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Facial expressions are one of the most important 
sources of information about the emotional states of 
other persons, and many people have no problems 
recognizing facial expressions. Which neural mecha-
nisms allow the visual recognition of facial expressions 
with seemingly little effort? The recent years have seen 
a surge of ideas that point to the sensorimotor system 
as the main contributor to the visual recognition of 
socially relevant information, such as actions (Friston, 
2010; Kilner, Friston, & Frith, 2007; Rizzolatti, Fogassi, 
& Gallese, 2001; Rizzolatti & Sinigaglia, 2010) and facial 
expressions. In support of this suggestion, previous 
research has shown that the execution of facial expres-
sions influences emotion-related judgments of facial 
expressions (Ipser & Cook, 2016; Maringer, Krumhuber, 
Fischer, & Niedenthal, 2011; Oberman, Winkielman, & 
Ramachandran, 2007; Ponari, Conson, D’Amico, Grossi, 

& Trojano, 2012; Rychlowska et al., 2014; Wood, Lupyan, 
Sherrin, & Niedenthal, 2016).

At the core of motor-based recognition accounts is 
the idea that perceptual processes underlying the visual 
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Abstract
Motor-based theories of facial expression recognition propose that the visual perception of facial expression is aided 
by sensorimotor processes that are also used for the production of the same expression. Accordingly, sensorimotor 
and visual processes should provide congruent emotional information about a facial expression. Here, we report 
evidence that challenges this view. Specifically, the repeated execution of facial expressions has the opposite effect 
on the recognition of a subsequent facial expression than the repeated viewing of facial expressions. Moreover, the 
findings of the motor condition, but not of the visual condition, were correlated with a nonsensory condition in which 
participants imagined an emotional situation. These results can be well accounted for by the idea that facial expression 
recognition is not always mediated by motor processes but can also be recognized on visual information alone.
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recognition of a facial expression activate “somatosen-
sory and motor systems largely overlapping with those 
that support the production of the same facial expres-
sion” (Wood, Rychlowska, Korb, & Niedenthal, 2016, p. 229; 
for a review, see Goldman & Sripada, 2005). It is believed 
that these overlapping areas are used for recreating 
observed facial expressions (Wood, Rychlowska, et al., 
2016). The recreation of a facial expression (sensorimo-
tor simulation) is suggested to occur at a subthreshold 
level, possibly by means of facial mimicry (Korb, 
Grandjean, & Scherer, 2010; Krumhuber, Likowski, & 
Weyers, 2014; Wood, Rychlowska, et al., 2016). The idea 
is that the sensorimotor simulation of facial expressions 
activates the associated emotion system in the observer. 
As a consequence, the observer can experience the 
internal emotional state of the other person and can 
use this information to recognize the facial expression 
(Wood, Rychlowska, et al., 2016).

According to this elegant mechanism, the simulated 
emotional state is congruent with the visually observed 
emotional information of the facial expression. Hence, 
a critical test of the contribution of the sensorimotor 
system to the visual recognition of facial expressions 
is to see whether sensorimotor and visual processes 
provide congruent emotional information about the 
perceived facial expression.

Relatively little is known about whether sensorimotor 
and visual processes provide congruent emotional 
information in facial expression recognition. Several 
studies have demonstrated that prolonged exposure to 
a facial expression (adaptation) induces repelling adap-
tation effects. For example, after participants adapted 
to a fearful expression, they reported that a face morph 
between a happy and a fearful expression looked more 
happy (de la Rosa, Giese, Bülthoff, & Curio, 2013; Fox 
& Barton, 2007; Luo, Wang, Schyns, Kingdom, & Xu, 
2015; Pavlova & Sokolov, 2000; Pell & Richards, 2011; 
Rutherford, Chattha, & Krysko, 2008; Skinner & Benton, 
2010; Webster, Kaping, Mizokami, & Duhamel, 2004; 
Xu, Dayan, Lipkin, & Qian, 2008). The fact that even 
low-level visual features, such as a curved line, can 
induce repelling effects on facial expression recognition 
(Xu et al., 2008) suggests that visual information might 
affect facial expression recognition in a bottom-up fash-
ion. Yet the execution of a facial expression seem to 
have assimilating effects on the visual recognition of 
facial expressions. Using a different experimental para-
digm, Blaesi and Wilson (2010) showed that activating 
smiling muscles led participants to more frequently 
report a facial expression as happy compared with 
when participants did not activate these muscles. Such 
results are often interpreted in terms of the facial- 
feedback hypothesis. It suggests that the execution of 
a facial expression induces the executed emotion in the 

