds to give the 
apparatus enough time to register the muscle activity. The true reason was to 
ensure that they rated the pictures during or immediately after their smile or 
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frown. Moreover, they were required to rate how pleasant and unpleasant they 
experienced the stimuli, using pen and paper, on scales of 0–90 or 0–100 (not 
at all to very much), an indirect way of measuring the emotional impact of 
their facial muscle actions on themselves. They rated the pleasantness as well 
as the unpleasantness of the stimuli because in most experiments one pleasant 
and one unpleasant stimulus category was used. In all studies, however, the 
two rating scales were highly correlated and they were therefore merged by 
subtracting the unpleasantness ratings from the pleasantness ratings, resulting 
in a single bipolar pleasantness rating measuring from -90/-100 to 90/100.  

The voluntary facial action technique 
The method of testing facial feedback was similar in all experiments and based 
on the voluntary facial action technique, used in Dimberg et al. (2002). When 
testing facial feedback one challenge is to avoid effects of experimental de-
mand that might occur if participants are too aware of their facial expressions 
or understand that the purpose is to test if their expressions affect their emo-
tional experience. Studies of facial feedback therefore typically use elaborate 
cover-stories to get participants to incidentally form facial expressions, and 
indirect ways to measure their emotions, with the current method being no 
exception. 

The voluntary facial action technique was used by Dimberg et al. (2002) to 
study if facial muscle reactions were influenced by automatic/unconscious 
control. Participants were instructed to voluntarily react as quickly as they 
could with specific facial muscles to form either smiles or frowns as a re-
sponse to two different easily distinguishable stimulus categories, in this case 
pictures of happy/angry faces or of snakes/flowers. They were informed that 
their facial muscle reaction times would be measured in order to explore how 
fast people could voluntarily react to different kinds of stimuli with different 
muscles. In fact, the true purpose was to study if facial muscle reactions were 
influenced by automatic/unconscious responses to the stimulus exposures. In 
one condition, participants were instructed to react with their zygomatic mus-
cles when exposed to happy faces and to react with their corrugator muscles 
when exposed to angry faces. In another condition the instructions were re-
versed and they were required to react with their zygomatic muscles to angry 
faces and with their corrugator muscles to happy faces. This method enabled 
indirect instructions for participants to smile one time and to frown one time 
at every stimulus. When the participants then rated how pleasant/unpleasant 
they experienced the stimuli, a facial feedback effect would be demonstrated 
if they generally rated the pictures as more pleasant/less unpleasant when 
smiling, as compared to frowning, at them. 

The voluntary facial action technique in experiments 1–6 used a similar 
cover-story, similar instructions and the same procedure as in Dimberg et al. 
(2002) with the difference that facial EMG data only appeared to be measured 
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and with the addition that participants also rated how pleasant/unpleasant they 
experienced the stimuli. Participants were told that the reason for rating the 
pleasantness/unpleasantness of the stimuli was to control for the possibility 
that the reaction times were affected by their experience of the pictures. The 
procedures in experiments 4–6 spanned several days per participant and the 
cover-stories explained that this was done to explore how much the reaction 
times could vary from one day to another. Moreover, the use of a handheld 
device in experiments 5–6 was, according to the cover-stories, to explore the 
difference in reaction times between facial and hand muscles, while the appli-
cation of salve/lotion to the facial skin in experiment 6 was presented as stand-
ard procedure in EMG studies. In accordance with the ethics approval, partic-
ipants were given both verbal and written information about the real purpose 
of the experiment and the reasons for deceiving them as soon as it was fin-
ished. 

Study I 
Experiment 1 
Background 
The main aim of Experiment 1 was to examine if the voluntary facial action 
technique could be used in the study of facial feedback. The reason for explor-
ing a new method was that the often-used method of testing facial feedback 
by placing a pen in the mouth, pioneered by Strack et al. (1988), has some 
shortcomings. Forcing a smile with the help of a pen held between the teeth 
can be a cumbersome procedure that tends to create rigid and strained smiles 
that do not resemble natural occurring smile expressions, and these smiles also 
last longer than more natural smiles (Ekman, 1984). The inclusion of the pen 
method in many psychology textbooks has also made it well-known to stu-
dents, and technological advances have made the cover story less plausible, 
which overall limits the effectiveness of the method (Wagenmakers et al., 
2016; Noah et al., 2018; Strack, 2016). In accordance with the facial feedback 
hypothesis, participants were expected to rate a picture as more pleasant/less 
unpleasant when elevating their cheeks compared to when contracting their 
eyebrows. 

Method 
Forty-eight persons, balanced by gender, participated in experiment 1 and 
most of them were university students. They were exposed to twelve slides of 
neutral faces and twelve slides of forests and landscapes, projected onto a 
screen in front of them. The procedure consisted of two phases, performed in 
balanced order. In one phase, participants were instructed to react as quickly 
as possible by elevating the cheeks when shown a picture of a face and by 
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contracting the eyebrows when shown a nature scene. In the other phase they 
were asked instead to react by contracting the eyebrows when shown a picture 
of a face and by elevating the cheeks when shown a nature scene. In each of 
the two phases a participant was exposed to the 24 different pictures. The order 
of presentation was randomized for every participant and the same in both 
phases. After the experiment the participants were interviewed and one par-
ticipant who realized the true purpose had to be excluded and replaced. 

Design 
The participants rated each picture twice, once while smiling and the other 
time while frowning, and for each participant the 24 trials were collapsed into 
one mean for smiling and one for frowning. The results were analyzed in a 
single within-subject ANOVA with muscle (smile/frown) as the repeated 
measure. 

Results 
The participants rated the stimuli significantly higher in pleasantness when 
smiling (M = 30.93, SE = 2.20) as compared to when frowning (M = 25.76, 
SE = 2.23), (F(1,47) = 12.63, MSe = 50.82, p < 0.05, ηp

2 = 0.21). 

Discussion 
As predicted by the facial feedback hypothesis, participants rated their expe-
rience of a picture higher in pleasantness when elevating their cheeks com-
pared to when contracting their eyebrows, demonstrating a significant effect 
of facial feedback. The main aim of experiment 1 was to examine if the vol-
untary facial action technique could be used in the study of facial feedback 
and this result suggests it can. The instructions on muscle movements and rat-
ings proved to be effective for both producing and detecting a facial feedback 
effect, and the cover story was confirmed to shield the true purpose of the 
study effectively as only one participant realized the truth. The instructions 
also appear to have been easy to understand and follow as no participant re-
ported any problem doing so. It should be noted, however, that there was no 
specific manipulation check during the exposure phase so it can’t be known 
for certain that the participants moved their muscles correctly. Still, any failure 
to perform the correct muscle actions would only result in either no effects or 
effects in the opposite direction to the facial feedback hypothesis. 

Experiment 2 
Background 
The overarching aim of experiment 2 was to further test the voluntary facial 
action technique in the study of facial feedback, and another aim was to an-
swer three specific questions important for the facial feedback hypothesis. The 
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first question was whether effects of facial feedback actions persist after the 
critical facial movement. In experiment 1 the participants rated the stimuli 
during or immediately after the facial action manipulation, an approach simi-
lar to most studies in the facial feedback literature (Adelmann & Zajonc, 1989; 
Coles et al., 2019b). In fact, little attention has been directed towards how long 
an effect lasts, but a study by Ito et al. (2006) found feedback effects in an 
implicit race bias test performed after the manipulation and a distraction task, 
indicating that an effect could be detected some time after the critical facial 
action manipulation. 

The second question was if positive or negative emotions are easier to mod-
ulate with facial feedback or if both are modulated equally. This question has 
not been specifically investigated previously, but in the study by Soussignan 
(2002) significant feedback effects were found only during exposure to posi-
tive stimuli, and no effects during negative stimuli. In contrast, a study by 
Davis et al. (2009) found feedback effects when using negative, but not posi-
tive stimuli, underscoring the need for further investigation. If the modulating 
ability is independent of the emotional quality of the stimuli there should be 
no difference in feedback effects between a positive and a negative stimulus 
condition. The stimulus material in experiment 2 consisted of social stimuli, 
which were pictures of happy and angry faces, and non-social stimuli, which 
were pictures of flowers and snakes. It is well documented that people react 
in a similar positive way to pictures of happy faces and flowers, and a similar 
negative way to pictures of angry faces and snakes (Dimberg 1982; 1986). It 
has also been shown that happy faces and flowers are rated as being pleasant 
to a similar degree, and that angry faces and snakes are rated as being unpleas-
ant to a similar degree (Dimberg, 1997b). Thus, the positive and negative stim-
uli used are likely to have comparable affective valence and intensity within 
the social and non-social categories. 

The third question was whether the facial feedback effect differed between 
social and non-social stimuli. When using pictures of faces as stimuli in stud-
ies of facial feedback it raises the question if this affects the facial feedback 
effect in some specific way, or if non-social stimuli induce feedback effects 
in a comparable manner. 

