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Abstract
Perceptions of the primary social dimensions, warmth and competence, determine how we view and relate to social targets. To
discern how warmth and competence might affect neural processing and its downstream behavioral consequences, we manipulated impressions of targets’ warmth and competence and then measured intentions toward the target and motor resonance, a
neural process previously linked to social processing. While EEG was recorded, 66 participants watched videos of people
performing a simple motor activity and completed a measure of hypothetical intentions to help or harm. Both perceptions of
warmth and competence predicted an increase in helping intentions. Moreover, participants showed the least motor resonance
with high competence-medium warmth targets, suggesting the importance of both social dimensions in driving neural simulation
of targets’ actions. Perceptions of a person’s warmth and competence can affect not only how others might intend to treat them,
but also how they might process their basic experiences on a neural level.
Keywords Social perception . Motor resonance . Mu-suppression . Warmth . Competence

Introduction
As perception informs action, social perception informs social
interaction (Knoblich & Sebanz, 2006). Social perception falls
along two primary dimensions: warmth and competence
(Abele & Wojciszke, 2007; Asch, 1946; Fiske, Cuddy,
Glick, & Xu, 2002; Judd, James-Hawkins, & Yzerbyt, 2005;
for review, Abele & Wojciszke, 2014), which distinguish intention and capability. Impressions of a social target along
these dimensions influence the observer’s reaction to and interaction with that person (Abele & Bruckmüller, 2011). To
investigate how perceptions of warmth and competence may
affect neural action processing and downstream behavioral
effects, we examined neural resonance—the similar activation
of an observer’s neural system during an action and during
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mere observation of the same action—and relate it to intentions toward targets varying in perceived warmth and competence. We show that perceptions of targets’ warmth and competence influence how perceivers neurally simulate their actions within their own sensorimotor system and the likelihood
of the perceiver intending to help or harm the targets.

Dimensions of social perception
Competence is the ability to achieve one’s intentions (Abele &
Wojciszke, 2013) and warmth is the intention toward the perceiver (Fiske, Cuddy, & Glick, 2007). Together, these dimensions tell the perceiver whether the target wishes well or harm
(warmth) and whether he or she is capable of following
through on those wishes (competence). Social evaluations of
competence and warmth of a social group account for the
majority of variance in trait attributions to group members
(Fiske et al., 2002; Wojciszke & Abele, 2008; Wojciszke,
Bazinska, & Jaworski, 1998), affecting stereotypes, prejudice
(Cuddy, Fiske, & Glick, 2007; Fiske et al., 2002), and intentions toward social groups (Cuddy, Fiske, & Glick, 2007,
2008).
The link between warmth and competence and the basic
goals of social perception implies a level of primacy for these
characteristics (Abele & Wojciske, 2014). Not only are these
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traits central to social perceptions, but they also have behavioral consequences. When perceived in light of their stereotyped social group membership, social groups’ perceived
warmth elicits active behaviors, such as protecting or
attacking (Cuddy, Fiske, & Glick, 2007), whereas their perceived competence elicits more subtle, passive behaviors,
such as cooperation with competent groups or exclusion of
incompetent groups (Cuddy et al., 2007). The Behaviors from
Intergroup Affect and Stereotypes (BIAS) model (Cuddy
et al., 2007) shows that the basic dimensions of social perception differentially predict two dimensions of behavior: valence
and intensity. Intensity captures how overt and effortful actions are and ranges from active to passive (Cuddy et al.,
2007). Perceived warmth predicts active behaviors, because
warmth information is more immediately relevant, possibly
requiring urgent action. Conversely, competence information
is less self-relevant and therefore is less likely to require immediate action, so its perception predicts passive behaviors
(Fig. 1, left panel; Cuddy et al., 2007). Research on these
behaviors has successfully predicted passive and active intentions toward stereotyped groups based on the groups’ perceived competence and warmth (Cuddy et al., 2007;
Kervyn, Fiske, & Yzerbyt, 2015; Fiske, 2015). This research
focused on behaviors toward social groups instead of individuals, so the present work tests whether similar relationships
hold for intentions toward individuals who vary on the dimensions of warmth and competence.
Interestingly, perceptions of competence and warmth also
affect neural processing. For instance, the perceived misfortune
of members of a social outgroup that is perceived as high in
competence and low in warmth predicts increased activity in
areas of the brain associated with subjective pleasure (Cikara &

Fiske, 2012), while those outgroup members perceived as low
in both warmth and competence elicit deactivation of brain
areas involved in social cognition (Harris & Fiske, 2006,
2007, 2011). Together these findings suggest a compelling
idea: our basic perceptions of the warmth and competence of
a target’s social group determines how we think about and treat
the individual. An open question, then, is how warmth and
competence might affect the social perception of and interaction with individuals independent of group membership.
Hence, the objective of the current study was to manipulate
warmth and competence perceptions of individual targets directly to investigate the effects on 1) action-related neural processing and 2) intentions toward those specific individuals.

