
It is not only whether I approach but also why I approach: A registered
report on the role of action framing in approach/avoidance
training effects☆,☆☆

Marine Rougier a,b,*, Mathias Schmitz a,c, Ivane Nuel d, Marie-Pierre Fayant e, Baptiste Subra f,
Theodore Alexopoulos f, Vincent Yzerbyt a

a Institut de Recherches en Sciences Psychologiques, Université catholique de Louvain, Louvain-la-Neuve, Belgium
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A B S T R A C T

Research on approach/avoidance training (AAT) effects shows that approach (i.e., reducing the distance between
the self and a stimulus) leads to more positive evaluations of stimuli than avoidance (i.e., increasing the distance
between the self and a stimulus). The present experiments relied on a grounded cognition approach to extend this
finding by investigating the framing-dependency of AAT effects on facial representations of target stimuli. In a
Preliminary Experiment, using antagonistic types of approach (affiliative vs. aggressive) and a reverse correlation
paradigm, we found that approach led to more positive facial representations than avoidance when approach was
portrayed as affiliative, but this effect decreased and tended to reverse (i.e., yielding more negative facial rep-
resentations) when approach was portrayed as aggressive. Two registered experiments extended these results
while also addressing important limitations of the Preliminary Experiment. First, to prevent any contrast
emerging from the joint use of approach and avoidance, Experiment 1 isolated the unique effects of affiliative
approach, aggressive approach, and avoidance compared to a control action. We also explored whether
aggressive approach and avoidance (two negatively valenced yet distinct actions) produced negative effects
characterized by divergent outcomes on facial features (e.g., weak vs. dominant). Second, Experiment 2 tested
the importance of the experiential component of approach/avoidance actions by comparing the AAT with a mere
instructions condition. Results of Experiments 1 and 2 proved consistent with a framing-dependency of AAT
effects. Unveiling the framing-dependency of AAT effects challenges some of the current theoretical views on
AAT effects.

Approach and avoidance are among the most fundamental and
adaptive actions toward the environment. While positive/negative
evaluations facilitate approach/avoidance responses (i.e., a distance
reduction/increase between the self and a stimulus, respectively; Solarz,

1960), the reverse relationship also holds. As revealed in the “Approach/
Avoidance Training” (AAT) effect, the repeated performance of
approach behaviors yields positive evaluations toward the stimulus,
while repetitively executing avoidance behaviors yields negative
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evaluations (e.g., Kawakami et al., 2007). So far, AAT effects have been
considered without any further specification of the meaning of
approach/avoidance. Indeed, approach seemingly evokes positivity,
whereas avoidance presumably suggests negativity. However, approach
behaviors can sometimes convey a radically different meaning, one akin
to negativity instead (e.g., affiliation vs. aggression). In this contribu-
tion, our main goal is to test the moderation of the AAT effects by the
meaning attached to approach and avoidance actions, that is, the
framing-dependency of AAT effects. Relying on a grounded cognition
framework, we also consider insights into potential underlying
processes.

1.1. The “systematic” outcome of approach/avoidance training
effects

The AAT effect is a robust phenomenon. It emerges across a large
variety of stimulus types (e.g., novel, social-related, addiction-related)
that repeatedly approaching (avoiding) one category of stimuli leads to
a more positive (negative) evaluation of this category (Becker et al.,
2015; Jones et al., 2013; Rinck et al., 2013; Wiers et al., 2010; Woud
et al., 2013). Interestingly, AAT consequences go beyond mere evalua-
tive changes. They also influence behaviors (e.g., sitting distance) to-
ward the category one has been trained to approach (Kawakami et al.,
2007), as well as its visual representation in memory (Rougier et al.,
2021).

In previous research, two features of the AAT effect stand out,
forming what we call a “systematic” AAT outcome. First, the direction of
this effect is highly consistent: Approach leads to more positive evalu-
ations (Cacioppo et al., 1993), more positive representations (Rougier
et al., 2021) or more favorable behaviors (Kawakami et al., 2007) than
avoidance (but see Mertens et al., 2018). Second, this outcome emerges
without any further characterization of the meaning of approach and
avoidance actions (i.e., without specifying what approach and avoid-
ance stand for in the setting, e.g., Van Dessel et al., 2015; but see Laham
et al., 2014).

The standard interpretation of the AAT effect – adopted by various
theoretical accounts – is that it results from the evaluative properties of
approach and avoidance actions (e.g., Eder & Klauer, 2009; Neumann
et al., 2003; Phills et al., 2011; Van Dessel, Hughes, & De Houwer,
2018). Building on the premise that approach/avoidance actions are
unequivocally linked to positive vs. negative evaluative features, pairing
these actions with stimuli should produce a corresponding change in
their evaluation. However, if this very general explanation provides
strong grounds for a systematic outcome of AAT effects, it leaves out an
important feature of approach and avoidance behaviors, namely, their
sensorimotor aspects.

1.2. The grounded perspective on the AAT effect

The AAT effect builds on the seminal idea that the sensorimotor in-
formation of approach and avoidance has an impact on evaluations of
neutral stimuli (Cacioppo et al., 1993) and echoes the principles of
grounded cognition (Barsalou, 1999, 2008; Damasio, 1989; Versace
et al., 2014). This view proposes that behaviors such as approach and
avoidance are coded in memory as “multimodal representations” with
both a) the sensorimotor aspects of approach/avoidance (e.g., move-
ments toward or away from the stimulus, as well as the corresponding
visual changes resulting from these movements) and b) the aspects of
stimuli that routinely triggered those actions in the past (e.g., the
valence of the stimulus or its appearance; Rougier et al., 2018).

Once formed, these multimodal representations are thought to be
reactivated during the AAT. Specifically, the sensory activations
involved in a typical AAT situation (e.g., when performing approach/
avoidance toward groups of faces in the training; Rougier et al., 2021)
are assumed to activate the multimodal representations of past approach
and avoidance, which includes the visual appearance of previously

approached/avoided stimuli (e.g., faces). The simultaneous activations
stemming from the present (i.e., perceptions activated from the AAT)
and past situations (i.e., perceptions from approach/avoidance repre-
sentations) would then combine and be reinjected into the memory
system (Versace et al., 2014). The new combined information would
thus involve the visual features (e.g., facial features) as well as the
valence of stimuli one has approached/avoided in the past. Conse-
quently, this approach predicts that approach and avoidance should
impact perceived valence of stimuli, as well as their visual
representation.

In line with this reasoning, Rougier et al. (2021) showed that
approaching vs. avoiding neutral faces in an AAT biased the visual
representations of approached vs. avoided groups of faces on a series of
facial traits. Specifically, the visual representation of the approached
group was evaluated (by independent judges) more positively than the
one of the avoided group. Crucially, two results emerged as particularly
consistent with a grounded cognition approach. First, the difference in
evaluation between visual representations was stronger for facial traits
that are most likely to trigger approach/avoidance reactions (“other-
relevant” traits, e.g., trustworthy, cruel) than for facial traits less likely
to trigger these actions (“possessor-relevant” traits, e.g., intelligent, lazy;
see also Wentura et al., 2000). Second, the AAT effect emerged without
explicitly mentioning the terms “approach” and “avoidance” in the in-
structions – that is, when capitalizing on the mere sensorimotor infor-
mation of approach/avoidance (i.e., the visual impression of walking
forward/backward; see also Kawakami et al., 2007; Phills et al., 2011).

1.3. Toward a moderation of AAT by action framing

According to a grounded cognition framework, different types of
actions (e.g., affiliative approach vs. aggressive approach vs. avoidance)
should be coded as distinct multimodal representations. These repre-
sentations should contain discrete information about stimuli that were
approached/avoided (e.g., affiliative approach could be associated with
friendly faces, whereas aggressive approach with unfriendly faces).
Indeed, every stimulus that triggered approach or avoidance actions
possesses features that are uniquely related to the specific action (e.g.,
Bossuyt et al., 2014; Krieglmeyer&Deutsch, 2013). Hence, performing a
specific action in an AAT (e.g., approach) should evoke distinct multi-
modal representations (e.g., multimodal representation of affiliative vs.
aggressive approach) as a function of the way the action is framed (e.g.,
affiliative or aggressive). This implies that the framing of the action
should moderate the AAT effect.