Based on the facial feedback hypothesis and the empirical findings in ex-
periment 1, the participants were generally expected to rate the pictures as 
more pleasant/less unpleasant when elevating their cheeks compared to when 
contracting their eyebrows, even when rating the stimuli some time after the 
manipulation. However, there were no specific expectations regarding puta-
tive differences in feedback effects between positive and negative stimuli, or 
between social and non-social stimuli. 

Method 
Ninety-six persons, balanced by gender, participated in experiment 2. The 
same setup, apparatus and cover story as in experiment 1 were used. Half of 



 32 

the participants were exposed to pictures of happy and angry faces, while the 
others were exposed to pictures of flowers and snakes. Each of the four stim-
ulus categories consisted of six different pictures. The procedure consisted of 
two phases, performed in balanced order. In one phase they were instructed to 
react as quickly as possible by elevating the cheeks when shown a picture of 
a happy face/flower and by contracting the eyebrows when shown an angry 
face/snake. In the other phase, they were contrariwise asked to react by con-
tracting the eyebrows when shown a picture of a happy face/flower and by 
elevating the cheeks when shown an angry face/snake. A key difference com-
pared to experiment 1 was that the participants did not rate the pictures during 
the facial manipulation. Instead a short break followed each manipulation 
phase and then they watched all pictures again in the same order and rated 
how pleasant/unpleasant they experienced them without any facial manipula-
tion. The time span between manipulation and rating for each picture was ap-
proximately four minutes. After the experiment all participants were inter-
viewed and no one had realized the true purpose. 

Design 
The participants rated each picture twice, one time four minutes after smiling 
at it and one time four minutes after frowning at it. The six exposures to pos-
itive stimuli and the six to negative stimuli for each muscle manipulation were 
collapsed into separate means for smiling at positive and negative stimuli re-
spectively, and separate means for frowning at positive and negative stimuli 
respectively. Thus, the resulting ANOVA was a three factorial mixed design 
with muscle (smile/frown) and stimulus (positive/negative) as within-subject 
factors, and group (social/non-social) as a between-subjects factor. To com-
pare the feedback effects between the positive and negative stimulus condi-
tions, a priori t-tests were performed where the participants’ means for smil-
ing at positive/negative stimuli were compared with their means for frowning 
at the same stimuli. 

Results 
A first analysis of the data revealed that there was no difference in facial feed-
back effects between the social and the non-social stimulus groups, with all 
F:s < 0.46 (ns) for the group × muscle, the group × stimulus and the group × 
muscle × stimulus interactions. To simplify the analysis, the group factor was 
consequently removed and the remaining muscle and stimulus factors were 
analyzed in a two-way within-subject ANOVA. The results showed a signifi-
cant facial feedback effect with a main effect of muscle (F(1,95) = 7.29, MSe 
= 25.29, p < 0.05, ηp

2 = 0.07) where the participants overall rated the stimuli 
as more pleasant when they had smiled (M = 5.79, SE = 0.88) as compared to 
frowned (M = 4.41, SE = 0.85) at them earlier. There was no significant mus-
cle × stimulus interaction (F(1,95) = 2.36, MSe=21.67, p < 0.15), but there was 



 33

a tendency for greater difference between smiling and frowning in the nega-
tive compared to the positive stimulus condition. Correspondingly, the a pri-
ori t-tests showed no significant difference between smiling (M = 28.14, SE = 
1.49) and frowning (M = 27.48, SE = 1.45) in the positive stimulus condition 
(t(95) = 0.98, ns), but a significant difference between smiling (M = -16.55, 
SE = 1.76) and frowning (M = -18.67, SE = 1.64) in the negative stimulus 
condition (t(95) = 3.15, p < 0.05, d = 0.32).  

Discussion 
The demonstrated main effect of facial feedback further confirmed that the 
voluntary facial action technique can be used for testing facial feedback, and 
the cover story proved effective in this setting as well, as no participants real-
ized the true purpose. The effect was measured approximately four minutes 
after the facial action manipulation, suggesting that feedback effects can per-
sist for some time after the critical facial action. There was no statistically 
significant difference in facial feedback effects between the positive and neg-
ative stimulus conditions. However, there was a tendency towards a larger 
feedback effect in the negative as compared to the positive condition, which 
was also indicated by the a priori t-tests demonstrating a significant feedback 
effect only in the negative stimulus condition. Previous studies have presented 
inconsistent results regarding this question (Davis et al., 2009; Soussignan, 
2002) and the present result does not provide a clear answer. Thus, the need 
of further investigation remains and will be addressed in experiment 3. There 
was no difference in facial feedback effect between social stimuli, in the form 
of happy and angry faces, and non-social stimuli, in the form of flowers and 
snakes. This demonstrates that emotional facial stimuli induce emotions and 
feedback effect in a comparable manner to other emotional stimuli. 

Experiment 3 
Background 
As in the two preceding experiments, the first aim with experiment 3 was to 
further test the facial feedback hypothesis with the voluntary facial action 
technique. In addition, the experiment aimed to investigate one new matter 
and to continue the investigation of a question from experiment 2. To address 
these aims, participants were instructed to elevate their cheeks or contract their 
eyebrows when exposed to pictures of happy, neutral and angry faces, and to 
rate how pleasant/unpleasant they experienced the stimuli. It is well-docu-
mented that pictures of happy faces spontaneously elicit positive emotions, 
that angry faces spontaneously elicit negative emotions, and that neutral faces 
generally do not elicit any emotion (e.g. Dimberg, 1990). 

The second aim of the experiment was to compare the feedback effects be-
tween modulating and initiating facial feedback. Adelmann and Zajonc (1989) 
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defined facial feedback as facial muscle action that has the ability to modulate 
present emotions and, in the absence of emotions, to initiate an emotion. Mod-
ulating facial feedback is assumed to interact with an ongoing emotion and 
enhance or attenuate the experience of that emotion, while initiating facial 
feedback is assumed to induce an emotion when no other emotion is active. 
Support for both modulating and initiating feedback have been found for sev-
eral different facial actions and their corresponding emotions (for reviews see 
Adelmann & Zajonc, 1989; McIntosh, 1996; Coles et al., 2019b), but no pre-
vious study has compared the feedback effects in the two different situations. 
Accordingly, the focus here was to compare the feedback effects during ex-
posure to emotion-evoking pictures of happy and angry faces to the effects 
during exposure to non-emotional pictures of neutral faces. If facial feedback 
effects occur during exposure to the emotional stimuli it would be interpreted 
as a demonstration of modulating facial feedback, and if feedback effects oc-
cur during exposure to neutral faces it would be interpreted as a demonstration 
of initiating facial feedback. 

The third aim was to further investigate if facial feedback modulates posi-
tive and negative emotions differently. In experiment 2, there was no signifi-
cant difference in feedback effects between the positive and negative stimulus 
conditions, but there was a tendency towards a larger effect in the negative 
condition.  

Method 
Sixty-one persons, balanced by gender, participated in experiment 3. The 
same setup, apparatus and cover story as in experiment 1 and 2 were used. The 
stimulus material consisted of twelve pictures of four happy, four neutral and 
four angry faces. To accommodate the use of three different types of stimulus, 
the procedure needed to change slightly compared to the previous experiments 
where participants discriminated between two types. In this experiment par-
ticipants were instructed to react with elevated cheeks to every picture shown 
in one phase and to react with contracted eyebrows to every picture in another 
phase. In each phase, they were exposed to all twelve pictures and were in-
structed to rate during the exposure how pleasant/unpleasant they experienced 
the pictures. After the experiment, all participants were interviewed. Nine per-
sons who had realized the true purpose were replaced, and five additional per-
sons were replaced due to failing to follow instructions. 

Design 
The participants rated each picture twice, either while smiling or frowning. 
The four exposures within each stimulus condition were collapsed into a sin-
gle value, resulting in six different means for every participant where they 
smiled and frowned at happy, neutral and angry faces. To test the three aims 
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of the experiment, three different ANOVAs were performed. Additional a pri-
ori t-tests were performed to test the facial feedback effects within the differ-
ent stimulus conditions. 

Results 
The mean ratings of pleasantness for smiling and frowning to happy, neutral 
and angry stimuli can be found in Figure 2. The first ANOVA tested for an 
overall effect of facial feedback and data were therefore collapsed over the 
three stimulus conditions resulting in a one-way ANOVA with muscle (smile 
vs. frown) as repeated measure factor. A significant facial feedback effect was 
found as the ratings of pleasantness were overall higher when the participants 
smiled (M = 8.53, SE = 1.49) compared to when they frowned (M = 4.99, SE 
= 1.38), (F(1,60) = 7.59, MSe = 50.25, p < 0.05, ηp

2 = 0.11).  

 
Figure 2. Mean values and standard errors of rated bipolar pleasantness for the 
Happy, Neutral and Angry stimulus categories for the Smile and Frown conditions. 