Fig. 1. Left panel: the BIAS map model (adapted from Cuddy et al.,
2007); Right panel: participants’ actual active and passive intention data
(helping minus harm). C = Competence; W = Warmth; H = High; M =

Medium; L = Low. Color indicates degree of warmth; shape indicates
degree of competence. Error bars indicate standard error of the mean
differences

Neural motor resonance
An important neural process involved in social interaction is
motor resonance, the vicarious activation of an observer’s
sensorimotor and pre-motor areas during observation of another’s actions (Avenanti, Candidi, & Urgesi, 2013; Sartori,
Begliomini, Panozzo, Garolla, & Castiello, 2014; Uithol, van
Rooij, Bekkering, & Haselager, 2011). Motor resonance is
thought to contribute to many important social functions, including imitation (Iacoboni, 2005), joint action (Sebanz,
Bekkering, & Knoblich, 2006), and empathy (Moore &
Franz, 2017; Pineda & Hecht, 2009). Motor resonance may
be elicited by others’ pain (Bufalari, Aprile, Avenanti, Di
Russo, & Aglioti, 2007; Li, Meng, Li, Yang, & Yuan, 2017;
Perry, Bentin, Bartal, Lamm, & Decety, 2010) or actions
(Aglioti, Cesari, Romani, & Urgesi, 2008; Bouquet, Shipley,
Capa, & Marshall, 2011; Bowman et al., 2017; Uithol et al.,
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2011) and is considered an index of neural mirroring, an important process by which we encode others’ actions and intentions (Bowman et al., 2017; Fox et al., 2015). Most relevant to
the current research, motor resonance is responsive to the social interaction context (Hogeveen & Obhi, 2011, 2012; Perry,
Stein, & Bentin, 2011) and predicts participants’ movements
in response to others (Aridan, Ossmy, Buaron, Reznik, &
Mukamel, 2018), as well as subsequent coordinated action
(Naeem, Prasad, Watson, & Kelso, 2011) and cooperation
(Endedijk, Meyer, Bekkering, Cillessen, & Hunnius, 2017),
suggesting that motor resonance is at least associated with
more complex social behavior.
Crucially, motor resonance is affected by top-down social
processing and is biased against certain social targets. For
instance, people tend to resonate more with racial in-group
members (Avenanti, Sirigu, & Aglioti, 2010; Gutsell &
Inzlicht, 2010, 2013), goal-relevant actions (Cattaneo,
Caruana, Jezzini, & Rizzolatti, 2009), those with a positive
social valence (Hommel, Colzato, & Van Den Wildenberg,
2009), and those with whom they share a common goal
(Ménoret et al., 2014). Pertinently, participants also resonate
preferentially with those who treat them fairly and with whom
they want to affiliate (Aragón, Sharer, Bargh, & Pineda,
2013). This evidence suggests that both high competence
and high warmth targets should elicit more resonance.
On the other hand, angry movements elicit more neural
motor processing than neutral movements (Engelen, Zhan,
Sack, & Gelder, 2018) and recognition of negative emotions
slows down when motor processing is disrupted though transcranial magnetic stimulation (TMS; Balconi & Bortolotti,
2013). Therefore, motor resonance might not be limited to
prosocial contexts but rather be driven by the motivational
relevance of a target (Gutsell & Inzlicht, 2013). Such a functional perspective on person perception and motor resonance
asserts that people allocate their limited cognitive resources to
social targets who are relevant to their own goals and who
might provide functionally significant information
(Ackerman et al., 2006; Ohman, Flykt, & Esteves, 2001;
Varnum, Blais, & Brewer, 2016). Accordingly, we expected
low warmth to elicit greater motor resonance because illintentioned, threatening targets are more motivationally
relevant.
We had divergent hypotheses about the relationship between motor resonance and high warmth because theory and
empirical findings suggest different outcomes; a functional
theory of motor resonance would predict that prosocial intentions of a warm target may elicit motor resonance because
their actions might benefit the observer. However, preliminary
findings from our laboratory show that, although threatening
actions elicited significantly stronger motor resonance than
neutral actions, positive action did not elicit increased motor
resonance (Gutsell & Inzlicht, 2013). Moreover, others have
found that disrupting motor resonance leads to longer reaction