Some preliminary research supports this idea. For instance, an
elaborated contextual framing seems to facilitate the emergence of AAT
effects. Indeed, Laham et al. (2014) showed that AAT effects are larger
when an elaborated framing contextualizes the approach/avoidance
actions (e.g., collecting/rejecting food on an alien planet) compared to
when this framing is absent (e.g., pulling/pushing instruction). How-
ever, this experiment did not manipulate the meaning of approach/
avoidance per se. Other efforts suggest that the direction of the AAT
effect can be altered by the evaluative meaning of concurrently
approached/avoided stimuli. For instance, Mertens et al. (2018) had
participants perform the AAT task on neutral stimuli and conditioned
positive vs. negative stimuli at the same time. The authors concluded
that the pairing of the approach/avoidance action with a positive or
negative stimulus moderates the AAT effect. Yet, this procedure does not
allow concluding whether it is the pairing of the movement with a
specific valence or the mere valence of the stimulus that is responsible
for the effect (for evidence on the effect of stimuli pre-training evalua-
tion, see Krishna & Eder, 2019).1

The question of the potential influence of the approach/avoidance
meaning is crucial given the context-dependent nature of approach/

1 We thank an anonymous reviewer for pointing this out.
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avoidance behaviors in everyday life. For instance, people can manifest
approach for very different reasons (e.g., to hug or to punch someone),
resulting in considerable variations on the meaning of this action.
Crucially, research on approach/avoidance reactions showed that the
activation of these tendencies depends on the way the action is framed in
the context of the experiment. For instance, Krieglmeyer and Deutsch
(2013) found that participants were faster to approach than to avoid
angry faces when approach was framed as aggressive, whereas they
were faster to avoid than to approach angry faces when approach was
framed as affiliative. These findings suggest that reactions toward the
very same stimulus can be diametrically opposed (i.e., tilting from
avoidance to approach) as a function of action framing (see also Bossuyt
et al., 2014). In the present work, we aim to show that the action’s
concomitant meaning also plays a role in AAT effects. Specifically, we
predict that the action framing should moderate the AAT effect on the
visual representation of the stimuli.

1.4. Distinguishing between a grounded cognition approach and
alternative models

Generic models of AAT effects stand out as alternative models to the
grounded cognition approach and have in common to rely on the eval-
uative properties of approach (positive) and avoidance (negative) ac-
tions. The potential moderation by the action framing, however, fits
better with some accounts than with others.

On the one hand, the motivational-systems and self-anchoring ac-
counts would hardly predict a moderation by action framing. The former
account states that the evaluative properties of approach and avoidance
actions emerge from two core systems of approach and avoidance, with
the approach (avoidance) system being generally associated with posi-
tive (negative) consequences (Neumann et al., 2003; Wiers et al., 2011).
Similarly, according to the self-anchoring account, when approaching a
stimulus, the valence of the self-concept, which is usually endowed with
a positive valence, is transferred to the stimulus (Kawakami et al., 2007;
Phills et al., 2011)2 – although this association may be more or less
favorable as a function of self-esteem (Gawronski et al., 2007). Hence,
these two theoretical approaches cannot easily accommodate the flexi-
bility of the link between approach/avoidance and valence, at least
when experimentally manipulated by action framing. Therefore, a
moderation by action framing should provide evidence against the
motivational system and the anchoring accounts.

On the other hand, two other alternative accounts relying on the
evaluative properties of approach/avoidance are more compatible with
a moderation by the action framing. The common-coding account (Eder
& Klauer, 2009) proposes that the valence of approach and avoidance
stems from the affective codes associated with the representation of the
movement (Van Dessel, Eder, & Hughes, 2018). In the same vein, the
inferential account argues that evaluative inferences about stimuli (e.g.,
“Stimulus A is positive”) rest on all activated propositions associated
with these actions and how they relate to valence (e.g., “I approached
stimulus A", “I generally approach positive things”; Van Dessel, Hughes,
& De Houwer, 2018). Although these two approaches rely on different
processes (e.g., associative vs. propositional), they both accommodate
the idea that the valence of approach/avoidance may depend on
framing. Therefore, the moderation by framing effect cannot distinguish
the common coding and the inferential accounts from the grounded
cognition approach.

Beyond the moderating role of action framing, the role of the expe-
riential component of the AAT (i.e., the effect of actually approaching
and avoiding stimuli during the training phase) should enable us to
contrast a grounded cognition approach with the inferential account.
According to a grounded cognition approach, the enactment of

approach/avoidance actions should reactivate more strongly their rep-
resentations in memory (via sensorimotor simulation) and thus foster
AAT effects as compared to merely receiving approach/avoidance in-
structions. The motivational, self-anchoring, and common-coding ac-
counts would also predict that repeated actions should lead to a larger
effect. For these three accounts, repeatedly enacting approach/avoid-
ance should reinforce the associative links as compared to only reading
an instruction to approach/avoid. For the inferential account, however,
the AAT effect is assumed to be driven by the inferences derived from the
instructions. Indeed, previous research showed that merely instructing
participants that they will have to approach or avoid novel groups is
sufficient to produce an evaluative bias (e.g., Van Dessel et al., 2015; see
also Smith et al., 2019). Based on this idea, one can argue that because
performing vs. not performing the training involves the same in-
structions, similar inferences should be activated in both conditions and
therefore the experience of approach/avoidance training should not
increase the AAT effect.3

Interestingly, previous research examined the unique contribution of
experiencing approach/avoidance training on the AAT effect by
comparing an AAT with mere instructions without performing the
training. Results are mixed: Some work showed that experiencing a
training has an effect that is independent from instructions (Rougier
et al., 2021; Van Dessel et al., 2020, 2016), whereas other work failed to
observe such a difference (Smith et al., 2019; Van Dessel et al., 2016).
Given the theoretical importance of this question and the mixed results
reported in the literature, it is necessary to provide an additional test of
the unique role of training as well as a better estimation of its effect size.

Testing the unique contribution of the approach/avoidance training
effect also enables to rule out an alternative explanation in terms of
demand effects (Corneille & Béna, 2023). One could argue that the in-
structions provide a simple account for the moderation of the AAT effect
by action framing. That is, framing approach as affiliative or as
aggressive may come across as an experimental demand to rate
approached faces positively or negatively according to the condition. If
such an explanation were true, providing instructions alone should be
sufficient to generate the predicted moderation effect of action framing,
regardless of whether participants do or do not undergo the training. In
contrast, if a larger effect emerges in the experience-based procedure,
thus showing that experiencing training has a unique effect, this implies
that instructions alone (and thus a potential demand effect) cannot fully
account for the moderation by action framing (Orne, 2009).

1.5. Overview

The main goal of this paper is to test a grounded cognition approach
of the AAT effect. To do so, we investigated the moderating role of action
framing on AAT effects, specifically on the visual representation of
approached/avoided facial stimuli. In addition, we also examined the
importance of actually performing approach/avoidance actions in
comparison to merely receiving approach/avoidance instructions.

We report three experiments: A non-registered Preliminary Experi-
ment and two registered experiments (Exp. 1 and 2). The preliminary
experiment manipulated antagonistic affiliative versus aggressive
approach framings. We relied on Rougier et al.’s (2021) procedure using
the Visual Approach/Avoidance by the Self Task (VAAST; Rougier et al.,
2018) and the reverse correlation paradigm (Dotsch & Todorov, 2012).
We selected these tasks because they usually lead to large AAT effects
when combined (Rougier et al., 2021).

In Experiment 1, we aimed at replicating the framing moderation
observed in the Preliminary Experiment but with a between-participant

2 According to the self-anchoring account, the valence does not come from
approach/avoidance actions per se but from the self.

3 Relying on a more recent, qualified inferential view, however, one could
argue that experiencing approach/avoidance actions should lead to larger
evaluative change (Rougier et al., in preparation). We will come back to this
point in the General Discussion.
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manipulation of the target action (i.e., affiliative approach vs. aggressive
approach vs. avoidance; each target action compared to a control ac-
tion). Again, to the extent that the AAT is framing-dependent, the visual
representation obtained in the aggressive approach should result in
more negative evaluations than the visual representation in the affili-
ative approach condition. Moreover, relying on grounded cognition
principles, we formulated predictions not only in terms of valence but
also with respect to the type of facial features that would yield biased
representations (for a similar rationale, see Rougier et al., 2021, Ex-
periments 1–2). We reasoned that if the AAT effect depends on the
meaning of the action, the visual representations in the aggressive
approach and avoidance conditions should be mostly biased on physical
traits typically related to each of these actions.