The second ANOVA compared the feedback effects between modulating and 
initiating facial feedback, that is between happy and angry stimuli on one hand 
and neutral stimuli on the other hand. The data for happy and angry faces were 
therefore collapsed into a new emotional condition and this resulted in a two-
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way ANOVA with muscle (smile vs. frown) and stimulus (emotional vs. neu-
tral faces) as within subject factors. A tendency to interaction between muscle 
and stimulus was found (F(1, 60) = 3.73, MSe = 75.50, p < 0.06, ηp

2 = 0.06). 
Additionally, a priori t-tests demonstrated that it was only during the emo-
tional condition that participants rated the stimuli significantly higher when 
smiling (M = 6.24, SE = 1.81) compared to frowning (M = 1.27, SE = 1.54), 
(t(60) = 3.16, p < 0.05, d = 0.40), whereas no such effect was found between 
smiling (M = 13.09, SE = 2.13) and frowning (M = 12.42, SE = 2.34) to neutral 
stimuli (t(60) = 0.43, ns).  

The third ANOVA compared feedback effects between positive and nega-
tive stimuli and the data were consequently analyzed with muscle (smile vs. 
frown) and face (happy vs. angry) as the two within subject factors. No inter-
action was found between muscle and face (F(1,60) = 0.03, ns, ηp

2 = 0). This 
was also indicated by the a priori t-tests between smiling and frowning for 
both the happy faces (t(60) = 2.42, p < 0.05, d = 0.31) and the angry faces 
(t(60) = 2.67, p < 0.05, d = 0.34), demonstrating that significant facial feed-
back effects were present both during positive and negative stimuli. 

Discussion 
An overall effect of facial feedback was found, once again demonstrating that 
the voluntary facial action technique is well suited for testing the facial feed-
back hypotheses. It was also found that only the happy/angry stimuli induced 
a significant feedback effect, while the neutral did not, demonstrating support 
for modulating but not initiating facial feedback. Previous studies have found 
support for initiating feedback (Adelmann & Zajonc, 1989; McIntosh, 1996; 
Coles et al., 2019b) and one difference between these studies and the present 
is that the neutral stimuli in our study were intermixed with emotion evoking 
stimuli while previous studies typically presented only neutral stimuli. It is 
possible that mixing neutral stimuli with emotion evoking ones is not an ideal 
situation for testing initiating feedback, and that a better design would be to 
test modulating and initiating feedback on separate occasions. Nevertheless, 
the present results do suggest that modulating feedback effects are both easier 
to induce and generally of larger magnitude. 

Moreover, the happy and the angry stimuli both induced similar significant 
feedback effects, indicating that modulating feedback is independent of the 
valence of the emotion. However, in experiment 2 there was a tendency to a 
larger feedback effect to negative stimuli, and one difference between the two 
experiments was that experiment 3 measured the effect during the manipula-
tion and experiment 2 a couple of minutes afterwards. One possible explana-
tion to this difference could therefore be that feedback effects to positive stim-
uli extinguish faster than feedback effects to negative stimuli, a question that 
will be further investigated in experiment 4. Finally, the method in experiment 
3 was adjusted to allow for three different types of stimulus and therefore did 
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not require participants to discriminate between two different stimulus cate-
gories and react with different muscles. Instead, they reacted with the same 
muscle actions repeatedly throughout each phase, a key change compared to 
the method in experiments 1 and 2. This change might have made the true 
purpose of the experiment more obvious and the cover story weaker, because 
nine participants realized the true purpose in experiment 3 compared to only 
one person in the two previous experiments. In sum, even though the method 
in experiment 3 successfully induced and detected facial feedback effects, one 
takeaway is that the discrimination task is integral to the voluntary facial ac-
tion technique and that the method used in experiments 1 and 2 should be 
preferred if possible. 

Study II 
Experiment 4 
Background 
The aim of experiment 4 was to further investigate the persistence of facial 
feedback that was found in experiment 2, where an effect was found about 
four minutes after the critical facial actions. A limitation in experiment 2 was 
that no effect was measured during the facial actions and it is unclear if the 
form or intensity of the feedback effect had changed during the four minutes. 
It is also unclear for how long the effect persisted as no measurements later 
than four minutes were made. Consequently, experiment 4 measured the feed-
back effect during the facial actions, five minutes after the actions and one day 
after the actions. Considering the existing body of empirical findings, a feed-
back effect during the facial actions was expected and based on the results in 
experiment 2 an effect after five minutes could be expected as well, but there 
were no expectations for the outcome after one day as it had not been investi-
gated before. 

Method 
Thirty-two persons, balanced by gender, participated in the experiment. The 
setup, procedure and cover story were essentially the same as in the previous 
experiments, but some changes were made to facilitate measurements across 
several days. The cover story was embellished to include claims that the ex-
periment aimed to compare reaction times in the hand with the reaction times 
in facial muscles, and that another aim was to see how much the reaction time 
could vary over different days. The stimulus material consisted of six pictures 
of happy faces and six pictures of angry faces displayed on a computer screen 
in front of them. In a distraction task, participants pressed a button on a 
handheld device to seemingly register their reaction time in response to dis-
played pictures of circles and triangles, three of each. 
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Participants attended the lab on three separate days within the same work-
week. They performed two nearly identical cycles of testing (congruent/in-
congruent reactions) and in each cycle they rated the stimuli during action, 
after five minutes and after one day. In the congruent cycle they reacted by 
elevating their cheeks to happy pictures and contracting their eyebrows to an-
gry pictures, with instructions reversed in the incongruent cycle. The rating 
phases during action were similar to the method used in experiments 1 and 3. 
In the ratings phases after five minutes and one day, the participants were in-
structed to keep their faces relaxed while they were exposed to and rated the 
stimulus pictures. Consequently, and as can be seen in Table 1, the procedure 
consisted of six different test phases. 

Table 1. The testing procedure over three days. 

Day one Day two Day three 

• Introduction 
• First phase: congruent (or 

incongruent) reactions, rat-
ing during action 

• Distraction task (4 min) 
• Second phase: no reac-

tions, ratings after five 
minutes 

• Third phase: no reactions, 
ratings after one day 

• Distraction task (4 min) 
• Fourth phase: incongruent 

(or congruent) reactions, 
ratings during action 

• Distraction task (4 min) 
• Fifth phase: no reactions, 

ratings after five minutes 
 

• Sixth phase: no reactions, 
ratings after one day 

• Debriefing interview 

After the final rating phase participants were interviewed to determine if they 
at any point had realized the true purpose of the experiment, which none of 
them had. However, five persons failed to follow instructions and were there-
fore replaced. 

Design 
The participants rated each picture six times, during the smiling and frowning 
facial actions, five minutes after the two actions and one day after the two 
actions. Because the purpose of the study was to compare the magnitude of 
facial feedback effect at different points in time, a new dependent variable 
specifically representing this was created. The facial feedback effect (FFE) 
score was calculated for each rated picture by subtracting the frown rating 
from the corresponding smile rating within each condition of time. A positive 
value in the resulting score thus indicated a facial feedback effect. Moreover, 
after initial analysis revealed no difference in feedback effect between happy 
and angry stimuli, the ratings of the twelve happy and angry pictures were 
collapsed so that each participant had one mean FFE score for each condition 
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of time. To analyze the data, a single-factor within-subject ANOVA was per-
formed with the conditions during action vs. after five minutes vs. after one 
day. 

Results 
There was a significant main effect (F(2,62) = 4.57, MSe = 147.12, p < 0.05, 
ηp

2 = 0.13) and as seen in Figure 3 this was due to a much higher mean FFE 
score during action (M = 7.42, SE = 3.41) as compared to the scores after five 
minutes (M = -1.01, SE = 2.27) and after one day (M = 0.08, SE = 1.66). Sub-
sequent t-tests further confirmed that the mean FFE score during action was 
significantly higher than the score after five minutes (t(31) = 2.78, p < 0.05, d 
= 0.69) and after one day (t(31) = 2.42, p < 0.05, d = 0.61). Additional one-
sample t-tests also demonstrated that only the mean FFE score during action 
differed significantly from zero (t(31) = 3.46, p < 0.05, d = 0.61).  

 
Figure 3. Mean Facial feedback effect (FFE) score during action, after five minutes, 
and after one day, with error bars representing one standard error. 

Discussion 
As expected there was a significant facial feedback effect during the facial 
action, but there were no effects after five minutes or one day, suggesting that 
the effect of facial feedback primarily occurs at the same time as the facial 
action is performed. Thus, experiment 4 did not replicate the result of experi-
ment 2, where an effect of facial feedback was detected about four minutes 
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after the facial action. The two experiments had slightly different designs, 
where experiment 4 measured the effect at three different points in time and 
also included specific distraction tasks. It is possible that these differences 
could account for the diverging results and the most likely explanation would 
then be that any remaining effects were erased by the distraction tasks, imply-
ing an effect of facial feedback that is initially strong and influential but also 
short-lived and easily dissipated. 

As compared to experiments 1–3, the procedure in experiment 4 spanned 
several days, which presented a challenge when participants had to believe the 
cover story for half a week instead of for just an hour. Fortunately, not a single 
participant realized the true purpose, further confirming that the cover story 
used in the voluntary facial action technique is robust and flexible.  