actor (Darwin, 1872; Laird, 1974; Strack, Martin, &  
Stepper, 1988). As the overall emotional state of a per-
son affects several different cognitive functions, assimi-
lation effects have been reported for various tasks, 
including ratings of funniness (Strack et al., 1988) and 
valence judgments (Hyniewska & Sato, 2015). Yet cau-
tion is needed when comparing this literature, as stud-
ies reporting repelling effects of visual information on 
visual expression recognition employed an adaptation 
paradigm, but studies reporting an assimilating effect 
on facial expression recognition did not. Hence, the 
difference between assimilating and repelling effects 
might be simply due to the use of different experimen-
tal paradigms. To overcome this theoretical gap in the 
current study, we assessed whether sensorimotor and 
visual processes provide congruent emotional informa-
tion about a facial expression within the same experi-
mental paradigm.

To ensure that we probed visual recognition underly-
ing facial expression recognition, we used an adapta-
tion paradigm. Adaptation is known for its ability to 
selectively target perceptual-cognitive processes  
(Webster, 2015). Adaptation effects are well explained 
in terms of neural population responses (Giese, 2016; 
Webster, 2011; Webster & MacLeod, 2011) and agree 
with physiological measurements (e.g., Barraclough, 
Keith, Xiao, Oram, & Perrett, 2009). They have therefore 
been called the psychologist microelectrode (Frisby, 
1979). If sensorimotor and visual processes provide 
congruent emotional information about a facial expres-
sion, we would expect that motor and visual adaptation 
should have similar effects on the subsequent visual 
recognition of a facial expression.

We compared motor and visual facial expression 
adaptation aftereffects on facial expression recognition. 
In a control experiment, we further explored whether 
motor influences are related to emotions, as predicted 
by the sensorimotor-simulation hypothesis (Wood, 
Rychlowska, et  al., 2016) and the facial-feedback 
hypothesis. To this end, we used an adaptation para-
digm in which participants were exposed to the same 
emotional face information for a prolonged amount of 
time. It is typically found that adaptation transiently 
changes the subsequent percept of an ambiguous stim-
ulus. Here, we were interested in whether the direction 
of change (i.e., assimilating or repelling effects) in facial 
expression recognition was the same after participants 
repeatedly viewed a facial expression (visual adapta-
tion) or repeatedly executed a facial expression (motor 
adaptation). In the control condition, we compared 
whether the repeated execution of a facial expression 
had the same effect on recognition of visual facial 
expressions as the mere amodal imagination of a situ-
ation that elicits the emotion (emotion induction).
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Experiment 1

Method

Participants. We recruited participants from the local 
community in Tübingen, Germany. A total of 12 partici-
pants took part in the visual modality-adaptation condi-
tion, and another 12 participated in the motor-adaptation 
condition. The same participants who completed the 
motor-adaptation condition also participated in the  
emotion-induction condition. One participant’s data in 
the motor condition were not recorded because of a 
technical error and were deleted from the analysis. All 
participants had normal or corrected-to-normal vision. 
The number of participants was chosen on the basis of 
previous facial adaptation experiments in our lab that 
showed that this sample size is sufficient to show reliable 
effects (de la Rosa et al., 2013). Participants received €8 
per hour for their participation in the experiment. All 
participants gave their written informed consent prior to 
the experiment. The ethics committee of the Max Planck 
Society approved this study.

Stimuli. Happy and fearful expressions were recorded 
from a lay actor using a motion capture system. These 
facial movements were used to animate a 3-D morphable 
face model. Because we were interested only in facial 
movement, the face model did not have teeth or eyes. 
Animation of the 3-D face model was done by means of 
scanned 3-D facial action units (AUs) that were chosen to 
be similar to the Facial Action Coding System (Ekman & 
Friesen, 1978). The method for the animation of dynamic 
facial expressions based on the superposition of facial 
AUs is described elsewhere (de la Rosa et al., 2013). In 
brief, the expression morph consisted of the calculation 
of linear interpolations of time-normalized action-unit 
signals of two facial expressions to generate an ambigu-
ous facial expression. Here, we used a happy and a fear-
ful facial expression. In all of our experimental conditions, 
we used the following seven morph levels (specifying the 
amount of happy expression in the morphed facial 
expression): 0, 0.217, 0.433, 0.650, 0.867, 1.083, 1.30. All 
stimuli had a duration of 1,042 ms. The morphed facial 
expressions with a morph weight of 0 and 1.3 were used 
as adaptors in the visual-adaptation condition. Pilot exper-
iments suggested that a facial expression with a morph-
blending weight of 1.3 was more easily identified as 
happy than a facial expression with a morph-blending 
weight of only 1. All stimuli served as test stimuli in all 
adapted-modality conditions (visual, motor, and emotion 
induction).