In Experiment 2, we tested the importance of actually performing
approach/avoidance actions in comparison to merely receiving
approach/avoidance instructions. If the experiential aspect of approach/
avoidance actions contributes to the AAT effect, the effect should be
larger when participants enact these actions.

As in Rougier et al. (2021), we had no reasons to predict different
effects of approach/avoidance training and approach framing as a
function of the characteristics of our samples (e.g., gender, socio-
economic variables, etc.). Nevertheless, face-based social perception
can vary based on individuals’ cultural environment (e.g., Western vs.
Chinese; Sutherland et al., 2018; Wang et al., 2019) or other individual-
level variables such as gender or personality (Mattarozzi et al., 2015).
For instance, women tend to perceive trustworthy-looking faces as more
trustworthy than men and individuals low on agreeability and high on
aggressiveness tend to perceive faces as less trustworthy (Mattarozzi
et al., 2015). Hence, although we did not vary the cultural background
of our sample, we aimed at replicating the framing effect in a diversified
sample to assert that this effect could emerge despite potentially
increased inter-individual variability in face-based perception. With
this, our aim was to increase the generalizability of our findings – that
tis, that the framing effect would replicate in a new sample.

We ran the Preliminary Experiment, Experiment 1 (Parts 1 and 2)
and Experiment 2 (Part 2) on a crowdsourcing platform (Prolific Aca-
demic; www.prolific.co). Samples included native English-speaking US
participants (cf. pre-screening criteria) and were heterogeneous, as
participants potentially varied greatly in age, gender, religion, ethnic
and racial background, or social class, etc. (Gleibs, 2017; Peer et al.,
2017). At the same time, Experiment 2 (Part 1) relied on French-
speaking undergraduate students from a Belgian university. Students
are typically homogeneous and W.E.I.R.D. samples (Henrich et al.,
2010). All reported experiments were conducted in accordance with
ethical criteria of the American Psychological Association and have been
approved by our local ethic committee (2018-20). For each experiment,
we report how we determined our sample size, all data exclusions (if
any), all manipulations, and all measures.

2. Preliminary experiment: initial evidence for the framing-
dependency of AAT effects

The aim of this Preliminary Experiment was to gather initial evi-
dence on whether instruction-induced framing moderates AAT effects
(for more information on the material or data analyses, see OSF project:
https://osf.io/q5f9r/?view_only=073b222de7a54b008093f1682cd6
511b). We asked a first sample of participants to repeatedly approach
(vs. avoid) neutral faces belonging to novel groups. We additionally
manipulated the goal associated with approach actions. Specifically, the
instructions informed participants that approach serves affiliation
(affiliative condition) or that it serves aggression (aggressive condition).
In the affiliative condition, we expected the visual representations (also
known as classification images) of the approached stimuli to be rated –
by independent judges – as more positive than the avoided ones (i.e., the
systematic AAT finding). This difference should decrease or even reverse
in the aggressive condition, yielding a significant interaction between

movement and action framing. To probe for differences in visual rep-
resentations, we relied on different (i.e., more or less conservative)
strategies divided into two separate parts and involving separate sam-
ples (Part 2A with condition-level visual representations and Part 2B
with subgroup-level visual representations).

2.1. Power analysis and sample size

As for Experiments 1 and 2, our Preliminary Experiment required
two power analyses: One for the participants of the Part 1 (the “face
producers” performing the AAT) and one for the participants of Parts 2A
and 2B (the “judges”). Of note, chances to detect an effect depends on
both parts. The higher the number of face producers in the first sample,
the better the quality of the classification images (i.e., the signal/noise
ratio) and thus their decipherability by the judges. At the same time, the
higher the number of judges, the higher the statistical power to detect
any differences between the classification images (see Cone et al., 2021).

Sample size was determined a priori via G*Power (Version 3.1.9.6;
Faul et al., 2007; screenshots are available on the OSF repository). We
based our face producers’ sample size on Rougier et al. (2021, Exp. 1; N
= 93 per condition) and opted for N = 150 participants because of
budget constraints (i.e., N = 75 per condition). Regarding the judges in
Part 2A (i.e., evaluating visual representations at the level of the con-
dition), we relied on the effect sizes of the AAT effect on visual repre-
sentations obtained from the most similar experiment (i.e., Rougier
et al., 2021, Exp. 1; dz = 1.27), as well as on the smallest framing-
instruction moderation effect obtained in Krieglmeyer and Deutsch
(2013; ηp

2 = .09, i.e., approximately dz = .63). With N = 100 judges, we
had a power of 99.99 % to detect both a main AAT effect and an AAT by
framing interaction (5 % false-positive rate in a two-tailed t-test with
paired samples). This sample afforded 80 % power to detect an effect
size of dz = 0.33 with a 5 % false-positive rate in a two-tailed t-test with
paired samples. Regarding the judges in Part 2B (i.e., evaluating visual
representations at the level of subgroups), we relied on the effect size of
the framing moderation obtained in Part 1 (N = 101; dz = 1.61). As each
participant rated a subset of subgroup-level classification images (i.e.,
40 over 256), we increased the total sample of participants to achieve a
reasonable number of ratings per image. A sample of 150 participants
afforded 99.99 % power to detect an effect of dz = 1.61 (5 % false-
positive rate in a two-tailed t-test with paired samples).

2.2. Method

2.2.1. Part 1: creation of classification images resulting from approach vs.
avoidance actions
Participants and Design. One hundred and forty-eight Prolific Ac-

ademic users (Mage = 37.27 years, SDage = 12.36; 74 males and 74
women; https://prolific.ac/) took part in exchange for a monetary
compensation (£5.00/h). We recruited only American English speakers
equipped with a computer and with an approval rate of 95 % or more (i.
e., to improve data quality, Peer et al., 2014). Regarding exclusion
criteria, we removed one participant with more than 40 % errors in the
VAAST and nine other participants with exceptionally short response
times (i.e., ≥ 30 % responses faster than 150 ms, the median value) in
the reverse correlation (RC) task, leaving us with a sample of 138 par-
ticipants (Mage = 37.88 years, SDage = 12.51; 66 men and 72 women;
similar to Rougier et al., 2021). This experiment had a 2 (movement:
approach vs. avoidance) x 2 (framing: affiliative vs. aggressive
approach) x 2 (background color: blue vs. yellow) x 2 (base-face group:
Group 1 vs. Group 2) mixed design with movement varying within
participants and the other factors between them. The last two factors
served as controls for the analyses.
Procedure. We built the experiment with Psytoolkit (www.psytoo

lkit.org, Stoet, 2010, 2017) and administered it online. At the outset
of the experiment, participants were told that the study aimed to
investigate how people categorize others. They provided their consent
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before starting the experiment.
Step 1. Approach/Avoidance Training. At this stage, we randomly

assigned participants to the affiliative approach or to the aggressive
approach condition. Following Krieglmeyer and Deutsch (2013), we
manipulated the framing associated with approach actions by means of
instructions. Half of participants read that “approach means affiliation:
It represents situations in which we approach for a positive verbal or
physical interaction with the person in front of us” (affiliative approach
condition). The other half read that “approach means to aggress: It
represents situations in which we approach to verbally or physically
aggress/attack the person in front of us” (aggressive approach condi-
tion). Because our focus was on manipulating the framing underlying
approach (see Krieglmeyer & Deutsch, 2013), we did not manipulate
distinct avoidance framings. Specifically, participants systematically
read that “avoidance means to run away: It represents situations in
which we run away/avoid the person in front of us”. After receiving the
instructions, participants performed the AAT.

We adapted the VAAST procedure to use it as an AAT, as in Rougier
et al. (2021), see also Aubé et al., 2019). This task emulates the visual
aspects associated with movements of the self in a virtual environment
(i.e., a regular virtual street view giving a depth impression, see Fig. 1).
Depending on the background color (blue vs. yellow) of the face
appearing in the environment, participants had to perform approach or
avoidance actions. Half of the participants had to approach blue-
background faces and to avoid yellow background faces whereas the
other half had the reverse instructions.