Experiment 5 
Background 
In experiments 1–4, significant facial feedback effects were found. However, 
similar to many previous studies (Adelmann & Zajonc, 1989; McIntosh, 
1996), these feedback effects were calculated as the difference in ratings be-
tween smiling actions and frowning actions, which do not reveal the separate 
contributions of each facial action to the total feedback effect. It is possible 
that the feedback effects found in experiments 1–4 only occurred during smil-
ing actions or only as a result of enhancing modulation. It is impossible to 
know. Therefore, to allow for an examination of each muscle action’s separate 
feedback effect and to address these questions, experiment 5 introduced two 
neutral control conditions to the voluntary facial action technique. In line with 
the cover story of measuring reaction times, the neutral actions were to press 
a button on a handheld device and/or to do nothing. Consequently, the partic-
ipants would ostensibly test their reaction times in two different phases: one 
facial phase where they would react with either a smile or a frown to pictures 
of happy and angry faces, and one neutral phase where they would react by 
either pressing a button or doing nothing to the same set of pictures. With the 
help of these neutral actions, the specific feedback effects of smiling and 
frowning can be calculated by separately comparing the ratings when smiling 
or frowning to the neutral ratings. For example, there would be a specific feed-
back effect of smiling if the ratings when smiling were higher than the neutral 
ratings, and there would be a specific feedback effect of frowning if the ratings 
when frowning were lower than the neutral ratings. With this design, experi-
ment 5 aimed to address three questions. 

The first question was if facial feedback primarily enhances or attenuates 
present emotions. Enhancing modulation is when smiling further enhances the 
positivity of a present positive emotion and when frowning further enhances 
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the negativity of a present negative emotion. In contrast, attenuating modula-
tion is when frowning attenuates the positivity of a positive emotion and when 
smiling attenuates the negativity of a negative emotion. In the literature on 
facial feedback, both enhancing and attenuating modulation have been demon-
strated, but there are no previous studies that have compared the two in a man-
ner that could investigate if feedback is more effective to enhance or attenuate 
emotions (Adelmann & Zajonc, 1989; McIntosh, 1996; Coles et al., 2019b). 
In the pen study by Strack et al. (1988), a neutral muscle condition was in-
cluded where participants rated the funniness of cartoons with the non-domi-
nant hand. The results showed the funniness ratings to be highest for partici-
pants who had been facilitated to smile with a pen between their teeth, lowest 
for participants who had been inhibited to smile with a pen between their lips, 
and the neutral ratings to be perfectly placed in the middle. Thus, the study 
demonstrated modulating feedback that was equally effective at enhancing 
and attenuating a positive emotion. Soussignan (2002) adopted almost the 
same method as Strack et al. (1988), but with both positive and negative emo-
tional stimuli, and the neutral muscle condition was to hold the pen in the 
mouth in a way that relaxed most muscles. The results showed the smile group 
to have significantly higher ratings than the other groups, but only to positive 
emotional stimuli. There were no feedback effects at all to negative stimuli. 
Furthermore, there was no difference in ratings between the group that had the 
pen between the lips and the neutral control group. That is, the results of the 
study suggest facial feedback primarily enhances present positive emotions. 
However, it is necessary to note that the negative muscle condition in the two 
studies, to hold a pen between the lips, does not constitute a complete and 
valid expression of anger (Ekman & Friesen, 1975; Hjortsjö, 1970), because 
it does not engage the essential frowning action. Therefore, it is possible that 
the use of a more effective negative facial action could have resulted in 
stronger attenuating modulation of the positive emotions.  

The second question was if smiling or frowning generally produces a 
stronger feedback effect than the other, or if they produce equally strong feed-
back effects. The happy smile and the angry frown are powerful emotional 
expressions and it is well established that both induce facial feedback. How-
ever, it remains unknown if they are equally effective when it comes to mod-
ulating our present emotions.  

The third question was if positive or negative emotions are easier to mod-
ulate with facial feedback. This question has been addressed in both experi-
ments 2 and 3 with no significant differences found between them in regards 
to feedback effects, but previous contradictory results by Soussignan (2002) 
and Davis et al. (2009) called for further investigation.  

Method 
Sixty-four persons, balanced by gender, participated in the experiment. The 
setup, apparatus and cover story were essentially the same as in the previous 
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experiments. The stimulus material consisted of the same six pictures of happy 
faces and six pictures of angry faces that were used in experiment 4. Partici-
pants began either with the facial phase, where they had electrodes attached 
on their facial muscles and were instructed to react with either their smile or 
frown muscles, or with the neutral phase where they were instructed to react 
either by pressing a button on the handheld device or by doing nothing, and 
then continued with the other phase after a short break. Within each phase, 
they were exposed to the stimulus pictures twice in two cycles. In the facial 
phase they elevated the cheeks to happy pictures and contracted the eyebrows 
to angry pictures in one cycle and followed the reverse instructions in the 
other. In the neutral phase, they pressed a button on the handheld device to 
happy pictures and did nothing to angry pictures in one cycle and the reverse 
in the other. After the experiment, participants were interviewed and five per-
sons were replaced due to realizing the true purpose of the study, and five 
additional persons were replaced due to failure of following instructions. 

Design 
The participants rated each picture four times, during smiling, frowning and 
two different neutral conditions that were merged. Because the purpose of the 
study was to measure and compare the magnitude of the feedback effects of 
smiling and frowning in enhancing and attenuating situations respectively, a 
new dependent variable specifically representing each muscle action was cre-
ated. The specific facial feedback effect (SFFE) scores were calculated by 
comparing the ratings when smiling and the ratings when frowning to the rat-
ings in the neutral condition, effectively transforming the ratings into a score 
for absolute values of feedback effect. The SFFE score for smiling was calcu-
lated by subtracting the ratings in the neutral condition from the ratings when 
smiling, while the SFFE score for frowning was calculated by subtracting the 
ratings when frowning from the ratings in the neutral condition. This proce-
dure resulted in four mean SFFE scores for each participant, one score for 
smiling and one for frowning during positive emotions, and one score for smil-
ing and one for frowning during negative emotions. The three questions of the 
study were evaluated in three separate single factor ANOVAs, one for modu-
lation (enhancing vs. attenuating), one for muscle (smiling vs. frowning), and 
one for emotion (positive vs. negative), with the four mean scores ordered 
differently for each analysis.  

Results 
To compare the feedback effects between enhancing and attenuating modula-
tion, the four mean SFFE scores of each participant were collapsed into two 
mean scores, one for enhancing modulation (smiling during positive and 
frowning during negative) and one for attenuating (frowning during positive 
and smiling during negative). The result of the one-way within-subject 
ANOVA (enhancing vs. attenuating) was a significant effect (F(1,63) = 4.15, 
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MSe = 210.58, p < 0.05, ηp
2 = 0.06) and as seen in the left panel of Figure 4 

this was due to higher SFFE scores in attenuating (M = 4.29, SE = 1.56) com-
pared to enhancing modulation (M = -0.93, SE = 1.21). Additional one-sample 
t-tests found that only the attenuating score differed significantly from zero 
(t(63) = 2.36, p < 0.05) and reflected a facial feedback effect. 

 
Figure 4. Mean Specific facial feedback effect (SFFE) scores for (left) enhancing 
and attenuating modulation, (middle) smiling and frowning, and (right) during posi-
tive and negative emotions, with error bars representing one standard error. 

To compare the feedback effects between smiling and frowning, the four mean 
SFFE scores were collapsed into the two mean scores smiling (during positive 
and negative) and frowning (during positive and negative). The one-way 
within-subject ANOVA (smiling vs. frowning) showed no effect (F(1,63) = 
0.31, MSe = 153.58, ns, ηp

2 = 0.01), and as seen in the middle panel of Figure 
4 there was no major difference in SFFE scores between when participants 
smiled (M = 1.07, SE = 1.26) and frowned (M = 2.29, SE = 1.18). 

To compare the feedback effects during positive emotions with the effects 
during negative emotions, the four mean SFFE scores were collapsed into the 
two mean scores (smiling and frowning during) positive and negative emo-
tions. The one-way within-subject ANOVA (positive vs. negative) revealed a 
non-significant trend (F(1,63) = 3.27, MSe = 46.65, p < 0.10, ηp

2 = 0.05) with 
slightly higher scores during positive (M = 2.77, SE = 0.83) than negative 
emotions (M = 0.59, SE = 0.80), as can be seen in the right panel of Figure 4. 

Initial discussion 
The results suggest that facial feedback primarily affects us when the per-
formed facial action is incongruent with and attenuates a present emotion. In 
fact, there were no feedback effects at all when the facial action was congruent 
with the present emotion and this absence is unexpected considering previous 
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studies that have demonstrated enhancing modulation (e.g., Soussignan, 2002; 
Strack et al., 1988). One explanation for the diverging results could be that 
experiment 5 was specifically designed to evaluate possible differences be-
tween enhancing and attenuating modulation and that this approach revealed 
attenuating effects in a way previous studies could not. Still, because the pri-
marily attenuating modulation in the present study was unexpected, it would 
be valuable with more data on the subject before drawing further conclusions. 
In light of this, it became apparent that the data in experiment 4 could be trans-
formed and reanalyzed in a way that would allow further investigation of the 
main questions of experiment 5. 