times in an emotion recognition task for fearful and angry
facial expressions, whereas happy expressions remained unaffected (Balconi & Bortolotti, 2013). Hence, we predicted
either a quadratic trend for warmth with both high and low
warmth targets eliciting increased motor resonance compared
to medium warmth targets or a linear trend with only low
warmth targets eliciting motor resonance.
A common resonance measure uses electroencephalography (EEG) to quantify motor resonance as a decrease in power
within the mu frequency band (8-13 Hz) at electrodes positioned over the sensorimotor cortex (Fox et al., 2015). Mu
waves originate from brain areas that activate during actionexecution and action-perception (Cochin, Barthelemy, Roux,
& Martineau, 1999; Fox et al., 2015; Thorpe, Cannon, & Fox,
2016), primarily clustered around the central sulcus in sensorimotor and parietal areas (Salmelin & Hari, 1994). Musuppression in the sensorimotor cortex is considered to be a
valid measure of motor resonance (Fox et al., 2015, and Hétu
et al., 2013, for meta-analyses) and is the measure of choice
for the current study.
We look at motor resonance as a necessarily interactive
process, indexing something beyond basic attention or social processing. Because resonance requires the mapping
of another person’s behavior and/or intentions onto the
perceiver’s brain, it requires both attention-directed
perception and recognition of the other as sufficiently
similar to the self to simulate. Investigating the individual
and combined effects of competence and warmth on motor
resonance can therefore shed light on the relative
importance of prosocial versus instrumental motivations
in basic processing of actions.

Current research
We examined how social traits affect neural motor resonance
and intentions. We measured mu power while participants
viewed videos of targets described as high, neutral, or low in
warmth and competence. In critical reviews, Hobson and
Bishop (2016, 2017) concluded that some studies of musuppression are unable to rule out the possibility that the
“mu” signal collected in sensorimotor areas originates as posterior alpha. We controlled for this issue by comparing central
electrodes over sensorimotor areas to more frontal and posterior electrodes. The same critical analysis and others
(Bowman et al., 2017) specify the need for an appropriate
baseline of mu activity to compare to experimental conditions.
By manipulating our independent variables within subject, we
are able to compare experimental trials to one another,
allowing us to look at the relative suppression effect within
similar trials rather than suppression compared with baseline.
Moreover, the mu-suppression literature has been criticized
for too many researcher degrees of freedom in regard to
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analysis parameters and too small sample sizes. To address
these issues, the current research is preregistered and adequately powered.
To test intentions in an interpersonal context, we used
Asbrock and Cuddy’s (unpublished) paradigm (Cuddy,
Fiske, & Glick, 2008)1 for measuring active and passive
intentions toward individuals rather than groups. While
warmth and competence reliably predict intergroup social
evaluations, no work has linked them to passive/active intentions toward individuals instead of social groups.
Testing intentions to perform these behaviors interpersonally and tying them to neural motor resonance are novel
contributions of this work that allow us to measure the
effects of competence versus warmth on basic neural processing and preparation of actions, plus potential downstream intentions.

Hypotheses
Our hypotheses are preregistered at https://osf.io/uka6c. In
taking a functional approach to person perception and motor
resonance, we expected higher competence social targets to
elicit greater motor resonance due to the increased
motivational relevance of a capable target. Similarly, we
expected low warmth to elicit greater motor resonance
because ill-intentioned, threatening targets are more
motivationally relevant. Due to our divergent hypotheses
about the relationship between motor resonance and high
warmth, we preregistered two alternative hypotheses for
warmth: a linear main effect of warmth and a quadratic main
effect of warmth.
In addition, we anticipated that the intentions measure
would separate targets’ warmth and competence as predictors of active and passive intentions, respectively; we predicted higher warmth to elicit more helping and fewer
harming active intentions, and higher competence to elicit
more helping and fewer harming passive intentions.
Because the BIAS model describes warmth and competence as independent, non-interacting dimensions (Fiske
et al., 2002), we did not predict an interaction between
warmth and competence.
Finally, we expected to find a link between motor resonance and intentions such that more resonance would predict
more helping and fewer harming intentions. This hypothesis
was motivated by a potential link between motor resonance
and empathy (Hoenen, Schain, & Pause, 2013; Perry et al.,
2010, Pineda & Hecht, 2009; Woodruff, Martin, & Bilyk,
2011) such that participants would be more likely to help those
with whom they resonated.
1
The paradigm was published in this review paper, but the results of the study
have not been.