At the beginning of each trial, a white circle appeared at the center of
the screen, informing participants that they could start the trial. As soon
as participants pressed the start button (the H key on an AZERTY-
keyboard), a fixation cross replaced the circle (for a random duration
between 800 and 2000 ms), followed by a face (see Fig. 1). At the onset
of the face, participants had to categorize it as a function of the back-
ground color as quickly and as accurately as possible by pressing the Y
key (approach) or the N key (avoidance) of their keyboard. Depending
on participants’ approach vs. avoidance action, the visual environment
changed (i.e., the background image and the target face). Specifically,
the face was zoomed in vs. out (by approximately 13 %) and the visual
background was replaced by a close-up vs. distant shot of its initial
image. These visual manipulations gave participants the visual impres-
sion that they were moving toward or away from the face in the street
environment. In case of an inaccurate response, a red cross (“X”)
appeared on the screen during 500 ms before the next trial.

In total, participants performed 192 trials over 16 faces (eight faces
of Group 1 and 8 faces of Group 2) presented 12 times in a random order.
Half of the faces (of Group 1 vs. Group 2 according to the condition)
were approached and half of them were avoided. All faces were white
male faces from the CaNAFF face database (Courset et al., 2018) used in
Rougier et al. (2021). The two groups of faces did not differ significantly
in terms of emotional neutrality, t(14) = 1.26, p = .23, d = 0.63, 95 % CI
[-0.47; 1.73], approach/avoidance tendencies, t(14) = 0.46, p = .65, d
= 0.23, 95 % CI [-0.85; 1.30], and attractiveness, t(14) = 0.001, p = .99,
d = 0.29, 95 % CI [-1.07; 1.07]. To further minimize the idiosyncratic
features of the faces, we slightly blurred the faces (Gaussian blur of 3.5
radius). We randomly exposed participants to a framing (affiliative vs.
aggressive), a background color (blue vs. yellow) associated with the
group (Group 1 vs. Group 2), and an instruction relative to the color (i.e.,
approach blue-background faces vs. avoid blue-background faces).
Step 2. Reverse Correlation. After the AAT, participants underwent

a reverse correlation procedure adapted from Dotsch et al. (2008), see
also Dotsch & Todorov, 2012; Dotsch et al., 2013), as in Rougier et al.
(2021, Exp. 1). Before the task, participants were told that each group of
faces presented previously (i.e., with a yellow vs. blue background) were
physically very different from the other group and that, within each
group, the faces also shared a series of physical characteristics, making
them similar to each other. The alleged goal of the task was therefore to
identify faces from the yellow- and blue-background groups. In one

block, the face selection was about the yellow-background group and, in
the other block, about the blue-background group. The block order was
randomized. For each trial, two noisy faces appeared side-by-side on the
screen and participants had the following instruction: “select the face
that you think is the most similar to the blue [yellow-] - background
group of faces […] (i.e., the faces that you ran away from/avoided
[affiliated with/approached; aggressed/attacked])”. Participants
selected the face by using the S and the L keys.

Each block comprised 200 trials and, accordingly, we generated a
total of 200 pairs of noisy faces (100 original and 100 negative) using the
R package rcicr version 0.3.4.1 (Dotsch, 2015) with the default settings.
Noisy faces (512 × 512 grayscale pixels) consisted in a base image with
superimposed random noise. We used two separate base images that
were the average faces (i.e., the morph) of the two groups presented in
the VAAST: One base image (Base Image 1) was the average face from
Group 1 and the other base image (Base Image 2) was the average face
from Group 2 (see Fig. 2). We then added a grey background to each base
image, converted them to a grayscale and slightly blurred them (radius 5
pixels and Laplacian standard deviation of 5 pixels). Within a block, the
base image always corresponded to the target group (e.g., when par-
ticipants had to select the blue-background face, the base image was a
morph of the blue-background faces seen in the VAAST).

Regarding the noise applied on the base image, we generated a
different noise pattern for each trial, the set of noise patterns being the
same for the two blocks and for all participants. For each pair, one
stimulus consisted in the base image along with the original random
noise, and the other was the base image with the negative (opposite)
pattern of noise (see Fig. 2). We always presented the two images as
pairs and the image with the original noise appeared randomly either on
the right or the left side of the screen. We showed the pairs in a random
order within each block. At the end of the experiment, participants
answered demographic questions (age and gender) and were debriefed.

2.2.2. Part 2A: classification images ratings (condition-level) by
independent judges

In Part 2A of the experiment, we tested whether the condition-level
classification images obtained in Part 1 elicited different judgments. Our
main hypothesis was a framing moderation on the AAT effect. Accord-
ingly, in the affiliative condition, we expected the approach classifica-
tion image to be evaluated more positively than the avoided one. We
predicted that this difference would decrease or reverse in the aggressive
condition.
Construction of the Classification Images. We constructed the

classification images as a function of movement (i.e., approach vs.
avoidance) and condition (affiliative vs. aggressive approach) for each
base image (Base Image 1 vs. 2).4 Specifically, we averaged all the
selected noises for all the participants within each condition and we then
superimposed this average noise to the corresponding base image,
resulting in 8 condition-level classification images (see Fig. 3; scaling
method = autoscale). To test whether background color (blue vs. yel-
low) and block order (first vs. second) affected our results, we also
created classification images for each of these conditions (in addition to
the main conditions of interest), resulting in 32 classification images.
Participants. One hundred Prolific Academic users (Mage = 34.03

years, SDage = 12.16; 46 men, 52 women, and 2 responding ‘other’ – i.e.,
self-categorizing as neither a man nor a woman) took part in exchange
for a monetary compensation (£5.00/h; same pre-screening criteria as in
Part 1).
Procedure. We programmed the online study via Qualtrics. Before

signing the informed consent, participants learned that the study was
about face perception and that their task would be to evaluate 40 faces
on a series of traits (i.e., the 8 condition-level classification images and
the 32 classification images testing for the control variables). We used

4 Data from different base images cannot be averaged together.
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the traits aggressiveness, trustworthiness, and criminality used in Rougier
et al. (2021), that is, traits typically related to the “approachability/
avoidability” of a person (Krieglmeyer & Deutsch, 2013; Slepian et al.,
2012; Wentura et al., 2000).

We presented the faces one by one in a random order and the
aggressive, trustworthy, and criminal scales (on a continuous scale from
0 = not at all to 100= very much) adjacent to each other in that order. We

encouraged participants to answer as honestly and as spontaneously as
possible. Finally, participants completed the same demographics as in
Part 1.

2.3. Results

Because judges were the unit of analysis and rated all the classifi-

Fig. 1. Time Course of a Trial in the VAAST (from Rougier et al., 2021).
Note. The street image and the background area of the face were originally colored (in this example, the target face is presented with a yellow background). After
pressing the H key (start) and upon appearance of the target face, the participant had to press the Y (approach) or the N key (avoidance) as a function of the face’s
background color.

Fig. 2. Base Images and Associated Examples of Stimuli for a Given Noise in the Reverse Correlation Task.
Note. Left panel depicts the Base Image (1 on the top left and 2 bottom left). The two right panels depict pairs of images with opposite patterns of noise (from Rougier
et al., 2021).
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cation images, we treated the movement and framing variables as
within-judge factors in our analyses. We report both frequentist and
Bayesian analyses. Indeed, Bayesian analyses allow to gauge the amount
of evidence in favor of a movement by framing interaction (H1) versus a
systematic AAT effect (i.e., the absence of a movement by framing
interaction; H0) predicted by the motivational-systems and the self-
anchoring accounts. We report the BF10 (evidence in favor of H1)
when the frequentist analysis reached significance (i.e., p < .05), and the
BF01 (evidence in favor of H0) when it did not. We carried out the an-
alyses with the JZS default Bayes factor (ttestBF function) of the Bayes-
Factor R package (version 0.9.12-4.2.; Morey & Rouder, 2015).
Accordingly, the model used a “default” Cauchy prior distribution with
the r scale

̅̅̅
2

√
/2 (Rouder et al., 2009). The interpretations of the BF are

based on Lee and Wagenmakers’s (2013) classification.
Overall, aggressiveness and criminality scores were highly corre-

lated, r = .74, 95 % CI [.70; .77], t(798) = 31.16, p < .001, while
trustworthiness was correlated more modestly with aggressiveness, r =
-.55, 95 % CI [-.60; -.50], t(798) = 18.65, p < .001, and criminality, r =
-.59, 95 % CI [-.63; -.55], t(798) = 20.98, p < .001. In line with Rougier
et al. (2021), we computed a “positivity score” (α = .84), indicating the
extent to which the judges perceived a face as being, on average, more
trustworthy, less aggressive, and less criminal. Given that none of the
control factors influenced the movement by framing interaction (t(98)
= 0.81, p = .42, dz = 0.08, 95 % CI [-0.32; 0.48],5 BF01 = 6.53, for the
background color, t(99)= 1.17, p= .24, dz= 0.12, 95 % CI [-0.28; 0.51],
BF01 = 4.67, for the block order), we excluded them from the analyses.