Reanalysis of experiment 4 
If the primarily attenuating modulation found in experiment 5 represents a 
genuine effect it should be possible to replicate it in other experiments where 
enhancing and attenuating modulation can be compared. As it happens, exper-
iment 4 can be considered such an experiment since it was demonstrated that 
there were no effects at all of facial feedback after five minutes and after one 
day. Consequently, these later conditions could be assumed to reflect a more 
neutral condition where participants were not influenced by facial feedback, 
which would enable the specific feedback effects of smiling and frowning to 
be discerned. Following the same procedure for transformations and analysis 
as in experiment 5, and using the ratings after one day as the neutral muscle 
condition, a corresponding set of four mean SFFE scores for each participant 
were created and then evaluated in three separate single-factor ANOVAs. 

The analysis of enhancing and attenuating modulation revealed signifi-
cantly higher SFFE scores in attenuating modulation (M = 10.31, SE = 2.90) 
compared to enhancing (M = -2.89, SE = 2.32), (F(1,31) = 10.92, MSe = 
255.49, p < 0.05, ηp

2 = 0.26). Additional one-sample t-tests found that only 
the attenuating score (t(31) = 3.65, p < 0.05) represented a significant facial 
feedback effect, while the enhancing score was not different from zero (t < 
1.05). This replicates the results in experiment 5 and further suggests that fa-
cial feedback almost exclusively affects us when the performed facial action 
is incongruent with and attenuates a present emotion. 

Regarding the two other questions, there was no significant difference be-
tween the conditions when participants smiled (M = 6.60, SE = 2.11) and 
frowned (M = 0.82, SE = 2.33), (F(1,31) = 4.09, MSe = 130.53, p < 0.10, ηp

2 = 
0.12), and also no significant difference (F(1,31) = 0.42, MSe = 166.57, ns, ηp

2 
= 0) between positive (M = 4.75, SE = 2.12) and negative (M = 2.67, SE = 
2.55) emotions. 

Concluding discussion 
Facial feedback effects were in both experiment 5 and the reanalysis of exper-
iment 4 found almost exclusively in situations where the performed facial ac-
tion was incongruent with and attenuated the emotion induced by the stimuli. 
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In situations where the facial action was congruent with and could have en-
hanced the emotion there were no feedback effects at all. In the facial feedback 
literature there are no obvious explanations for the demonstrated results. One 
potential explanation could perhaps be found in the field of automatic facial 
reactions to emotional stimuli (e.g., Dimberg et al., 2000; 2002), where studies 
(e.g., Wood et al., 2016a, 2016b) suggest that incongruent facial actions can 
disrupt the automatic mimicry of facial stimuli and that this lack of mimicry 
might lower the general impact of the stimulus. If this is the case, it could 
explain the attenuating effect of incongruent facial actions, but it would not 
explain the absence of an enhancing effect from congruent actions. Another 
potential explanation could be if the function of emotional facial actions pri-
marily is to initiate corresponding affect programs (Tomkins, 1962). If that is 
the case, any congruent voluntary facial action would have been superfluous 
in the present experimental design because affect programs were already ini-
tiated by emotional stimuli. The incongruent facial actions, on the other hand, 
might have initiated conflicting affect programs that could have reduced the 
intensity of the originally initiated programs. 

The second question was if smiling or frowning produces a stronger feed-
back effect than the other. In the results, neither experiment 5 nor the reanal-
ysis of experiment 4 found any significant differences in effect between them. 
These results indicate that smiles and frowns produce modulating feedback 
effects that are roughly equal in strength, and also demonstrate that the ob-
served attenuating effects were present both when participants smiled during 
negative emotions and when they frowned during positive emotions.  

The third question was if positive or negative emotions are easier to mod-
ulate with facial feedback. This question has been addressed in all of experi-
ments 2–5 and no significant effects have been found, demonstrating that pos-
itive and negative emotions appear equally sensitive to modulation by facial 
feedback.  

Study III 
Experiment 6 
Background 
Most theories on facial feedback agree with the definition that emotion-rele-
vant facial muscle actions cause sensory feedback that influences the subjec-
tive experience of emotion (Adelmann & Zajonc, 1989; Buck, 1980; McIn-
tosh, 1996). However, there are different hypotheses on from where the sen-
sory feedback originates, if it is proprioceptive feedback from facial muscle 
stretch receptors (Adelmann & Zajonc, 1989; Rinn, 1984) or tactile receptive 
feedback from the facial skin (Gellhorn, 1964; Tomkins, 1980; Izard, 1990). 
Particularly Tomkins (1980) emphasized feedback from the facial skin as the 
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primary source for facial feedback, arguing that the skin is more sensitive than 
the muscles as it has a higher density of mechanoreceptors that can provide 
highly differentiated feedback from emotion-specific movement patterns. In 
the literature, no studies have attempted to empirically test if facial feedback 
originates from the facial skin or the muscles. However, the results in the stud-
ies by Mori and Mori (2010; 2013) could be interpreted as evidence of a facial 
feedback effect without any activation of the facial muscles. In these studies, 
a feedback effect was demonstrated with a method that arranged facial expres-
sions on participants using elastic adhesive bandages and without any muscle 
actions. One possible source of this passive facial feedback could be tactile 
receptive feedback from the facial skin, even though it remains hard to deter-
mine what effect the adhesive bandages might have had on the facial skin in 
these experiments. 

The first aim of experiment 6 was, therefore, to investigate if feedback from 
the facial skin is critical for the facial feedback effect to occur. To test this, a 
new element to the research method was introduced where the participants’ 
facial skin over the zygomatic and corrugator muscle regions was anesthetized 
by a lidocaine based anesthetic salve in one condition and compared to a con-
trol condition without anesthetization. If the anesthetization would result in 
significantly weaker feedback effects compared to the control condition then 
it would indicate that feedback from the facial skin is critically important for 
the facial feedback effect. If, on the contrary, there would be significant feed-
back effects despite anesthetization and this effect would be on par with the 
control condition then it would indicate that afferent feedback from the facial 
skin is not critical for the feedback effect.  

A second aim was to replicate the findings in experiment 5 where incon-
gruent voluntary facial actions produced attenuating feedback effects while 
congruent voluntary actions did not lead to enhancing effects. The replication 
will be successful if the results demonstrate that only incongruent facial ac-
tions produce feedback effects while congruent actions do not. 

Method 
Thirty-two persons, balanced by gender, participated in the experiment. The 
setup, apparatus, stimulus pictures and cover story were the same as in exper-
iment 5. Before the testing began, a lidocaine based local anesthetic Xylocain® 
salve was used to anesthetize the skin on the forehead and both sides of the 
face excluding the areas close to the eyes, the nose and the mouth. Lidocaine 
functions by impeding conduction of the nerve fibers and applied to the skin 
it has been demonstrated to be highly effective in reducing the pain sensation 
from painful dermatological procedures, without affecting the muscles be-
neath the skin (Alster, 2013; Sobanko et al., 2012). In the control condition, a 
perfume-free skin lotion was applied instead. The participants were not aware 
of the two different products and were only informed that applying a so-called 
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contact salve was a standard way to improve the electric contact between the 
EMG electrodes and the skin.  

Participants attended the laboratory on two consecutive days. The two days 
followed identical procedures and the only difference was that the anesthetic 
salve was applied one day and the skin lotion the other, with the order of days 
balanced amongst the participants. After the salve/lotion had been applied 
they were introduced to the procedure and performed a short warm-up session, 
all in order to give the anesthetic salve ten minutes to reach full effect. After 
the warm-up session, the real testing began and it followed the procedure in 
experiment 5 with one phase where they were instructed to react with either 
their smile muscles or frown muscles and one phase where they reacted either 
by pressing the button or by doing nothing, while being exposed to the twelve 
pictures of happy and angry persons and rating them. At the end of the second 
day, participants were interviewed to determine if they had realized the true 
purpose of the experiment, which no one had, but two persons were replaced 
due to failure of following instructions. 

Design 
The participants rated the pictures four times while anesthetized and four 
times without anesthetization, during the conditions smile, frown and two dif-
ferent baselines that were merged. This resulted in twelve mean values of rated 
bipolar pleasantness for each participant that were analyzed using a three-way 
within-subject ANOVA with the factors muscle action (smile vs. frown vs. 
baseline), facial skin anesthetization (anesthetization vs. control), and stimu-
lus (happy pictures vs. angry pictures).  