Methods
Participants
The sample size was chosen (and preregistered) in accordance
with the Fox et al. (2015) meta-analytic recommendation that
a sample of 66 is needed to achieve a moderate effect size (d =
0.31) in mu desynchronization during action observation. The
same sample size also provides sufficient power for measuring
the effect of competence and warmth on intentions, given the
larger effect size of d = 0.43 from Asbrock & Cuddy’s unpublished findings. A power analysis revealed that 58 participants
are needed to adequately power our planned repeated measures ANOVA on mu-suppression as a function of warmth
and competence. To our knowledge, this is one of the first
studies to meet Fox et al.’s recommendation, making it one
of the largest mu-suppression studies to date (Hobson &
Bishop, 2016). Sensitivity analysis also shows that our sample
is sufficient to find a correlation between intentions and musuppression of r = 0.33 at 0.80 power.
Sixty-eight members of the university community participated in the study for course credit or financial compensation. Two participants were excluded due to unusable
EEG data.2 The final sample, therefore, was 66 participants
(18 males, 47 females, 1 other; 31 White, 9 East-Asian, 6
Hispanic, 5 Black, 3 South-Asian, 1 Middle-Eastern, 1
other, 10 multiracial; mean age = 18.95 years, SD = 1.39;
65 right-handed3). The university's Institutional Review
Board approved the study.

Procedure
After giving written consent, participants were video recorded
while repeatedly squeezing a stress ball. They were told they
would be learning about previous participants and watching
similar videos of them. Participants were then asked to choose
which adjectives they tend to be perceived as from lists of seven
warmth words (friendly. kind, reliable, well-intentioned, enthusiastic, sincere, and tolerant) and seven competence words
(decisive, capable, independent, persuasive, skillful, confident,
and efficient; adapted from Horchak, Giger, & Garrido, 2016)
as a personality test. This served to define competence and
warmth for the participants, reinforced the cover story that the
target individuals were other participants, and provided the rationale for the warmth and competence scores (low, medium,
and high) of nine target individuals, each identified with a letter
2
Preregistered outlier analysis identified four participants who were over two
standard deviations from the mean in mu power at baseline. Removing them
had minor effects on main analyses and we lacked explanations for their
extreme values, so results are reported with the full sample and differences
when outliers are removed are noted.
3
Removing the one left-handed participant did not affect analyses, so the data
were included.
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between A and I. Letters and trait pairings were randomly
matched in four sets, which varied between participants.
Participants performed a passive viewing (motor resonance)
task, in which each target identity was linked with a video of
ostensibly the target’s hand squeezing a stress ball, so that variations in the target’s warmth and competence scores might
affect motor resonance in response to the paired action videos.
In this task, each identity was introduced as a silhouette with a
warmth score (low, medium, or high) and a competence score
(low, medium, or high), followed by the ball-squeezing video
(Fig. 2). We chose this less ecological approach rather than
descriptions of warm versus competent traits to control participants’ perceptions of the targets as directly as possible and to
have three levels of each dimension to allow us to find quadratic
effects. Participants then completed an intentions task asking
them to report the likelihood that they would help or harm each
of the target individuals from the motor resonance task in a
hypothetical classroom scenario (Asbrock & Cuddy,
unpublished; Cuddy et al., 2008). Finally, participants completed additional exploratory questionnaires which are listed in the
supplementary materials. Participants wore the EEG cap
throughout the study. See the Open Science Framework
(https://osf.io/kucjd/) for the text of all of our measures.