Our main analysis revealed the predicted movement (approach vs.
avoidance) by framing (affiliative vs. aggressive) interaction, t(99) =

16.15, p < .001, dz = 1.61, 95 % CI [1.16; 2.07], BF10 > 100, (see Fig. 4,
left panel). This interaction indicates that the AAT effect observed in the
affiliative approach condition (MApp = 70.24, SE = 1.33; MAv = 40.36,
SE = 1.34) reversed in the aggressive approach condition (MApp = 46.09,
SE = 1.31; MAv = 57.52, SE = 1.24). Analysis of the simple effects
showed that the movement effect was significant in the affiliative
approach condition, t(99) = 15.46, p < .001, dz = 1.55, 95 % CI [1.09;
2.00], BF10 > 100, as well as in the aggressive approach condition, t(99)
= 10.03, p < .001, dz = 1.00, 95 % CI [0.58; 1.42], BF10 > 100.

Moreover, the classification images associated with affiliative (M =

70.24, SE = 1.33) and aggressive approach (M = 46.09, SE = 1.31)
differed from each other, t(99) = 15.31, p < .001, dz = 1.53, 95 % CI
[1.08; 1.98], BF10 > 100. This was also the case for avoidance classifi-
cation images in the affiliative (M = 40.36, SE = 1.34) and aggressive
approach conditions (M = 57.52, SE = 1.24), t(99) = 12.13, p < .001, dz
= 1.21, 95 % CI [0.78; 1.64], BF10 > 100.

2.3.1. Part 2B: classification images ratings (subgroup-level) by
independent judges

In Part 2A, we observed the expected framing moderation when
relying on condition-level classification images. However, the conclu-
sions we can draw from these results remain limited. Indeed, recent
work suggests that relying on condition-level classification images is
problematic because condition-level images ignore the variability be-
tween face producers of a given condition (Cone et al., 2021). Ignoring
this source of variability may increase Type I error rate (i.e., claiming
that there is a significant difference between the classification images
when there is in fact none).

One solution that has been recommended (Cone et al., 2021) and
successfully implemented in the past (Rougier et al., 2021) is to rely on
subgroup-level classification images, that is, images composed of
randomly selected individual responses within a condition (e.g., for
approach in the affiliative condition when using base image 1).
Subgroup-level classification images would retain a substantial portion
of individual-level variability (i.e., variability stemming from face pro-
ducers) while allowing for a good signal-to-noise ratio, that is, ensuring
a good “readability” of the classification images by the judges. One word
of caution though, although subgroup-level classification images is in
principle less prone to type I errors than condition-level images, further
work still needs to address the extent to which the false positivity rate is
reduced. In Part 2B, we adopted this strategy and tested whether the
observed framing moderation replicates when relying on subgroup-level
classification images.6 Part 2B was preregistered, which included a
priori theoretical reasoning, hypotheses, power estimation, procedure,
and statistical analyses.
Construction of the Classification Images. We built each

subgroup-level classification image using five individual-level data

Fig. 3. Condition-Level Classification Images as a Function of the Condition (Affiliative vs. Aggressive Approach), the Movement (Approach vs. Avoidance), and the
Base Image (Base Image 1 vs. 2).

5 For this analysis, we removed one outlier with a score above 4 on stu-
dentized deleted residuals (McClelland, 2014). 6 We thank an anonymous reviewer for the suggestion.
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within the same experimental condition from the 2 (framing of
approach: affiliative, aggressive) x 2 (movement: approach, avoidance)
x 2 (base image: Base Image 1, Base Image 2). For each crossing of the
three variables (8 conditions), we had a minimum of 32 face creators.
Therefore, we randomly selected the data of 5 face creators (among the
32) for each crossing. As face creators went through two blocks in the
reverse correlation task to select faces (one block for the approached
group of faces and one block for the avoided group of faces), data of the
5 same participants were selected to compute the subgroup classification
images of approach vs. avoidance within a condition.7 We then averaged
the classification images of these five participants to generate a sub-
group classification image for approach and for avoidance (as we did
previously for the condition-level classification images). This procedure
was repeated until we generated 256 subgroup-level classification im-
ages, with half in the affiliative approach condition and half in the
aggressive approach condition and within each, half of classification
images were of approach and half of avoidance.8

Participants. One hundred and fifty Prolific Academic users (Mage =

39.22 years, SDage = 12.94; 84 men, 63 women, and 3 responding
‘other’) took part in exchange for a monetary compensation (£7.00/h).
Pre-screening criteria were the same as before except that the approval
rate was set at 98 %.
Procedure.We programmed the online study on JsPsych (de Leeuw,

2015). The procedure was the same as in Part 2A except that each
participant evaluated 40 subgroup-level classification images, with 5
images for each combination of framing, movement, and base image

(random selection).

2.4. Results

Again, we considered judges as the unit of analysis and treated
movement and framing variables as within-judge factors in our analyses.
Based on our preregistered exclusion criterion, we excluded six partic-
ipants showing less than 5 % of variance in their responses. Aggres-
siveness and criminality scores were highly correlated, r = .71, 95 % CI
[.69; .72], t(5758) = 75.83, p < .001, while trustworthiness was corre-
lated more modestly with aggressiveness, r = -.51, 95 % CI [-.53; -.49], t
(5758) = 44.65, p < .001, and criminality, r = -.50, 95 % CI [-.52; -.48], t
(5758) = 43.58, p < .001. As before, we computed a “positivity score” (α
= .80).

The expected interaction between movement (approach vs. avoid-
ance) and framing (affiliative vs. aggressive) emerged, t(142) = 9.57, p
< .001, dz = 0.80, 95 % CI [0.61; 0.99], BF10 > 100 (see Fig. 4, right
panel). This interaction indicates that the AAT effect was larger in the
affiliative condition (MApp = 58.01, SE = 0.85; MAv = 48.83, SE = 0.78)
than in the aggressive one (MApp = 51.92, SE = 0.74; MAv = 52.39, SE =

0.80). Whereas the simple effect of movement in the affiliative condition
was significant, t(142) = 11.91, p < .001, dz = 1.00, 95 % CI [0.80;
1.20], BF10 > 100, it did not emerge in the aggressive condition, t(143)
= 0.73, p = .46, dz = 0.06, 95 % CI [-0.10; 0.23], BF01 = 8.29. Crucially,
the simple effect of framing was significant in the approach condition, t
(143) = 9.21, p < .001, dz = 0.77, 95 % CI [0.58; 0.96], BF10 > 100. We
also observed this effect in the avoidance condition, t(142) = 6.09, p <

.001, dz = 0.51, 95 % CI [0.34; 0.69], BF10 > 100.

2.5. Discussion

Consistent with our hypothesis, the framing of approach moderated
the AAT effect. This effect emerged for both condition-level and
subgroup-level classification images. Moreover, Bayes factors indicated
extreme evidence in favor of H1 (framing-dependency of AAT effect).
When we framed approach as affiliative, it led to a more positive visual

Fig. 4. Boxplot Representing the Positivity Score as a Function of Movement (Approach vs. Avoidance) and Condition (Affiliative Framing vs. Aggressive Framing)
for condition-level classification images (left panel) and subgroup-level classification images (right panel).
Note. The positivity score represents the average score of trustworthiness, aggressiveness (reversed), and criminality (reversed). Lines inside the boxes represent the
median values and white diamonds represent the mean values. The lower edges of the boxes represent the lower quartiles and the upper edges the upper quartile.

7 This means that the approach and avoidance subgroup-level classification
images within a condition (e.g., affiliative approach) came from the same
sample of 5 participants. Of note, for a given subgroup image, when the Base
Image 1 for approach (avoidance), it was the Base Image 2 for avoidance
(approach).

8 Within each condition, there was 32 images of approach with Base Image 1,
32 of approach with Base Image 2, 32 of avoidance with Base Image 1, and 32
of avoidance with Base Image 2.
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representation than avoidance, replicating the standard AAT effect
(Rougier et al., 2021, Exp. 1). In contrast, when we framed approach as
aggressive, the observed effect tended to reverse in that the difference
between approach and avoidance images only reached significance for
condition-level classification images. Crucially, the aggressive approach
led to a more negative facial representation of the approached group
than the affiliative approach. Overall, this pattern corroborates our
reasoning that the action framing moderates the outcome of AAT.