Apparatus. All stimuli were presented on a Dell LCD 
screen with a refresh rate of 60 Hz using a Dell desktop 
computer. We used a custom-written MATLAB (The 

MathWorks, Natick, MA) script that relied on functions 
provided by the Psychophysics Toolbox 3 (Brainard, 
1997; Kleiner, Brainard, & Pelli, 2007; Pelli, 1997).

Design. The critical manipulation of adapted modality 
(visual vs. motor adaptation) was tested in a between-
subjects manner. The comparison of motor adaptation 
with adaptation effects induced by asking participants to 
imagine a situation that elicits the emotion (emotion-
induction condition) was tested in a within-subjects 
manner. Within each adapted modality, we used two 
facial expressions as adaptors (happy and fearful). For 
each adaptor, we probed each morph level 15 times 
(method of constant stimuli). Morph level and adaptor 
conditions were within-subjects factors. Hence, each 
adapted-modality condition consisted of 15 (repetitions) × 
7 (morph levels) × 3 (adaptor levels) = 315 trials. The 
presentation order of adaptor and morph level was com-
pletely random. The testing order of emotion induction 
and motor modality adaptation was counterbalanced 
across participants.

Analysis. The data for the analysis can be found at the 
Open Science Framework (https://osf.io/rydzg/). We cal-
culated the proportion of fear responses as a function of 
morph level for each participant, adaptor, and adapted-
modality condition. Using MATLAB’s gfit function, we 
then fitted these data with cumulative Weibull functions 
of the following form:

proporation of happy responses =

(1 ) (1 exp( ( ) )).γ + − γ − λ − − α β× x ^

Gamma (γ) is the guessing rate, lambda (λ) is the 
lapse rate, alpha (α) influences the location of the psy-
chometric function along the x-axis, and beta (β) speci-
fies the slope of the psychometric function. We allowed 
all parameters to vary freely except for γ (Wichmann & 
Hill, 2001). For each fitted function, we determined the 
point of subjective equality (i.e., the morph level that 
corresponded with 50% fearful answers). Data from 1 
participant in the motor-adaptation and emotion-induction 
conditions had to be deleted because of a technical fault. 
The overall fit was very good (mean explained variance = 
0.98, SD = 0.047).

Procedure. The following procedure and the choice of 
experimental parameters were based on a previous study 
in our lab, which demonstrated that this procedure and 
parameters induced reliable adaptation effects (de la 
Rosa et al., 2013). Participants sat in front of the monitor 
and received the following instructions. At first partici-
pants saw a summary of instructions: “Please focus on 
the nose area. Judge the expression after the beep signal: 

https://osf.io/rydzg/
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Report whether you saw a happy or fearful facial expres-
sion. Press any key to start.” The key press initiated the 
start of an experimental trial, which consisted of a 100-ms 
black screen. Subsequently, four consecutive presenta-
tions of a tone (consisting of a 521-ms 500-Hz tone fol-
lowed by a 521-ms silence) were presented with an 
interstimulus interval of 200 ms. These four tones marked 
the adaptor presentations.

In the visual condition, the tones were accompanied 
by the presentation of the visual adaptors (happy or 
fearful expressions). In the motor condition, partici-
pants were asked to execute the facial expression 
whose name was presented on the screen as long as 
the tone was audible and to return to a neutral facial 
expression during the silence period of the tone. Hence, 
participants carried out four facial movements in which 
they went from a neutral to a smiling facial expression. 
That is, participants did not hold the facial expression 
for 4 s. In the emotion-induction condition, we asked 
participants to vividly imagine a fearful or a happy situ-
ation for the entire presentation of the four tones. As a 
consequence, the number of adaptor repetitions and 
the adaptor presentation period were the same in these 
three experimental conditions (motor, visual, and emo-
tion induction). Thereafter followed the presentation 
of the 100-ms 1000-Hz tone and the test stimulus. 
Finally, the program presented a 300-ms black screen 
and the answer screen. The answer screen said, “What 
did you see? A happy (H) or a fearful (F) expression?” 
Participants’ task was to report their subjective feeling 
about the stimulus preceded by the 1000-Hz tone (i.e., 
test stimulus). Participants pressed the key correspond-
ing to their subjective impression about the test stimu-
lus. The answer screen stayed on until participants had 
given their response and was then replaced by a black 
screen. No feedback was given. After participants had 
given their response, the next trial started when they 
pressed any key on the answer keyboard. The program 
offered participants a break after every 45th trial by 
displaying the following text on the screen: “You may 
take a break now. Press any key to continue with the 
experiment.”