Results 
The results revealed an overall effect of facial feedback as there was a signif-
icant main effect of the muscle factor (F(2,62) = 7.66, MSe = 207.92, p < 0.05, 
ηp

2 = 0.20) with the mean ratings across all conditions higher in pleasantness 
when the participants smiled (M = 13.96, SE = 1.25), lower when they frowned 
(M = 6.98, SE = 1.60), and with the baseline ratings in between (M = 11.36, 
SE = 0.86). 
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Figure 5. Mean values and standard errors of rated bipolar pleasantness for the 
smile, baseline and frown muscle conditions in the control and anesthetization con-
ditions, with the data collapsed over the happy and angry stimulus picture condi-
tions. Higher values indicate more pleasantness. 

There was no effect of the facial skin anesthetization procedure on the ratings, 
with no significant overall difference between the presence and absence of 
anesthetization (F(1,31) = 0.24, MSe = 238.62, ns, ηp

2 = 0.01), and no signifi-
cant interactions involving the anesthetization factor, all F:s < 1.63 (ns). The 
overall mean ratings for the anesthetization × muscle interaction are presented 
in figure 5 and, as predicted, there was a significant facial feedback effect in 
the control condition (t(62) = 6.08, p < 0.05, d = 1.08), with higher overall 
ratings when the participants smiled (M = 12.86, SE = 1.23) as compared to 
when they frowned (M = 6.92, SE = 1.76). Importantly, in the anesthetization 
condition there was a similar significant overall feedback effect (t(62) = 8.20, 
p < 0.05, d = 1.45), with higher ratings when smiling (M = 15.05, SE = 1.58) 
as compared to frowning (M = 7.03, SE = 1.87), further supporting the con-
clusion that the facial skin anesthetization procedure had no inhibiting effect 
on the facial feedback produced in the study. 
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Figure 6. Mean values and standard errors of rated bipolar pleasantness for the 
smile, baseline, and frown muscle conditions while exposed to happy or angry stim-
ulus pictures, with the data collapsed over the anesthetization and control conditions. 
Higher values indicate more pleasantness. 

Lastly, there was a significant muscle × stimulus interaction effect (F(2,62) = 
4.97, MSe = 142.32, p < 0.05, ηp

2 = 0.14) that provided a more accurate expla-
nation for the overall facial feedback effect found. As is evident in figure 6, 
the main cause of the interaction effect is that the incongruent facial actions 
differ from the congruent and baseline actions in both of the two stimulus 
conditions. That is, in the happy pictures condition the ratings when partici-
pants frowned (M = 52.32, SE = 5.43) were significantly lower compared to 
when they smiled (M = 61.58, SE = 4.39), (t(62) = 4.39, p < 0.05, d = 0.78), 
and to the baseline ratings (M = 61.41, SE = 4.48), (t(62) = 4.31, p < 0.05, d = 
0.76). This was reversed in the angry pictures condition where the ratings 
when they smiled (M = -33.67, SE = 4.82) were significantly higher compared 
to when they frowned (M = -38.37, SE = 4.47), (t(62) = 2.23, p < 0.05, d = 
0.39), and to the baseline ratings (M = -38.69, SE = 4.27), (t(62) = 2.38, p < 
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0.05, d = 0.42). These results replicate the findings in experiment 5, that vol-
untary facial actions incongruent with ongoing emotional states attenuate 
them, but facial actions congruent with the ongoing states fail to enhance 
them. 

Discussion 
Facial feedback effects were prominent both with and without anesthetization 
of the facial skin above the zygomatic and corrugator muscles. This lack of 
difference between the conditions indicates that the facial skin is not critically 
involved in facial feedback and it provides no support for the hypothesis that 
tactile receptive feedback from the facial skin is a primary source for facial 
feedback. 

Anesthetization of the skin was achieved with the help of a salve containing 
5% lidocaine. The skin was cleaned before application of the salve to remove 
any layers of for example make-up or dirt that could make it harder to pene-
trate, and ten minutes passed before the start of the experiment to ensure a full 
anesthetic effect to a dermal depth of around 2 mm (Alster, 2013; Sobanko et 
al., 2012). Lidocaine is highly effective, but effects may have varied between 
participants due to individual circumstances and no checks to assess the de-
gree of anesthetization were performed during the experiment as it could have 
jeopardized the cover story. It is possible that degree of anesthetization could 
covary with the strength of feedback effect, but considering that feedback ef-
fects were overall higher with anesthetization than without, albeit non-signif-
icantly, it is unlikely that it would change the main conclusion. Moreover, 
mechanoreceptors beneath a depth of 2 mm were not anesthetized in the study, 
so it is possible that the feedback could have originated from such deeper-
lying afferents under the facial skin, but if so this would represent a separate 
mechanism altogether as the one proposed by Tomkins (1980) and tested in 
this thesis. 

The replication of the findings in experiment 5 was successful as the results 
demonstrated that incongruent voluntary facial actions produced attenuating 
feedback effects while congruent voluntary facial actions did not lead to en-
hancing effects. This pattern of results has now been found in three separate 
experiments and should be considered a reliable effect with the current 
method. It still contradicts other results within the field and has no obvious 
explanation, so conclusions need to be made with caution until the findings 
have been replicated in other settings with alternative methods. 
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General discussion 

Main findings 
Taken together, the experiments in the thesis demonstrate consistent support 
for the modulating function of facial feedback and establish that the voluntary 
facial action technique is well-suited to induce and detect facial feedback ef-
fects. The experiments have improved the description and clarified the condi-
tions of the facial feedback hypothesis in a series of findings. Foremost, it was 
discovered that feedback effects in experiments 4–6 almost exclusively were 
a result of voluntary incongruent facial actions that attenuated ongoing emo-
tional states, while voluntary congruent facial actions lead to no enhancing 
feedback effects at all. Additionally, it was found that feedback effects pri-
marily occur during the relevant facial action, that feedback more easily mod-
ulates emotions than initiates them, and that feedback from the facial skin does 
not appear to play a critical role in facial feedback. Finally, it was concluded 
that smile and frown actions generally produce feedback effects to a similar 
degree, and that positive and negative emotions seem to be equally receptive 
to modulating feedback. 

Discussion of the results 
The main discovery in the present thesis was that facial feedback in experi-
ments 4–6 almost exclusively attenuated ongoing emotions, with no enhanc-
ing feedback effects at all. This was an unexpected result that contradict nu-
merous previous studies that have found enhancing feedback effects. The ef-
fects are also difficult to explain, as there are no previous studies that have 
found similar effects and none of the facial feedback theories really predict 
this type of results. Consequently, the first inclination is to try to find if there 
were any specific circumstances in the present experiments that could explain 
the diverging results.  

With the voluntary facial action technique, the facial feedback effect is pro-
duced during a short key sequence when participants are first exposed to an 
emotional stimulus and as quickly as possible perform a voluntary facial ac-
tion and then immediately rate how pleasant/unpleasant they experience the 
stimuli to be. During this short sequence there are a number of things that are 
assumed or thought to happen with the participant’s emotional state and facial 



 52 

muscles and it could therefore be helpful to break the sequence down into its 
key parts and clarify what is believed to be happening. 

The first key part is the exposure to the emotional stimulus and what hap-
pens during the fraction of a second before the participants are able to volun-
tarily react. The first assumption is that the pictorial stimuli induce correlating 
emotions in the participants or no emotion for the neutral stimuli. Previous 
studies demonstrate that the pictures of smiling and frowning faces, as well as 
the pictures of flowers and snakes, used in the experiments induce positive 
and negative emotions respectively, as indicated by both facial reactions and 
self-reported subjective emotional experience (e.g., Dimberg, 1982; 1990; 
Dimberg et al., 1998; 2000; 2002; Lundquist and Dimberg, 1995; Rymarczyk 
et al., 2016; 2018), while the neutral faces have been demonstrated to gener-
ally not induce any emotion (e.g., Dimberg, 1990). It was not possible to con-
trol if the desirable emotions were evoked since the participants also per-
formed the facial muscle actions which were expected to induce similar or 
opposite emotions through facial feedback.  

The second effect assumed to happen is that the participants when they are 
exposed to the emotional stimuli spontaneously and unconsciously react with 
their corresponding facial muscles (e.g., Dimberg et al., 2000; 2002). These 
evoked facial reaction patterns are automatic, very quick and are thought to be 
a combination of spontaneous reactions to the valence of the stimuli and au-
tomatic mimicking responses. Facial feedback from these automatic reactions 
are also thought to play an integrated part of the process that evokes the emo-
tional state (Hatfield et al., 2011; Lundqvist & Dimberg, 1995; Niedenthal et 
al., 2017). Importantly, these initial automatic facial reactions are activated 
even though people are instructed not to move their facial muscles (Dimberg 
et al., 2002), which means that initial automatic facial reactions were likely to 
be present in both the smile, frown and baseline conditions. It is therefore im-
portant to note that the baseline condition is not a neutral condition per se, but 
rather it is identical to the two other conditions although without the specific 
instructions to voluntarily perform facial actions. That is, the key difference 
between the baseline condition and the two other muscle conditions was that 
the initial reactions were followed by voluntarily performed facial actions in 
the smile and frown conditions. 