3. Registered Experiment 1

Our Preliminary Experiment constitutes initial suggestive evidence
for the framing-dependency of AAT effects. To find convergent evidence,
however, we aim to replicate these findings while addressing several
limitations. First, although we did not manipulate the framing associ-
ated with avoidance, the classification image of the avoided group was
more negative in the affiliative than in the aggressive approach condi-
tion. This implies that the effect of approach/avoidance behaviors on
visual representations depends on the meaning conveyed by the other
movement. To control for such source of variation, we induced only one
movement per condition along with the same control action and
compared them: affiliative approach, aggressive approach, and
(generic) avoidance.

Second, as predicted by a grounded cognition perspective, aggressive
approach and (generic) avoidance should both lead to negative visual
representations but should manifest on different facial features. This
should be the case because their respective multimodal representations
include different visual characteristics of the distinct eliciting stimuli
that triggered these actions. Ultimately, the biases on the visual repre-
sentations should reflect different judgments on personality traits (e.g.,
lower trustworthiness ratings).9 However, we only assessed the AAT
effect on the visual representations by using sets of positive/negative
traits. This did not allow us to test for differences between the visual
representations resulting from aggressive approach and avoidance
beyond a mere evaluative bias.

To test the specificity of both actions on facial features, we need to
use traits that clearly relate to aggressive approach vs. avoidance (see
Rougier et al., 2021, for a similar reasoning). To objectively assess which
traits are usually most likely to trigger aggressive approach vs. avoid-
ance, we conducted a pilot study where we asked participants to indicate
whether a series of traits would likely lead to aggressive approach vs. to
avoidance reactions (see Supplementary Materials for more informa-
tion). We expected the visual representations of aggressive approach
and avoidance to be different on these two categories of traits.

3.1. Power analysis and sample size

As data analyses are only performed on the judges’ ratings, the mere
information available for the face producers was the sample size per
condition from previous similar experiments (i.e., N = 71 per condition
in our Preliminary Experiment and N = 93 per condition in Rougier
et al., 2021, Exp. 1). Relying on the largest sample size as a backup
strategy, we aimed at recruiting a sample of N = 300 face producers (i.e.,
slightly above N = 279 = 93 × 3 conditions) to safeguard from partic-
ipant exclusion. Regarding our sample of judges, we relied on the effect
size of the framing moderation obtained for the subgroup-level classi-
fication images (Part 2B; dz = 0.80) in our Preliminary Experiment. A

similar sample as the one we used in the Preliminary Experiment (Part
2B; N = 150) would provide us with a power of 99.99 % to perform
frequentist analyses (5 % false-positive rate in a two-tailed t-test with
paired samples). Considering that we might end up with a smaller effect
(because of procedural differences between current and past experi-
ments such as the between-participants manipulation of approach and
avoidance), we also report power analyses relying on the average effect
size in social psychology, dz = 0.42 (Richard et al., 2003). A sample of N
= 150 afforded 99.97 % power to detect this effect (5 % false-positive
rate in a two-tailed t-test with paired samples).

As in the Preliminary Experiment, we aimed at performing Bayesian
analyses to better gauge the evidence in favor of our hypotheses (i.e., the
framing-dependency of the AAT effect and the qualitative differences
between aggressively approached and avoided groups; H1; BF10) or the
alternative effects (H0; BF01). To maximize our chances to reach strong
evidence, we relied on a “sequential Bayes factor with maximal n”
procedure (Schönbrodt &Wagenmakers, 2018). This procedure consists
in keeping collecting data until one reaches substantial evidence in favor
of H1 or H0 and/or until one achieves the maximal sample defined be-
forehand. We set the evidential thresholds as BF10 = 30 and BF01 = 1/
6,10 nmin = 150, nmax = 230. It means that, after having collected nmin =

150 – enough data for the frequentist analyses – we computed BF10 and
BF01 after every 20 participants and stopped data collection when one of
the three criteria was reached (i.e., BF10 = 30, BF01 = 1/6, nmax = 230).

To estimate the viability of our parameters, we performed simula-
tions using the R package BFDA (Schönbrodt, 2016). For an expected
effect size of dz = 0.80 under H1 (lower bound of the expected effect),
100 % of all simulated studies hit the correct H1 threshold (i.e., the true
positive rate) and 0 % hit the wrong H0 threshold (i.e, the false negative
rate). We observed similar parameters when considering a much smaller
effect size, such as dz = 0.42 (i.e., average effect size in social psy-
chology; Richard et al., 2003) – 99.8 % of all simulated studies hit the
correct H1 threshold and 0 % hit the wrong H0 threshold. Under H0 (dz =
0), 87.4 % of all studies hit the correct H0 threshold and 1.2 % hit the
wrong H1 threshold (i.e., the false positive rate). The remaining 12.6 %
of studies stopped at nmax and remained inconclusive with respect to the
a priori set thresholds.

3.2. Method

3.2.1. Part 1: creation of classification images
Participants and Design. Three hundred and one Prolific Academic

users took part in this experiment (Mage = 41.16 years, SDage = 12.23;
186 men, 108 women, and 7 responding ‘other’) in exchange for a
monetary compensation (£ 7.00/h). Inclusion and exclusion criteria
were similar to our Preliminary Experiment except that we set a more
conservative threshold regarding the error rate in the VAAST (i.e.,
participants with an error rate of 30 % or more, N= 14) and the response
time in the RC (i.e., participants with 30 % or more responses faster than
200 ms, N = 24; see Rougier et al., 2021). Additionally, we planned to
exclude participants having close to zero variance (i.e., less than 5 %
variation) in their responses in the reverse correlation task (i.e., par-
ticipants almost always providing the same answer; see also Rougier
et al., 2021) but there was none. This left us with a final sample of 263
participants. Finally, for each ANOVA, we excluded outliers having a
score of at least 4 on studentized deleted residuals or a gap in terms of
their Cook’s d or leverage values (exclusions are documented in the
analytic R scripts; Judd et al., 2011).

The experiment relied on a 3 (target action: affiliative approach vs.
aggressive approach vs. avoidance) x 2 (background color: blue vs.
yellow) x 2 (face-based group: Group 1 vs. Group 2) between partici-
pants design. The last two factors served as control in the analyses. For

9 Although the mapping between facial features and personality traits is not
‘one to one’, it is well documented that individuals spontaneously infer per-
sonality traits based on people’s faces and that these judgments are very quick
and consensual (e.g., Willis & Todorov, 2006; Zebrowitz et al., 2003). For
instance, specific sets of facial features (e.g., jaws thickness, femininity, baby-
facedness) drive trustworthiness or dominance judgments in a consistent
manner (Oosterhof & Todorov, 2008).

10 Note that we used asymmetric boundaries to avoid false positive evidence
(i.e., concluding to H1 although H0 is true).

M. Rougier et al. Journal of Experimental Social Psychology 117 (2025) 104697 

9 



the reverse correlation task, participants performed 250 trials but this
time only in one block.
Procedure. We programed the experiment on jsPsych and admin-

istered it online (via the Prolific Academic platform).
Step 1. Approach/Avoidance Training. The AAT procedure was

the same as in the Preliminary Experiment, except for the following
series of changes. First, we manipulated the target action variable (i.e.,
affiliative approach, aggressive approach, or avoidance) between par-
ticipants and contrasted it to a control action (a condition without dis-
tance variation). Half of all participants received the instruction to
perform the target action (i.e., affiliative approach vs. aggressive
approach vs. avoidance) toward blue-background faces and to perform
the control action toward yellow-background faces; the other half
received the reverse instructions. For the control action, participants
had to press the start key to categorize the corresponding group of faces.
When doing so, the visual environment remained static (i.e., no
approach and avoidance visual feedback) and the face disappeared after
a 650 ms delay following the key press.11 Therefore, the control action
involved the same time course as in approach or avoidance responses,
the only difference being that no visual feedback of approach or
avoidance was provided. Second, participants used the D (start), E
(approach) and C (avoidance) keys of their keyboard.12

Step 2. Reverse Correlation.We used the same procedure as in the
Preliminary Experiment except that: 1) there was no recall of which
color group was associated with affiliative approach, aggressive
approach, or avoidance to render our expectations (i.e., influence of the
target action on the classification images) less salient and 2) we used a
single base image (being the morphed face of all stimuli presented in the
AAT) for practical reasons.13 Participants thus either had to select the
blue- or the yellow-background typical face – always corresponding to
the target action (i.e., “Select the face that you think is the most similar
to the group of faces that had a yellow [blue] background”). They did
not have to select the typical face corresponding to the control action.