Motor resonance task
In the motor resonance task, trials consisted of jittered whitenoise for 2,000-2,300 ms, followed by a fixation cross for 500
ms, and 4,000 ms of target information: a letter identifier, a
silhouette (the same for all targets) and warmth (low, medium,
or high) and competence (low, medium, or high) scores
resulting in nine conditions of warmth and competence combinations. This was followed by a 500-ms fixation cross and a
video of a hand squeezing a stress ball for 2,000 ms (Fig. 2).
Each of the nine target video combinations was presented 14
times for a total of 126 trials broken into seven blocks with
short, participant-controlled breaks between each block. The

action videos depicted a right hand squeezing a stress ball at a
rate of approximately one squeeze per second. All hands were
white, evenly split between genders, and depicted from the
wrist down with no identifying markers. Within each randomization set, each identity was always shown with the same video. The hands’ gender was counterbalanced between conditions
so that “Participant A” was female exactly half of the time.

Measures
Intentions measure
To assess how mu-suppression might predict intentions
previously linked with warmth and competence, we measured participants’ willingness to actively/passively
help/harm the target individuals (adapted from Cuddy
and Asbrock, unpublished). For each target identity, participants were asked to imagine taking a course in which
60% of their final grade would be determined by a joint
project with another student. They were asked to imagine
being assigned to work with each target and to assess the
likelihood that they would behave in various ways toward
that individual on a five-point scale from “not at all likely”
to “very likely.” They read that “the person assigned to
work with you is Participant A [B-I], who is clearly one
of the smartest [least smart; of average intelligence] and
most competent [least competent; of average competence]
students in the class, and also is friendly [unfriendly; neither friendly nor unfriendly] and warm [cold; neither warm
not cold] toward the other students.” Each identity’s description matched the version presented in the motor resonance task and participants answered the same questions
about all nine identities. Their choices fell into four categories, with two actions in each category: active help
(“share notes with partner,” “do more work to help my
partner”), active harm (“take undue credit for my partner’s
work,” “tell my professor (i.e. tattle) if I don’t think my

Fig. 2. Trial sequence. Participants viewed a sequence of white noise (jittered between 2,000 and 2,300 ms), fixation cross, silhouette with warmth and
competence information, fixation cross, and motor action video for each trial
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partner is doing his or her share”), passive help (“accept
my partner’s ideas,” “take my partner’s ideas seriously”),
and passive harm (“avoid meeting with my partner,” “dismiss my partner’s ideas”). Responses for both actions in
each category were added, yielding four scores per participant, bounded at two and ten. Principal component analysis with varimax rotation for each target identity confirmed that the eight items fit well into two factors corresponding to passive and active intentions with average eigenvalues of 2.80 and 1.77. Helping intentions loaded positively and harming intentions loaded negatively on each
factor, except for the first active harm item which loaded
poorly on both factors.

EEG recording and processing
We recorded EEG from 33 active electrodes embedded in a
stretch-lycra cap (ActiCap, BrainProducts GmbH, Munich,
Germany), arranged according to the 10-20 system with
impedances below 10 KΩ. The EEG was digitized at
500 Hz using BrainAmp amplifiers and BrainVision
Recorder software (BrainProducts GmbH, Munich,
Germany) with an initial reference at FCz, then rereferenced offline to an average reference as part of proc e s s i n g a n d a n a l y s i s i n B r a i n Vi s i o n A n a l y z e r
(BrainProducts GmbH, Munich, Germany). Vertical electrooculogram (VEOG) was recorded with a pair of electrodes placed above and below the right eye. EEG recordings were filtered with a 0.01 to 30 Hz (24 dB/oct)
bandpass filter, large artifacts were automatically identified
and excluded, and data was corrected offline for eye-blinks
using the VEOG channels and an independent component
analysis-based procedure for isolating and removing ocular
artifacts (Croft & Barry, 2000). Remaining artifacts were
automatically rejected when data included voltage steps
greater than 200 μV/ms, absolute amplitudes greater than
160 μV, and activity levels lower than 0.5 μV/100ms.
Artifact-free epochs of 250ms were extracted from each
two-second stimulus presentation (taken from 0-2000ms
post-stimulus onset) through a 25% Hamming window
and overlapped by 75% to minimize data loss. We performed a fast Fourier transformation and calculated power
in the 8-13 Hz band for each video presentation.4 We then
averaged spectral data for videos within each of the nine
competence/warmth targets and across the white-noise
baseline. Trials with artifacts were not included, resulting
in <1.5% data loss. Power values were log transformed to
normalize the data.

4

A typo in our preregistration listed 8-16 Hz. This was a mistake, as mu is
commonly agreed to be 8-13 Hz (Fox et al., 2015).