The second key part is when the participants react with a voluntary smile 
or frown. Here it was assumed that the participants followed the instructions 
and performed the correct muscle action. They were interviewed after the ex-
periment to see if they had performed the actions correctly, but there was no 
specific manipulation check during the exposure and it is therefore not possi-
ble to know how well they actually performed the actions. However, much 
care was taken during the introduction to inform the participants about every 
instruction and there were no indications in any of the experiments that the 
instructions were hard to understand or follow. Moreover, in the original facial 
action studies by Dimberg et al. (2002), where the facial muscle activity was 
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measured, there were no indications that it was difficult to follow the instruc-
tions or to perform the facial muscle actions. It should also be noted that a 
failure to follow the muscle action instructions would in fact work against the 
facial feedback hypothesis and lead to either no effects or contradictory ef-
fects.  

Another assumption during the voluntary reactions is that the initial auto-
matic reactions affect the voluntary facial actions by facilitating congruent ac-
tions (e.g., Dimberg et al., 2002). For example, people who are exposed to a 
positive stimulus react quickly and automatically with their smile muscles 
even before they are consciously aware of the valence of the stimulus. Then, 
if they are instructed to voluntarily react with a smile and/or a frown to the 
positive stimulus, the voluntary smile will be formed faster and be more pro-
nounced than the voluntary frown that requires more time and is less pro-
nounced. The same is true for a negative stimulus, which facilitates a faster 
and stronger voluntary frown, as compared to a voluntary smile. It is therefore 
interesting that even though a congruent facial action is faster and stronger, as 
compared to an incongruent action, it was the latter actions that primarily 
modulated the emotional experiences. It is also possible for an incongruent 
voluntary facial action to disrupt the automatic mimicry of a facial stimulus, 
and thereby lessen the emotional impact of it, if it is performed simultaneously 
as the automatic reactions (e.g., Wood et al., 2016a; 2016b). In the present 
experimental paradigm, the voluntary actions come after the initial automatic 
reactions, but it is still possible that they could have disrupted the mimicry. 

One final assumption during the key sequence is that the smile and frown 
actions were comparable in difficulty and effort to perform. In the original 
facial action studies by Dimberg et al. (2002), the EMG activity of the facial 
muscles were measured and no overall difference in muscle activity was found 
between the zygomatic and corrugator muscle actions, indicating that the mus-
cular effort of smiling and frowning were comparable. Moreover, to investi-
gate if repeated frowning could be more difficult than repeated smiling, and 
thereby cause more unpleasantness, the data of experiment 1 were re-analyzed 
to see if the difference in ratings between the smile and frown conditions 
would increase as a function of trials. The analysis revealed that the ratings in 
the smile condition were consistently higher than the frown condition ratings 
throughout the experiment, indicating that the difference between smiles and 
frowns can’t be explained simply as an effect of repeatedly-performed differ-
ent facial actions. 

The findings in the present thesis that feedback effects almost exclusively 
were a result of voluntary incongruent facial actions, and that voluntary con-
gruent facial actions lead to no feedback effects at all, were unexpected. It 
may seem to contradict the facial feedback hypothesis and an empirical body 
of literature on the subject that include numerous examples of feedback from 
congruent facial actions, but there are two putative explanations that both sug-
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gest that the obtained effects may, in different ways, reflect an interplay be-
tween automatic and voluntary facial actions. The voluntary facial action tech-
nique creates an experimental situation with automatic and voluntary actions 
very close to each other in time and it is possible that the demonstrated atten-
uating effects are dependent on this proximity. 

The first explanation, based on the idea that emotions are governed by dif-
ferent affect programs (Tomkins, 1962), proposes that one function of emo-
tional facial actions could be to initiate corresponding affect programs. Just 
like an engine, once an affect program has been started any subsequent similar 
actions to initiate it would have no additional effect. In the context of the pre-
sent experimental paradigm this could mean that the initial automatic reac-
tions, together with the emotional stimuli, in fact initiate congruent affect pro-
grams even before any voluntary facial actions are performed. When a volun-
tary congruent facial action then is performed, it would be superfluous and 
have no effect. The voluntary incongruent facial action, on the other hand, 
would initiate a conflicting affect program, which might contradict and reduce 
the activation of the originally initiated affect program. In this explanation one 
could view the voluntary congruent action as just an extension of the already 
initiated automatic congruent action, an extension with no new information 
for the emotional systems, whereas the voluntary incongruent action reverses 
the initial automatic reactions and provides critical new information to the 
emotional systems. 

The second explanation is based on studies by Wood et al. (2016a; 2016b) 
and suggests that the voluntary incongruent facial actions in fact disrupt the 
automatic mimicry of the facial stimuli and thereby interfere with the first part 
of the key sequence and reduce the intensity of the induced emotion in these 
situations. In the context of the present experimental paradigm, this would 
mean that in congruent situations, exposure to the emotional stimulus leads to 
a fully induced corresponding emotion because the initial automatic mimick-
ing reactions are allowed to play out uninterrupted, whereas this process is 
disrupted in the incongruent situations with the result that the induced emotion 
is less intensive. This would explain why incongruent voluntary actions in the 
experiments lead to attenuating modulation, but it would not explain the un-
expected absence of enhancing effects from congruent actions. It is also im-
portant to note that, even though experiments 4–6 used facial stimuli, experi-
ments 1–2 used non-facial stimuli and demonstrated similar overall facial 
feedback effects, suggesting that the attenuating effects cannot be explained 
solely by disruption of automatic mimicry. 
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Limitations and future directions 
In addition to replications of the attenuating effect by other researchers, it 
would also be necessary to investigate if this effect is dependent on an inter-
play between automatic reactions and voluntary actions before the current re-
sults can be considered to have good external validity. To test this, the evoca-
tion of emotions needs to be achieved a time before the voluntary facial ac-
tions are performed, which would minimize the risk for interference. Further-
more, to avoid automatic mimicry, non-facial stimuli should be used to induce 
the positive and negative emotions, for instance music (Juslin & Västfjäll, 
2008; Lundqvist et al., 2009) or pictures of flowers and snakes (Dimberg, 
1986; 1997b). 

The pictures of facial expressions used in experiments 2–6 are not expected 
to induce strong emotions (e.g., Wangelin et al., 2012). It is possible that the 
attenuating effect, demonstrated here, is limited to the relatively weaker emo-
tion intensity induced in the experiments, and that the effects of congruent and 
incongruent facial actions would be different if stronger emotions were in-
duced. Wangelin et al. (2012) found that pictures of erotic or violent scenes 
evoked strong positive or negative emotional reactions and it would be inter-
esting to try to replicate the current results with these stimuli. At first glance, 
it may seem that stronger emotions would generally be easier to attenuate than 
enhance compared to weaker emotions, but it is also possible that a stronger 
emotion's neural activation is more resistant to an incongruent facial action. A 
suggestion for future research could be to investigate if there is any difference 
in general feedback effects, and between enhancing and attenuating modula-
tion, when stimuli of different intensity levels are used. It would be interesting 
to see if overall feedback effects become stronger with stimuli that induce very 
strong emotions, or if the effects even become weaker (e.g., Baumeister et al., 
2016). Moreover, it would also be interesting to use stimuli that are expected 
to induce weaker emotions, for example mildly positive and mildly negative 
pictures, ranging down to neutral stimuli to explore the intersection between 
modulating and initiating feedback. 

A limitation in the present thesis is the method used in experiment 3 to 
compare modulating and initiating feedback, where emotional and neutral 
stimuli were mixed and possibly interfered with each other. Future studies ex-
ploring feedback effects at different levels of stimulus intensity should sepa-
rate different intensity conditions to avoid carry-over effects. Another limita-
tion in the thesis is that the experiments were designed around repeated expo-
sure to the same set of emotional stimuli, and repeated muscle actions to the 
stimuli. This could have led to habituation of the emotional responses to the 
stimuli, and also to weaker muscle reactions over time due to fatigue. A gen-
eral concern for some of the longer experiments in the thesis is that the evoked 
emotional reactions could have become weaker, or the muscle reactions 
smaller, at the end of the experiment, possibly reducing the induced feedback 
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effects. The repeated exposure to the same set of stimuli could also have made 
the ratings less precise, when participants recognized the pictured person and 
perhaps remembered how they rated it the last time. One set of stimuli, instead 
of several sets, was used here in order to maintain experimental control and 
avoid variability between different sets of stimuli and between different ex-
periments, but the risk of habituation is the larger risk in comparison and fu-
ture studies should attempt to avoid it by using several sets of stimuli. 