3.2.2. Part 2: classification images ratings by independent judges
To investigate whether the classification image of affiliative

approach elicits more favorable evaluations than the classification
image of aggressive approach, we used the same traits as in our Pre-
liminary Experiment (i.e., trustworthiness, aggressiveness, and crimi-
nality). We also investigated whether the classification image of
avoidance differed from the classification image of aggressive approach.
We hypothesized that the former should show more bias on traits related
to avoidance behaviors (i.e., “avoidance relevant” traits), whereas the
latter should show more bias on traits related to aggressive approach (i.
e., “aggressive approach relevant” traits).
Pilot Study. To obtain these two categories of traits, we conducted a

Pilot Study (N = 52) in which participants rated to what extent they
would react by avoiding vs. approaching aggressively a person holding a
given target trait (see Supplementary Material for more information on
the procedure and results). Participants also evaluated traits on their
valence (how positive/negative is a trait) and “face relevance” (how
easy it is to deduce a trait based on someone’s face). The selected traits
differed significantly with respect to avoidance (opportunistic, rough,
dominant, racist) and aggressive approach (stingy, depressive,

mediocre, weak), t(6) = 3.47, p= .01, dz= 2.44, 95 % CI [0.15; 4.72]. At
the same time, they did not differ significantly on valence, t(6) = 0.26, p
= .80, dz = 0.18, 95 % CI [-1.56; 1.92], and face relevance, t(6) = 0.28,
p = .79, dz = 0.20, 95 % CI [-1.53; 1.93]. Interestingly, the obtained
selection for traits relating to avoidance vs. aggressive approach is
consistent with the idea that traits depicting general weakness provide
the opportunity to aggress (i.e., because chances for a successful
aggression are higher; see Muller et al., 2012). In contrast, traits that
seem to trigger avoidance reactions rather denote a lack of opportunity –
so that the target individuals should be avoided because of low chances
of success to overcome the threat (e.g., Sell et al., 2014, 2008). Any
difference with respect to these specific categories of traits would inform
us on the selectivity of the effect that depends on the type of action
beyond its mere negative valence. In line with a grounded cognition
framework, this would suggest that different actions of the same valence
influence traits of distinct categories.
Construction of the Classification Images. To visualize the facial

representations associated with affiliative approach, aggressive
approach, and avoidance, we averaged all the selected noises for all
participants and each target action, and we then superimposed this
average noise to the corresponding base image (constant scaling =

.004).14 This resulted in three condition-level classification images (see
Fig. 5). Testing for the potential effect of control variables (here, back-
ground color and face-based group) requires computing classification
images at each intersection of the control variables and the target action.
We adopted this strategy in our Preliminary Experiment by relying on
condition-level classification images (see also Rougier et al., 2021). In
this and the following experiment, we relied on subgroup images
instead, as it does not require generating additional images. Specifically,
for each subgroup image, we randomly selected the data of five in-
dividuals from the same condition of target action and from the same
condition of our control variables of background color and face-based
group (constant scaling = .012). In total, we computed 300 subgroup-
level classification images (random selection with replacement) with
100 images for each condition of target action, hence 25 for each
combination of the control variables.
Cluster Test on Condition-Level Classification Images from

Affiliative vs. Aggressive Approach Conditions. For Registered Ex-
periments 1 and 2 we supplemented the evaluation of condition-level
classification images by more formal, objective analyses (which were
not registered).15 Specifically, we performed cluster analyses that help
identifying facial regions of interest on classification images that
correlate with participants’ response in the reverse correlation task
(Chauvin et al., 2005).

Cluster analyses are based on the random field theory and enable to
determine whether clusters of pixels exceed a (significance) threshold in
a smooth Gaussian random field. We followed the procedure of Chauvin
et al. (2005) using the ‘stat4CI’ toolbox on Matlab and adopted the same

11 We initially registered a time of 300 ms but then realized that this duration
was set at 650 ms in previous studies using the VAAST procedure (e.g., Rougier
et al., 2018, Rougier et al., 2021). We thus decided to keep the 650 ms duration,
as in this previous work, after receiving formal approval for this deviation from
the Action Editor before data collection.
12 We decided to change the response key to avoid any confound between

approach/avoidance and “yes”/“no” answers (with Y = “yes” and N = “no”).
13 Using a single base image instead of two reduces the number of obtained

classification images to one per target action – therefore, for the same number
of face producers, classification images are of better quality.

14 In this experiment and in Registered Experiment 2, we used a constant
instead of the registered automatic scaling to compute the classification images.
The constant refers to the pixel intensity of the noise when added to the base
image: the lower the constant value, the higher the noise (but the less readable
the face). When this parameter is left automatic, the resulting faces may appear
very noisy. In our case, after having computed the classification images with
automatic scaling, the faces looked very noisy and we suspected they would be
hard to read for the judges. In line with Dotsch’s (2015) recommendation, our
strategy was thus to find the lowest constant that worked for all classification
images within a certain level (i.e., condition- or subgroup-level).
15 We thank the editor for this useful recommendation.
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parameter values as in previous reverse correlation work (Dotsch &
Todorov, 2012).16 Green clusters indicate a positive correlation with
face selection (i.e., significantly lighter pixels) whereas red clusters
indicate negative correlation (i.e., significantly darker pixels).

As can be seen in Fig. 6, some face areas are statistically associated
with participants’ face selection that differ between approach condi-
tions. Eye regions came across as statistically significant for both
Affiliative and Aggressive approach classification images. The eye re-
gion (the area of the left eye to the nose and the eyebrow area) was
significantly darker in the Affiliative approach condition (left image)
whereas the eye area (inner area of the left eye) was lighter in the
Aggressive approach condition (right image). This could indicate a
greater sclera-pupil contrast in the Aggressive approach condition.
Lighter areas on the lips also emerged as significant in the Aggressive
approach condition, indicating more pursed-looking lips.
Participants. A total of 230 participants took part in the Part 2 of the

experiment (Mage = 38.59 years, SDage = 12.85; 105 men, 124 women,
and 1 responding ‘other’). As in Part 1, participants were recruited via
Prolific Academic (same inclusion criteria). We excluded three partici-
pants with less than 5 % variation in their responses.
Procedure.We programed the experiment on JsPsych. We informed

participants that the study was about face perception and that their task
would be to evaluate faces on several dimensions. We divided the rating
procedure into four blocks.

In a first block, participants evaluated the three condition-level
classification images on the main dimensions of interest, that is, trust-

worthiness, aggressiveness, and criminality, to test for the framing
moderation. The second block was identical except participants evalu-
ated a subset of 24 subgroup-level classification images. The subgroup
images were randomly selected from the pool of 300 subgroup images
with the provision that each participant evaluated two images for each
combination of movement, background color, and face-based group.

Blocks 3 and 4 followed the same structure (first, rating of the
condition-level and second, rating of the subgroup-level images) except
participants evaluated the classification images on traits relating to
avoidance (opportunistic, rough, dominant, racist) and to aggressive
approach (stingy, depressive, mediocre, weak).17 Subgroup-level clas-
sification images were identical between Block 2 and 4 for a given
participant. The comparison of interest focused on classification images
relating to aggressive approach and avoidance, but for exploratory
purposes we also asked participants to rate the visual representation of
affiliative approach.

Before the rating task within each block, we briefly displayed the
three condition-level classification images (in Blocks 1 and 3) or a
sample of subgroup-level classification images (in Blocks 2 and 4) for 2 s
each, to help participants better gauge the similarities and differences
between them. During the rating phase, we presented each face one by
one in a random order within each block. The rating scales (Likert scale
from 0 = not at all to 100 = very much with a 10-point gap between each
response option) relative to each trait/emotion were presented one after
the other on a vertical axis, always in the same order for a given
participant (but the presentation order was randomized between par-
ticipants).18 Participants were prompted to answer as honestly and as
spontaneously as possible. Finally, participants answered the same de-
mographics as in Part 1.