Results

We measured psychometric functions relating the 
morph level to the recognition performance for both 
of our experimental manipulations (adapted modality 
and adapted facial expression). To quantify the differ-
ences between the psychometric functions for the dif-
ferent adaptation conditions, we calculated the shift of 
the point of subjective equality of the psychometric 
functions between the happy and fearful adaptor condi-
tions. The difference was calculated in such a way that 
positive differences indicate a repelling effect (e.g., 

adapting to a happy expression made participants per-
ceive the test stimulus as fearful), and negative values 
suggest assimilation effects (e.g., adapting to a happy 
expression made participants perceive the test stimulus 
as happy). Figure 1 shows that adapting the visual 
modality induces repelling adaptation effects, replicat-
ing the well-documented repelling visual-adaptation 
effects in the literature (Benton, 2009; de la Rosa et al., 
2013; Leopold, O’Toole, Vetter, & Blanz, 2001; Luo 
et al., 2015; Pavlova & Sokolov, 2000; Skinner & Benton, 
2010; Xu et  al., 2008). In contrast, both the motor 
modality and nonmodal emotion-induction conditions 
exhibited assimilation adaptation effects.

To answer the main question of whether motor and 
visual-adaptation effects induce significant effects in 
different directions, we compared the overall visual-
adaptation effect with the overall motor adaptation 
effect using a two-sample Welch a priori t test. This test 
showed a large effect, Cohen’s d = 1.65, and a signifi-
cant difference between motor and visual-adaptation 
effects, t(10) = 3.81, p = .002. Additional one-sample t 
tests confirmed that the overall adaptation effect within 
the visual and within the motor adaptation condition 
was also large and significant—visual-adaptation effect: 
t(11) = 2.58, Cohen’s d = 0.745, p = .026; motor adapta-
tion effect: t(10) = 3.14, Cohen’s d = 0.947, p = .010. 
Hence, our results provide strong support for the 
assumption that prolonged exposure to visual and 
motor facial expression information induces opposite 
effects on facial expression recognition.

To examine whether motor-adaptation effects are 
related to emotion-induction effects, we compared the 
motor-adaptation condition with the emotion-induction 
condition. We found no significant differences between 
the motor and emotion-induction conditions, t(10) = 
1.00, Cohen’s d = 0.3, p = .342. More importantly, motor-
adaptation effects were significantly correlated with 
adaptation effects induced by imagination (emotion-
induction condition), r = .723, t(10) = 3.14, p = .012 
(see also Fig. 2), suggesting a strong relationship 
between motor and emotion-induction effects. In con-
trast, adapting the visual modality induced a signifi-
cantly different effect from nonmodal emotion-induction 
adaptation, t(10) = 2.85, Cohen’s d = 1.245, p = .01.

Experiment 2 was intended to replicate the findings 
of Experiment 1 and to exclude an important possible 
confound. Participants might have executed the facial 
movement in the emotion-induction condition, which 
might have led to the high correlation between the 
results of the motor-modality and the emotion- 
induction condition. To this end, we replicated Experi-
ment 1 using face tracking to measure the amount of 
facial movement in all conditions by means of regres-
sion (see the Method section). Moreover, in Experiment 
2, all conditions were tested in a within-subjects manner, 
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and we used another facial expression (disgust instead 
of fear) to increase the external validity of our results.

Experiment 2

Method

The method was identical to that of Experiment 1 
except for the changes noted below. Another 15 

participants were recruited from the local community 
of Tübingen.

Apparatus, stimuli, and design. We used a custom-
built marker-based facial capture system that has been 
described in detail elsewhere (Curio, Kleiner, Breidt, & 
Bülthoff, 2010; Kleiner, Wallraven, & Bülthoff, 2004). In 
brief, this setup consists of five cameras (Basler Vision 
Technologies, Germany; refresh rate = 60 Hz) pointed at 
different angles at the participants face. The output of the 
cameras is synchronized and used to reconstruct the 3-D 
positions of the markers (Curio et al., 2010).

We used happy and disgusted facial expressions in 
Experiment 2. All adapted-modality conditions (visual, 
motor, emotion induction) were tested in a within-
subjects fashion. Adapted modality was blocked, and 
its testing order randomized across participants.