Results
Intentions measure
Our preregistered hypotheses were that warmth and competence would affect active versus passive helping and harming
intentions differently, with increasing competence facilitating
passive helping and reducing passive harming and increasing
warmth facilitating active helping and reducing active
harming. To simplify this analysis, we created a preregistered
index of positive intentions by subtracting harming intentions
from helping intentions for each target identity (see the
Supplemental Materials for the analysis without difference
scores). We then ran a 3 (target competence: low, medium,
high) x 3 (target warmth: low, medium, high) x 2 (intention
type: active or passive) repeated measures factorial ANOVA.
Our preregistered predictions were an interaction between
warmth and type, with higher warmth predicting increased
active positive intentions, and an interaction between competence and type, with higher competence predicting increased
passive positive intentions. We did not predict interactions
between warmth and competence because the BIAS model
describes the traits as independent from each other. Means
and standard deviations for each intention are in Table 1
(and Table S1 breaks them down by target).
The ANOVA revealed main effects of competence, F(1.47,
95.48) = 99.16, p < 0.001, ηp2 = 0.60, and warmth, F(1.46,
95.16) = 124.00, p < 0.001, ηp2 = 0.66.5 These were qualified
by interactions between competence and type, F(1.57, 101.73)
= 90.09, p < 0.001, ηp2 = 0.58, and competence and warmth,
F(4, 260) = 3.34, p = 0.011, ηp2 = 0.049. The predicted interaction between warmth and type did not emerge,6 F(1.70,
110.72) = 2.09, p = 0.14, ηp2 = 0.031, nor was there a threeway interaction, F(3.58, 232.48) = 0.23, p = 0.90, ηp2 = 0.004.
These results showed that, as predicted, competence more
strongly affected passive than active intentions (simple effect
of competence on passive intentions: F(2, 64) = 80.70, p <
0.001, ηp2 = 0.72; simple effect of competence on active intentions: F(2, 64) = 6.45, p = 0.003, ηp2 = 0.17; Fig. 3), but
that, contrary to predictions, warmth similarly affected both
active and passive intentions (simple effect of warmth on passive intentions: F(2, 64) = 72.97, p < 0.001, ηp2 = 0.70; simple
effect of warmth on active intentions: F(2, 64) = 52.47, p <
0.001, ηp2 = 0.62). The unexpected interaction of competence
and warmth was driven by targets that were high competence,
medium warmth being relatively more similar to medium
competence, medium warmth targets, though planned comparisons showed that all identities differed significantly, all
ps < 0.01.
5
Except for the competence/warmth interaction, p-values reported here are
Greenhouse-Geisser corrected, as the assumption of sphericity was violated.
6
This interaction is marginal when excluding outliers.
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Means and standard deviations for all four intentions

Intention

Mean (SD)

Active Harm
Active Help
Passive Harm
Passive Help

4.91 (1.48)
7.39 (1.90)
4.66 (1.88)
7.51 (1.99)

Motor resonance
We found significant suppression within the mu-frequency
band during action observation (M = 0.69 mV2, SD = 0.29
mV2) compared with baseline (M = 0.92 mV2, SD = 0.32
mV2) within our region of interest, the left central electrode
C3, t(65) = −17.65, p < 0.001, d = 2.17, which is above the
sensorimotor cortex contralateral to the right hands participants watched. The odd-even split half reliability of musuppression (calculated as log ratio of observation/baseline)
was .96, indicating that we were able to obtain a reliable measure of mu-suppression. To test the localization of this effect
and its response to the dimensions of social perception, we
compared suppression across frontal (Fz, F3, F4), central (Cz,
C3, C4), and parietal (Pz, P3, P4) electrodes, performing a 3
(Warmth: high, medium, low) x 3 (Competence: high, medium, low) x 3 (Electrode centrality: Frontal, Central, Parietal) x
3 (Electrode lateralization: left, central, right) repeatedmeasures ANCOVA on mu-power, covarying for baseline
white-noise across electrodes.7 Results revealed a significant
main effect of centrality, F(2, 128) = 16.62, p < 0.001, η2 =
0.21, and a marginal interaction of warmth and competence,
F(4, 256) = 2.29, p = 0.06, η2 = 0.035.8 Preregistered simple
comparisons showed more mu-suppression in central electrodes than frontal (p < 0.001) or parietal (p < 0.001), and
significant differences between left, central, and right electrodes (all ps < 0.01), with the most mu-suppression at left
electrodes. Within the central electrodes, there was significantly more mu-suppression at C3 (M = 0.69 mV2, SE = 0.017)
and C4 (M = 0.74, SE = 0.017) than at Cz (M = 0.84, SE =
0.014; ps < 0.001), though the difference between C3 and C4
was not significant (p = 0.43), suggesting that our effects did
not lateralize as much as expected.
7
This analysis was preregistered. A post-hoc comparison of central to occipital electrodes in line with the recommendations of Hobson and Bishop (2016)
in a similar ANCOVA found a main effect of electrode centrality, F(1, 62) =
4.56, p = 0.037, η2 = 0.069, showing greater suppression of the 8-13 Hz wave
in central than occipital regions. This suggests that the effect on motor resonance is separate from possible attentional differences indexed by occipital
alpha. There was also a main effect of laterality, F(2, 124) = 5.34, p = 0.006,
η2 = 0.079, and an interaction between centrality and laterality, F(2, 124) =
7.63, p = 0.001, η2 = 0.11, with greater suppression on the sides than in the
middle, especially at central electrodes.
8
Excluding outliers removed the marginal warmth/competence interaction
and provided a marginal effect of lateralization (p = 0.082). The simple effects
do not change, nor does the second ANCOVA below.