A limitation in the thesis was the lack of manipulation check in the facial 
skin anesthetization procedure in experiment 6. Lidocaine is a dependable and 
effective anesthetic (Alster, 2013; Sobanko et al., 2012), but due to individual 
circumstances the actual anesthetization effects could have varied between 
participants. It was deemed unfeasible at the time, but it would have been sen-
sible to perform a check to assess the degree of anesthetization amongst the 
participants. The overall feedback effects were (non-significantly) higher with 
anesthetization than without, so it seems safe to draw the main conclusion that 
feedback from the facial skin does not appear to play a critical role in facial 
feedback. However, it is impossible to dismiss the reverse scenario that anes-
thetization of the facial skin in fact leads to higher feedback effects. In this 
scenario the lack of sensational feedback from the facial skin causes the par-
ticipants to contract the facial muscles harder than they usually do, which, 
assuming that feedback comes from the muscles, produces more feedback. To 
test this scenario the participants’ facial muscle activity would have to be 
measured with EMG and the degree of anesthetization of their skin would 
have to be measured. The reason as to why a check of the anesthetization was 
deemed unfeasible in the present thesis was, because of the within-subject de-
sign with two test days, assessing the anesthetization during the first day could 
have jeopardized the cover story for the second day. In hindsight, the cover 
story has proven itself to be both convincing and flexible, so it might be pos-
sible to include an additional explanation of why the sensitivity of the skin 
needs to be checked. Another solution could be to perform the experiment 
with a between-subject design. 

The voluntary facial action technique has in all six experiments reliably 
induced and detected facial feedback effects, and the different versions of the 
cover story have overall been plausible and convincing, with the exception 
perhaps of experiment 3 where the specific procedure caused several partici-
pants to realize the true purpose. However, the strength of the cover story is 
also its weakness. A large and convincing part of the cover story is the fact 
that the experiments were performed in a psychophysiological laboratory, full 
of measuring equipment and computers that fulfill every expectation of how 
a laboratory measuring reaction times should look. This limits the possibility 
of directly replicating the method for researchers that don't have access to a 
similar laboratory. It is possible, however, to adapt the method to a less labor-
atory-dependent version as has been demonstrated by The Many Smiles Col-
laboration, a multi-lab test of the facial feedback hypothesis by Coles et al. 
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(2019c), where a simplified version of the voluntary facial action technique is 
one of several methods being evaluated. The multi-lab test uses a cover story 
that the experiment investigates how physical movements and other distrac-
tions affect mathematical speed and accuracy in tests. Mixed in with different 
filler tasks is the critical voluntary facial action with the simple instruction to 
move the corner of their lips up towards their ears. To use the original cover 
story of measuring reaction times, the only equipment that is truly necessary 
is EMG electrodes to attach on the face and a computer to which they appear 
to be connected, in addition to some ability to induce emotions. 

Theoretical implications 
How compatible are the different theoretical explanations of facial feedback 
with an effect that primarily attenuates ongoing emotions? In basic emotion 
theory, affect programs are believed to activate an organized set of hardwired 
responses when initiated by, for example, a stimulus or facial feedback (Le-
venson et al., 1990; Tomkins, 1962; 1980). In the present experiments, ac-
cording to basic emotion theory, emotional stimuli together with automatic 
muscle reactions, presumably activated the corresponding affect programs. 
The absence of effect from congruent voluntary facial actions would imply 
that such actions are superfluous once the affect programs have been initiated, 
which would be compatible with the basic emotion view that affect programs, 
when initiated, run their course. The attenuating effect of incongruent volun-
tary facial actions would either imply that the activated affect programs were 
slightly inhibited by the incongruent actions or that the actions initiated an-
other, competing, affect program, and that the resulting mixed emotions 
(Larsen & McGraw, 2011; 2014) contributed to the attenuated ratings of the 
stimuli. Both of the alternatives would generally be compatible with the basic 
emotion view. 

In embodied emotion theory, the brains affective systems are thought to be 
highly interconnected with the sensory and motor systems (Niedenthal, 2007; 
Niedenthal et al., 2017; Wood et al., 2016b). In the present experiments, ac-
cording to embodied emotion theory, the stimuli together with the automatic 
reactions presumably activated patterns in the affective, sensory and motor 
systems corresponding to the emotion of the stimuli. The absence of effect 
from congruent voluntary facial actions is not entirely compatible with the 
theory, as the congruent actions generally would be expected to further in-
crease the intensity of the activated affective systems. The attenuating effect 
of incongruent voluntary facial actions would either be explained as interfer-
ence with the automatic facial muscle reactions to the stimulus, which could 
inhibit the evocation of the stimulus emotion, or as a change in the activated 
patterns resulting from the mismatch between the expected congruent and the 
actual incongruent facial feedback. 
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In vascular theory of emotional efference (Zajonc, 1985; Zajonc et al., 
1989), the role of facial actions is to alter brain temperature by regulating air 
flow and blood cooling in the nasal and cavernous sinuses. In the present ex-
periments, according to vascular theory, smiling actions should generally have 
decreased the brain temperature and resulted in more positive ratings, while 
frowning actions should have increased the temperature and led to more neg-
ative ratings, regardless of congruence/incongruence with the stimuli. Conse-
quently, a facial feedback effect that primarily attenuates ongoing emotions is 
not compatible with the theory. More specifically, the absence of effect from 
congruent voluntary facial actions is not expected by the theory, while the 
attenuating effect would be expected. 

In constructionist emotion theory, facial feedback effects are seen as simple 
outcomes of learned associations between emotion concepts and typical facial 
expressions (Barrett, 2017; Gendron & Barrett, 2017; Russell & Barrett, 
1999). In the present experiments, according to constructionist emotion the-
ory, the participants generally associated their own smiles, and the pictures of 
smiling persons, with pleasantness, and their own frowns, and the pictures of 
frowning persons, with unpleasantness, because they all lived in a society 
where this is the norm. Consequently, being exposed to pictures of smiling 
persons generally turned the core affect more positive, while pictures of 
frowning persons generally turned it more negative. However, instructed 
smiles should also have turned the core affect to be generally more positive, 
and instructed frowns should have turned it more negative, especially in con-
gruent situations where the combined forces of, for example, stimulus smiles 
and instructed smiles ought to have made the learned association even more 
salient. Therefore, considering the persons participating and their assumed 
learned associations, a facial feedback effect that primarily attenuates ongoing 
emotions is not compatible with the theory.  

In appraisal theory, it is assumed that cognitive appraisals of present stimuli 
precede and are required for emotional reactions, but that facial feedback 
could modulate the emotional experience later in the process. (Moors et al., 
2013; Scherer, 2009; Scherer et al., 2001). In the present experiments, accord-
ing to appraisal theory, the participants appraised the stimuli and formed an 
appropriate congruent emotional reaction to them. However, the feedback 
from the instructed smiles then generally should have turned the emotional 
reaction more positive, while the feedback from the instructed frowns gener-
ally should have turned the reactions more negative, regardless of congru-
ence/incongruence with the stimuli. Consequently, a facial feedback effect 
that primarily attenuates ongoing emotions is not entirely compatible with the 
theory. 
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Clinical implications 
In several studies, clinically depressed patients have reported significant mood 
improvements after treatments where their corrugator muscles were paralyzed 
with botulinum toxin injections, effects attributed to reduced facial feedback 
from frowning (Finzi & Rosenthal, 2014; Magid et al., 2014; Wollmer et al., 
2012; 2014). However, the results have been questioned, and in a review and 
meta-analysis by Coles et al. (2019a), worrying signs of publication bias and 
widespread conflicts of interest were pointed out. Nonetheless, if future stud-
ies can replicate the initial results, and confirm facial feedback as the mecha-
nism of action, it would open the door for using facial feedback in psycholog-
ical and psychiatric treatments. It is thought that the approach is especially 
effective for depressed patients with high levels of agitation and constant 
frowning. The results in the present thesis suggest that one effect of constant 
frowning could be that positive emotions are constantly attenuated, which 
might contribute to the depressed state. The critical treatment effect of botuli-
num toxin injections to the corrugator muscles could therefore be that it allows 
more room for positive emotions to develop. However, paralyzing the corru-
gator muscles with botulinum toxin injections would be just one option to re-
duce facial feedback from frowning, and a very heavy-handed one with seri-
ous side effects (e.g., Baumeister et al., 2016; Lewis, 2018). Another treatment 
approach could be to include awareness of facial expressions and facial feed-
back in therapeutic methods, together with training to relax frowning expres-
sions, especially in relatively happy moments. Compared to botulinum toxin 
injections, such an approach could lead to permanent improvements and 
would have no negative side effects, but would likely take more time to im-
plement.  

Practical applications 
The findings in this thesis demonstrate how facial actions can influence the 
experience of emotion, especially if they contradict the ongoing emotion. One 
practical application of these findings is to be more aware of the facial actions 
we make and how they affect us. Another application is to use facial actions 
to attenuate emotions, for example to smile when irritated or stressed in order 
to lower the tension, or to frown when an exuberant mood makes it hard to 
concentrate. A final application is to avoid attenuating emotions by mistake, 
for example to not ruin a good mood by frowning in concentration or to protect 
against the sun. 
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Closing words 
In conclusion, the experiments included in the present thesis demonstrate that 
our facial expressions affect our own experience of emotion via feedback from 
the critical facial actions. The results also indicate we are more likely to be 
affected by the facial actions when they contradict ongoing emotional states, 
a smile when you are in a negative mood could brighten it up and a frown 
when you are feeling good could turn the mood right down. 
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