Procedure. A total of 17 markers were attached to par-
ticipants’ shaved skin using Mastix glue for theater pro-
duction. Markers were manually associated with AUs of a 
3-D morphable face model. Activation for each AU was 
calibrated within the tracking software by having partici-
pants perform 17 facial movements. In addition, partici-
pants were also told to look neutral. Participants then 
made several facial expressions to train a classification 
algorithm (for details, see the Analysis section). Specifi-
cally, participants made the two expressions (happy and 
disgusted) repeatedly in randomized order and in order 
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of increasing intensity, namely none (neutral; 0% of the 
facial expression), weak (33% of the facial expression), 
medium (66% of the facial expression), and strong (100% 
of the facial expression). Participants were informed 
about the percentage numbers and instructed to produce 
an expression with the intensity that corresponded best 
to the percentage. After this training phase, the actual 
experiment started, as described in Experiment 1.

Analysis.
Facial expression analysis. The input for the classifi-

cation of the facial expression was activation in AU units. 
Specifically, for each trial, we first searched for the frame 
associated with the overall highest activation. Classifica-
tion of facial expressions was done on these peak frames. 
Classification was based on a feature vector assembled 
via the current distribution over AU weights at these peak 
frames. We used the library for support vector machines 
(LIBSVM) toolbox (Chang & Lin, 2011) in MATLAB for 
the classification of facial expressions. The classifiers for 
the classification of three expression classes (neutral, 
happy, and disgusted) were trained using three separate 
support vector machines. The training was done on the 
training data for each participant separately. Tenfold cross- 
validation (done for each participant separately) showed 

a very good classification performance of the trained clas-
sifier with an average cross-validation classification accu-
racy of 84.22% (SE = 1.91). These individually obtained 
classifiers were then used to classify the facial expression 
on each experimental trial during the actual experiment.

Facial intensity analysis. We conducted a principal 
component analysis (PCA) on the AU activations in the 
training phase. We then determined the linear first-order 
link function between the PCA scores and the instructed 
intensity using the fittype function of MATLAB. This link 
function described the relationship between AU acti-
vations and facial expression intensities in the training 
phase using a first-order polynomial. The link func-
tion was then used to predict the intensity of the facial 
expression from the AU activations during the experi-
ment. Because of technical problems, we monitored the 
expressions of only 10 participants.

Results

Facial expression classification. The recognized facial 
expressions as identified by the facial expression classifier 
are shown for each experimental condition in Figure 3. 
Participants by and large stuck to the instructions: On more 
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Fig. 3. Classification probability for each detected facial expression and adaptor, separately for each of the 
three conditions in Experiment 2. Error bars indicate ±1 SEM. The classification probability indicated how 
often the classifier detected the expression in the corresponding experimental condition.
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than 85% of the trials, participants executed the facial 
expression in the motor-adaptation condition, and in over 
50% of the trials, participants did not make any facial 
expression in the visual-modality and emotion-induction 
condition. In the latter two conditions, the classifier was 
still able to detect a disgusted facial expression on 30% of 
the trials of each condition. Importantly, the proportion of 
detected facial expressions between the visual and emo-
tion-induction conditions was not significantly different, as 
indicated by a three-factor within-subjects analysis of vari-
ance (ANOVA). For this ANOVA, we used square-root-
transformed classification probability as a dependent 
variable (to meet the normality assumption) and adapted 
modality, adapted facial expression, and detected expres-
sion as factors. None of the factors or interactions were 
significant (p > .05).

Facial expression intensity. The facial expression 
intensities are shown separately for each facial expres-
sion component (happy and disgusted) and condition 
in Figure 4 (note that there was no neutral component, 
as neutral was defined as a facial expression without 
movement). Clearly, only in the motor-adaptation con-
dition, the happy and disgusted facial expression com-
ponents were largest in the happy and disgusted 
adaptation conditions, respectively. The intensity values 
indicated that participants made at least one expression 
in these conditions that corresponded to about 50% of 

the most intense facial expressions that participants 
made in the training phase prior to the main experi-
ment. In the emotion-induction and visual-adaptation 
condition, both facial expression components were  
activated very little and approximately to the same 
amount. We analyzed this pattern statistically in a 
repeated measures ANOVA with intensity as a depen-
dent variable and component (happy vs. disgust), 
modality (motor, visual, and emotion induction), and 
adaptor (happy vs. disgust) as within-subjects factors. 
We found a significant three-way interaction, F(2, 18) = 
24.32, ηp

2 = .73, p < .001, suggesting that intensity of 
happy components was specific to the particular combi-
nation of adaptor and modality.