Fig. 3. Positive intentions (help – harm) for each level of warmth and
competence, split between active and passive intentions. Error bars
indicate standard error of the mean.

With this evidence of resonance, we then ran a 3 (Warmth:
high, medium, low) x 3 (Competence: high, medium, low)
ANCOVA with the C3 white-noise baseline as the covariate,
looking at mu-suppression at C3. This analysis revealed no
significant main effects nor interaction (ps > 0.33).
Nonetheless, we proceeded with our a priori preregistered
planned comparisons (Tybout et al., 2001; see “Follow-up
analyses” in the preregistration). For high competence targets,
there was a quadratic effect of warmth with participants showing significantly more mu-suppression for low than medium
warmth targets, p = 0.044, d = 0.26, and significantly more
mu-suppression for high than medium warmth targets, p =
0.031, d = 0.26. Similarly, for medium warmth targets, there
was a linear effect of competence with participants showing
significantly more mu-suppression for high competence targets than for low competence, p = 0.019, d = 0.29, or medium
competence targets, p = 0.003, d = 0.38. This is a more nuanced result than our predicted main effects of competence
and of warmth, but the pattern we expected did appear: high
competence generated the most resonance when targets were
perceived as neither very warm nor very cold, and warm and
cold targets elicited more resonance than neutral targets when
they were perceived as highly competent (Fig. 4).
Finally, we looked for a potential relationship between intentions and mu-suppression. Neither active nor passive positive intentions correlated with mu-suppression (active: r(64)
= 0.16, p = 0.20; passive: r(64) = −0.15, p = 0.20). Thus, we
failed to detect a relationship between intentions and musuppression.

Discussion
Warmth and competence have been identified as primary dimensions of social perception, and their effects on perception
and social cognition have been investigated for decades (Judd
et al., 2005), but the underlying neural processes and
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Fig. 4. Left panel: Mu power during action observation trials for each
target identity. Values are marginal means controlling for average baseline
activity, generated from the reported ANCOVA. High competence targets
elicited less mu, and thus more resonance, when they were high or low
warmth compared with medium warmth. Similarly, medium warmth

targets elicited less mu when they were low or medium competence
compared to high competence. Error bars indicate standard error of the
mean. Right panel: topographic depiction of overall mu-suppression (log
ratio scores (observation/baseline) across all target identities)

downstream effects on intentions and behavior, particularly in
an interpersonal context, are still poorly understood. We have
provided evidence of separate and combined effects of
warmth and competence on intentions and neural resonance.
Targets’ perceived warmth and competence predicted active
and passive intentions toward them, replicating previous, unpublished findings (Cuddy et al., 2008), and predicted motor
resonance at least for medium warmth and high competence
targets. To our knowledge, these findings provide the first
evidence of personality trait impressions affecting motor
resonance.

2008), perceived competence seems to dictate whether warmth
affects motor resonance. The responsiveness of motor resonance to dimensions of social perception adds to the growing
literature that top-down representations of targets affect the
basic processing of their actions (Aragón et al., 2013; Gutsell
& Inzlicht, 2010; Hogeveen, Chartrand, & Obhi, 2015).