To see whether this three-way interaction resulted 
from intensity patterns in the motor condition, we con-
ducted the same ANOVA with only the motor condition 
data removed. In this case, none of the effects (main 
effects and interactions) were significant (all ps > .23). 
In contrast, a two-factor within-subjects ANOVA with 
component and adaptor as factors and intensity as a 
dependent variable, which was conducted on the 
motor-adaptation condition only, revealed a significant 
two-way interaction, F(1, 9) = 27.83, ηp

2 = .76, p < .001. 
These results demonstrate that participants carried out 
statistically distinguishable facial expressions only in 
the motor condition but not in the visual-adaptation 
and emotion-induction condition.

Motor Visual Emotion Induction

Disgusted Happy Disgusted Happy Disgusted Happy

0

20

40

60

80

Facial Expression Component

In
te

ns
ity

 (%
)

Adaptor

Happy
Disgusted

Fig. 4. Intensity of happy and disgusted facial expressions for each adaptor, separately for 
each of the three conditions in Experiment 2. Error bars indicate ±1 SEM. On the y-axis, 
0% refers to the neutral face and 100% to the most intense expression that the participant 
was able to carry out during the preexperiment training phase.
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Adaptation effects. The adaptation effects are shown 
in Figure 5 and seem to replicate those of Experiment 1 
(see Fig. 1). Again, repelling perceptual effects are indi-
cated by values larger than zero, and assimilation percep-
tual effects are indicated by values smaller than zero. 
Prolonged visual exposure to a facial expression caused 
a repelling effect, whereas prolonged execution of a 
facial expression or imagining emotions (emotion-induc-
tion condition) caused an assimilation effect. Again, we 
found a significant difference between the visual- and 
motor-adaptation conditions, t(14) = 3.36, Cohen’s d = 
0.946, p = .002, and between the visual and emotion-
induction condition, t(14) = 3.38, Cohen’s d = 0.871, p = 
.005. The motor-adaptation and the emotion-induction 
conditions were nonsignificantly different, t(14) = 0.39, 
Cohen’s d = 0.1, p = .699. As in Experiment 1, only adap-
tation effects between the motor and emotion-induction 
condition were significantly related, t(13) = 2.85, p = .013, 
r = .61 (for all others, p > .05). Hence, both Experiment 1 
and Experiment 2 demonstrate that adapting the visual 
modality is different from adapting the motor modality or 
amodal adaptation to the emotion (emotion-induction 
condition).

Can facial movement in the emotion-induction con-
dition explain the similar effects between the motor 
and emotion-induction conditions? We do not think so 
because the facial movement patterns of the classifica-
tion data between these two experimental conditions 
were significantly different. Specifically, a three-way 

ANOVA with adapted expression (happy vs. disgusted), 
adapted modality (motor vs. emotion induction), and 
detected expression (happy vs. disgusted) revealed a 
significant three-way interaction, F(1, 9) = 68.16, ηp

2 = 
.883, p < .001. This three-way interaction indicated that 
happy and disgusted adaptors induced different facial 
expressions in the motor-adaptation condition and 
emotion-induction condition. Despite the differences 
in facial movement in these two conditions, the per-
ceptual effects are strikingly similar and significantly 
related. Likewise, we found statistically significant 
behavioral differences between the visual and the  
emotion-induction conditions. Yet the amount and type 
of facial movement was not statistically significantly 
different between these conditions (see the ANOVA 
results in the Facial Expression Classification section). 
Hence, the behavioral differences between the visual-
adaptation and emotion-induction conditions cannot 
be explained by differences in facial movement.

General Discussion 

Theories of motor-based facial expression recognition 
suggest that facial recognition is primarily based on 
sensorimotor simulation mechanisms. Accordingly, sen-
sorimotor and visual processes should provide congru-
ent emotional information about a facial expression. 
Here, we set out to test this prediction and found results 
inconsistent with this hypothesis. Specifically, we 
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showed in two experiments that prolonged exposure 
(adaptation) to motor and visual facial expression infor-
mation alters the perception of a facial expression in 
very different ways. Participants who visually adapted 
to one facial expression more frequently saw the non-
adapted facial expression in the subsequently presented 
ambiguous test stimulus. In contrast, participants who 
motorically adapted to a facial expression through 
repeated execution of a facial expression were more 
likely to see the adapted facial expression in the sub-
sequent ambiguous test stimulus. Hence, visual and 
motor processes provide different emotional informa-
tion about a facial expression.