Effects on motor resonance
Although the patterns are more nuanced than predicted, our
resonance results present the first evidence that neural action
processing shows differential responses to perceived warmth
and competence. Participants resonated less with high competence, medium warmth social targets than with the other medium warmth or high competence targets. The predicted quadratic effect of warmth was present, but only for high competence targets, suggesting that target warmth matters only when
the target is perceived as high in competence. This aligns with
a functional account of motor resonance: resonance responds
on the basis of targets’ social relevance, as determined by their
combination of intention and capacity (Ackerman et al., 2006;
Fiske, 2018; Ohman et al., 2001). Warmth-based evaluations
are considered stable while competence-based evaluations depend on warmth (Abele & Wojciszke, 2013). Our results suggest that resonance responds to the interaction of warmth and
competence, but while perception of warmth drives our attitudes toward others (Abele & Wojciszke, 2007; Cuddy et al.,

Effects on intentions
Consistent with the BIAS model (Cuddy et al., 2007), competence affected passive intentions and warmth affected active
intentions, even in an interpersonal context. This finding suggests a successful manipulation of warmth and competence on
an individual level and indicates a successful replication of
warmth and competence predicting intentions (Cuddy et al.,
2007, 2008). However, while competence predicted passive
more than active intentions, in keeping with the model, our
results did not show a stronger association of warmth with
active over passive intentions. While we did not predict an
interaction between warmth and competence, previous research on warmth and competence indicates that an increase
on one dimension predicts a decrease on the other, such that
those who are perceived as warmer are less likely to be perceived as competent, but those who are perceived as more
competent are less likely to be perceived as warm (Cuddy
et al., 2009). Additional studies of warmth and competence
do show an interaction between warmth and competence
(Durante et al., 2017; Durante et al., 2013; Imhoff & Koch,
2017), potentially explaining the interaction between warmth
and competence in our intentions findings. In sum, our data
confirm that perceptions of individuals’ warmth and competence can affect intentions and show that warmth is an

Author's personal copy
Cogn Affect Behav Neurosci

important determinant of both passive and active intentions
despite their orthogonality in the BIAS map.
We did not detect a relationship between mu-suppression
and intentions. According to the empathetic account of resonance, resonance should increase helping; however, we did
not find the expected equivalent positive relationship with
more positive intentions. It is possible that by measuring intentions rather than actual behavior we minimized the effect of
implicit processes on our intentions measure. Additionally, it
is possible that motor resonance does not predict hypothetical
interactions or intentions to behave and only relates to direct
interaction. Finally, given that motor resonance is tightly
linked to sensorimotor processing, it is also possible that it
would only predict intentions of concrete motor actions and
not more abstract intentions like accepting a partner’s ideas.
Thus, future studies could benefit from a more direct approach
that measures actual behaviors and more basic motor actions
rather than intentions about complex social behavior.

Limitations and conclusions
The manipulation of perceived warmth and competence was
designed to target the concepts in their purest forms. This
benefit for internal consistency likely comes with decreased
external validity. Being labeled as “high warmth” is not the
same as actually displaying warm behavior, and being labeled
as “low competence” will likely affect social perceptions differently than actually displaying incompetent behavior; perhaps in the real world these dimensions might yield even
stronger results due to the greater motivational relevance of
the target’s traits. In addition, there is some possibility that the
ratings of warmth and competence and the reported intentions
were both indexing how positively or negatively the targets
were perceived, which we did not measure. However, the
differentiation of intentions by warmth and competence (Fig.
3) leaves us confident that the manipulation and measure were
not confounded in this way.
Social perception is inherently connected to interaction.
The current findings support this notion by showing that manipulations of the primary dimensions of social evaluation can
affect not only how the brain processes a target’s actions but
also intentions toward the target. Finding that motor
resonance—a neural index of action processing linked to action understanding and basic empathy—is affected by the primary dimensions of social perception advances our understanding of social processing. Our results suggest that people’s
impressions of others’ warmth and competence can affect how
they relate to others’ experiences even on such a basic level as
action processing. Moreover, by looking at how warmth and
competence affect both motor resonance and intentions, we
provide insight into how the top-down and bottom-up processes of social impression formation and action processing
might interact to drive decisions about behavior.

Open practices statement The data, materials, and preregistration of this study are available at https://osf.io/kucjd/.
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