How can the results be understood within sensorimotor- 
based theories of facial expression recognition? In facial 
expression recognition, the goal of the observer is to 
determine which emotional state of a person is associ-
ated with a facial expression. The observer faces the 
problem that the other person’s emotional state is inter-
nal and therefore hidden from the observer. Hence it 
cannot directly be observed. Recently, Wood, Rychlowska, 
and colleagues (2016) suggested that the observer 
solves this problem by reconstructing the facial move-
ment using the sensorimotor and motor system that is 
shared between the processes involved in the observa-
tion and the execution of a facial expression (for a 
review of similar simulation accounts, see Goldman & 
Sripada, 2005). Specifically, the observer uses these 
shared neural mechanisms to covertly or overtly simu-
late the observed expression. By means of this simula-
tion and with the help of the emotion system, the 
observer can experience the emotional effect of the 
observed facial expression and thereby infer the inter-
nal emotional state of the other person. Note that 
according to this suggestion, visual recognition of a 
facial recognition is supported by the emotional system 
and not performed by the sensorimotor and motor sys-
tems alone. Because this explanation presupposes a 
coupling of motor and emotional system in facial 
expression recognition, making a happy facial expres-
sion should induce a happy feeling in the observer. 
Wood, Rychlowska, and colleagues’ (2016) suggestion 
can therefore easily explain why conducting a facial 
movement induces the executed emotion and hence 
why motor adaptation leads to assimilation effects. The 
coupling of motor and emotion system in Wood and 
colleagues’ explanation would also predict a correlation 
between the motor and emotion-induction effects in 
the current experiments. However, a challenge for this 
and other simulation accounts is the finding that visual 
adaptation produces clearly different effects from motor 
adaptation.

We suggest that the clearly different visual- 
adaptation effects indicate another vision-based route 

to facial expression that does not necessarily rely to the 
same extent on sensorimotor simulation. Note that this 
suggestion does not call into question the theoretical 
proposals of previous simulation accounts but rather 
extends them. The idea of vision-based facial expres-
sion recognition is long standing and has been explained 
by several influential models (Bruce & Young, 1986; 
Haxby, 2001; Haxby, Hoffman, & Gobbini, 2000). The 
different visual and motor adaptation effects can be 
well understood if visual recognition of facial expres-
sion can be achieved in two ways: by visual information 
or by sensorimotor simulation.

What would be the advantage of having two ways 
of recognizing facial expressions? We suggest that 
vision-based recognition of facial expressions could be 
useful in situations in which the observer is interested 
in determining the emotional expression without reex-
periencing the associated emotion. An example situa-
tion is where one sits in a street restaurant and observes 
other people walking by. Here, simulating the multitude 
of facial expressions of the passersby would induce 
many emotions in the observer, interfering with the 
possible intention to relax and merely observe other 
people. In contrast, simulating facial expressions can 
be useful in situations when one would like to relate 
to an emotional state of another person, for example, 
when showing empathy in a social interaction. Hence, 
humans might employ different strategies of facial 
expression recognition depending on the emotional 
involvement of the observer in a situation. Yet future 
research is needed to scrutinize this suggestion, for 
example, by determining whether humans use discrete 
or continuous transitions between vision-based and 
simulation strategies for facial expression recognition.

In our study, we chose not to physically constrain 
facial movement in the visual-adaptation and emotion-
induction condition to keep the experimental condi-
tions as similar and therefore as comparable as possible. 
A physical constraint of facial movements, such as by 
taping the face, in the two nonmotor conditions would 
have had the advantage of minimizing facial expression 
artifacts. On the other hand, it would have introduced 
one more factor by which the nonmotor- and motor-
adaptation conditions differed in addition to the main 
manipulation of modality. We therefore would have 
introduced a possible confound that could explain dif-
ferences between the motor and nonmotor conditions. 
For this reason, we refrained from constraining facial 
movement in the nonmotor-adaptation conditions.

Nevertheless, it is possible that these subtle facial 
expressions in the nonmotor conditions introduced a 
possible confound. Specifically, it is possible that par-
ticipants executed more subtle facial movements in the 
emotion-induction than in the visual-adaptation 
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condition. As a result, participants would have been 
able to experience the associated emotion to a larger 
degree in the emotion-induction condition compared 
with the visual condition. This could explain the dif-
ferent effects between the emotion-induction and 
visual-adaptation condition. Yet our analysis of the 
intensity and type of facial movement shows that both 
the magnitude and the type of facial movement was 
very similar in both nonmotor conditions. In other 
words, because subtle facial movements were very simi-
lar across both nonmotor conditions, they are unlikely 
to explain the differences between these two condi-
tions. Hence, we do not think that subtle facial expres-
sions in the motor condition are at the core of our main 
finding.

Can our results be explained by the idea that inten-
tional and automatic facial expression have a different 
neural basis? Specifically, participants made intentional 
expression in the motor-adaptation condition and auto-
matic facial expressions in the nonmotor-adaptation 
conditions. If the origin of the behavioral differences 
in the three conditions were a different neural bases 
for intentional and automatic facial expressions, one 
would expect that motor-adaptation and emotion-
induction conditions should be associated with differ-
ent results. This is so because in the motor-adaptation 
condition, participants executed intentional facial 
expression, and in the emotion conditions, participants 
executed automatic facial expressions. Yet contrary to 
this expectation, we found results in the motor-adaptation 
and emotion-induction conditions to be quite similar in 
our two experiments. Moreover, one would expect auto-
matic facial expressions to occur in the visual and the 
emotion condition alike. Therefore, performance in 
these conditions should be very similar. Again, our 
results do not support this hypothesis. Visual and 
emotion adaptation elicit opposite effects. Taken 
together, because intentional and automatic expres-
sion patterns do not correspond with the occurrence 
of behavioral effects, we think that it is difficult to 
explain our main results by the fact that intentional 
and automatic facial expressions tap into different 
neural substrates.

Both motor as well as visual adaptation were 
undoubtedly able to influence facial expression recog-
nition in the current experiment. So far, motoric influ-
ences on visual facial expression recognition have 
been interpreted in favor of a motor-based account of 
facial expression recognition (Blaesi & Wilson, 2010; 
Ipser & Cook, 2016). Our research points to the neces-
sity to consider not only the presence of a motoric 
effect but also its direction for making inferences about 
the understanding of the underlying psychological 
processes.

An important future question is to investigate to what 
degree the priming effects in the emotion-induction 
and motor-adaptation condition are the result of a 
change in perception or response bias. One way to 
dissociate these two options is by means of signal 
detection theory, which allows the calculation of dis-
crimination performance and response bias from target 
and nontarget trials. As we did not have nontarget trials 
in the current experiment, we were not able to calculate 
these measures in the current data. However, a slight 
change of participants’ subjective report task to an 
absolute identification task would allow the calculation 
of both d′ and response bias (for an example of such 
a task, see de la Rosa, Gordon, & Schneider, 2009). In 
any case, the observation that visual adaptation had a 
different effect on participants’ behavior compared with 
motor adaptation or emotion induction is important for 
the current study.

We would like to point out that despite the relatively 
small sample size in the two experiments, the effect 
sizes are large (the smallest effect size was Cohen’s d = 
0.745). This can be partly explained by the high reli-
ability of visual-adaptation effects, which reduces the 
noise level in the data and therefore leads to larger 
power. The high reliability of the adaptation effect on 
a participant level can be seen in Figure 6. More than 
80% of the participants showed the effect in the same 
direction in all of the experimental conditions.

Our results are broadly congruent with the existing 
evidence for the influence of the motor system on the 
visual recognition of actions using adaptation studies. 
Researchers in several functional MRI (fMRI) studies 
examined cross-talk between motor-visual areas in a 
methodological rigorous way using fMRI adaptation 
paradigms with inconclusive results. While some schol-
ars using this paradigm were able to identify cortical 
areas sensitive to both motor and visual input (Chong, 
Cunnington, Williams, & Kanwisher, 2008; de la Rosa, 
Schillinger, Bülthoff, Schultz, & Uludag, 2016; Kilner, 
Neal, Weiskopf, Friston, & Frith, 2009), others were not 
(Dinstein, Hasson, Rubin, & Heeger, 2007; Lingnau, 
Gesierich, & Caramazza, 2009). A recent physiological 
study with macaque monkeys pinned the fMRI adapta-
tion effect to the adaptation of local field potentials 
rather than a neuronal firing rate change (Caggiano 
et al., 2013). In humans, physiological evidence exists 
for neurons that are sensitive to both motor and visual 
stimulation (Mukamel, Ekstrom, Kaplan, Iacoboni, & 
Fried, 2010). Although these fMRI and physiological 
results speak in favor of the existence of motor-visual 
linkages in humans, they do directly demonstrate the 
influence of the motor system during visual recognition. 
Here, behavioral adaptation complement these results 
by demonstrating that motor adaptation is able to 
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influence visual recognition in direction discrimination 
(Barchiesi, Wache, & Cattaneo, 2012) and categorization 
tasks (de la Rosa, Ferstl, & Bülthoff, 2016). Yet in the action-
recognition domain, this influence seems to be restricted 
to action observation and does not extend to social interac-
tions in which action are simultaneously observed and 
executed (de la Rosa, Ferstl, & Bülthoff, 2016).

In conclusion, we demonstrated that visual and motor 
adaptation have different effects on facial recognition. 
These results challenge the view that facial expression 
recognition relies solely on motor-based processes.
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