3.3. Results

As in the Preliminary Experiment, our analyses relied on judges’
ratings of condition- and subgroup-level classification images.
Testing the Framing Moderation. Overall, aggressiveness and

criminality scores were highly correlated, r = .82, 95 % CI [.81; .82], t
(6127) = 110.62, p < .001, while trustworthiness was correlated more
modestly with aggressiveness, r = -.49, 95 % CI [-.51; -.47], t(6127) =
44.12, p < .001, and criminality, r = -.49, 95 % CI [-.51; -.47], t(6127) =
43.97, p< .001. We computed a “positivity score” as the average score of
trustworthiness, aggressiveness (reversed), and criminality (reversed)

Fig. 5. Condition-Level Classification Images as a Function of the Target Action (Affiliative Approach vs. Aggressive Approach vs. Avoidance).

Fig. 6. Significant Clusters in Condition-Level Classification Images as a
Function of the Approach (Affiliative Approach vs. Aggressive Approach).

16 This entailed (a) smoothing the classification noise pattern with a Gaussian
filter (σ = 4 pixels), (b) selecting the face area with an oval-shaped mask (i.e., to
only focus on the relevant area of the classification image), and (c) Z-trans-
forming the classification image. Then, with two-tailed cluster tests, we iden-
tified which luminance variation in pixels positively (for light pixels) or
negatively (for dark pixels) predicted face selection (t > |2.3|, p < .05) for each
classification image.

17 We adopted a block design because, whereas Blocks 1 and 2 are about the
test of our main hypothesis (i.e., the framing moderation), the following blocks
assess more secondary predictions (i.e., comparison of the type of facial bias on
the visual representation resulting from aggressive approach vs. avoidance).
18 We had to use a Likert scale (from 0 = not at all to 100 = very much with a

10-point gap between response options) instead of the registered continuous
scale (from 0 to 100) because we found out that the implementation of a
continuous scale in a multiple rating procedure is not supported by the pro-
gramming software that we used (JsPsych).
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ratings for each condition and subgroup classification image (α = .82).
We treated the target action variable as a within-judge factor. For

each analysis, we indicate frequentist (t-tests) and Bayesian (BF10 or
BF01 as a function of the t-tests significance) statistical indices as in the
Preliminary Experiment (same priors and method). We performed all
tests separately for both condition-level and subgroup-level classifica-
tion images. When testing the effects for subgroup images, we also
controlled for the potential effect of control variables (background color
and face-based group).19 We used as set of orthogonal contrast codes to
test the framing-dependency of AAT effects.

The first contrast (C1 = 1/2 x affiliative approach - 1/2 x aggressive
approach +0 x avoidance) compared the evaluation of the affiliative
approach classification image(s) with the evaluation of the aggressive
approach classification image(s). In line with a framing-dependency
hypothesis, ratings of condition-level classification images signifi-
cantly differed from each other, t(225) = 3.20, p = .002, dz = 0.21, 95 %
CI [0.08; 0.35], BF10 = 10.56. The affiliative approach classification
image was evaluated more positively than the aggressive approach
classification image (Maffiliative = 61.01, SE = 1.21; Maggressive = 57.80, SE
= 1.17, see Fig. 7). This effect replicated for subgroup-level classifica-
tion images (Maffiliative = 57.89, SE = 0.44; Maggressive = 57.19, SE = 0.46),
t(225) = 2.05, p = .041, dz= 0.14, 95 % CI [0.01; 0.27], BF10 = 0.59 (see
Fig. 7).20

The second contrast (C2 = 1/3 x affiliative approach +1/3 x
aggressive approach - 2/3 x avoidance) tested whether the evaluations
of classification images in the affiliative and aggressive approach pooled
together differed from the evaluation of the classification image in
avoidance. Ratings of the condition-level classification images in affili-
ative and aggressive approach considered jointly (MApp = 59.40, SE =

1.09) were significantly higher than ratings of the classification image in
avoidance (MAv = 52.91, SE = 1.19), t(225) = 7.77, p < .001, dz = 0.52,
95 % CI [0.38; 0.66], BF10 > 100 (see Fig. 7). This effect replicated for
subgroup-level classification images (MApp = 57.54, SE = 0.81; MAv =

55.37, SE = 0.88), t(223) = 4.77, p < .001, dz = 0.32, 95 % CI [0.18;
0.45], BF10 > 100.21 In other words, judges rated the approach classi-
fication images more positively than the classification images in
avoidance (see Fig. 7).

Considering the observed pattern of results (see Fig. 7), we decided
to conduct an additional, non-registered, analysis comparing aggressive
approach and avoidance (contrast: 0 x affiliative approach +1/2 x
aggressive approach – 1/2 x avoidance). Ratings of the condition-level
classification image were significantly more positive for aggressive
approach than for avoidance, t(225) = 5.25, p < .001, dz = 0.35, 95 % CI

[0.21; 0.48], BF10 > 100. This effect replicated for subgroup-level
classification images, t(224) = 3.51, p < .001, dz = 0.23, 95 % CI
[0.10; 0.37], BF10 = 27.68.
Comparing Facial Features of Avoidance and Aggressive

Approach. Finally, we tested whether the visual representations of
avoidance and aggressive approach differed in terms of specific facial
features, for both condition-level and subgroup-level classification im-
ages. To do so, we computed a negativity avoidance score (average score
of opportunistic, rough, dominant, racist; α = .80) and a negativity
aggressive approach score (average score of stingy, depressive, medi-
ocre, weak, α = .78) for each classification image. Scores moderately
correlated, r = .62, 95 % CI [.61; .64], t(6127) = 62.47, p < .001, and
both the avoidance score, r = -.38, 95 % CI [-.40; -.36], t(6127) = 32.00,
p < .001, and the aggressive approach score, r = -.37, 95 % CI [-.39;
-.35], t(6127) = 31.20, p < .001, correlated negatively and moderately
with the positivity score. Given that we compared only two types of
visual representations, the movement was contrast-coded (aggressive
approach: − 0.5; avoidance: +0.5) as was the type of trait (aggressive
approach relevant: − 0.5; avoidance relevant: +0.5).

The interaction between the movement and the type of trait did not
emerge, both when considering condition-level classification images, t
(225) = 1.05, p = .29, dz = 0.07, 95 % CI [-0.06; 0.20], BF01 = 7.80, and
subgroup-level classification images, t(225) = 1.74, p = .084, dz = 0.12,
95 % CI [-0.02; 0.25], BF01 = 3.06. On average, classification images
received higher ratings on avoidance relevant traits than on aggressive
approach relevant traits at the condition-level, t(224) = 4.72, p < .001,
dz = 0.32, 95 % CI [0.18; 0.45], BF10 > 100, and subgroup-level, t(224)
= 3.58, p < .001, dz = 0.24, 95 % CI [0.11; 0.37], BF10 = 34.74 (see
Fig. 8). Results for the affiliative approach condition are reported as
Supplementary Material (see Table S1).

3.4. Discussion

In Registered Experiment 1, we observed that classification images in
the affiliative approach condition came across more positively than the
ones in the aggressive approach condition. However, it should be noted
that the Bayes factor indicated strong evidence (BF10 > 10) for
condition-level classification images, and only anecdotal evidence for
the subgroup-level images (BF10 < 3). Interestingly, classification im-
ages in the affiliative and aggressive approach considered jointly
received more positive ratings than classification images in the avoid-
ance condition. Taken together, these findings are consistent with the
framing-dependency of AAT effects by controlling for potential contrast
effects between target actions.

A differential effect of classification images of aggressive approach
and avoidance on traits pertaining to aggressive approach vs. avoidance
– that is, a trait-specificity effect – did not emerge. We will return to this
finding in the General Discussion.

4. Registered Experiment 2

The goal of Experiment 2 was to provide a test of the unique role of
experiencing the approach/avoidance training to contrast a grounded
cognition account with the inferential account as well as to rule out
explanations in terms of demand effects of the Preliminary Experiment
and Registered Experiment 1.

Specifically, we compared a VAAST condition, in which participants
performed the approach/avoidance training, to a mere instructions
condition, in which they did not. The AAT condition was the same as in
Experiment 1, except that we focused on the difference between affili-
ative approach and aggressive approach (both contrasted to a control
action). In the mere instructions condition, participants received the
same instructions as in the VAAST but they did not perform the actual
training. Based on a grounded cognition account, we predicted a larger
difference between the two visual representations resulting from affili-
ative and aggressive approach in the VAAST condition (i.e., when

19 The two control variables were contrast-coded (− 0.5; +0.5).
20 The background color moderated C1, t(223) = 3.27, p = .001, dz = 0.22,

95 % CI [0.09; 0.35], BF10 = 13.19, so that the effect of C1 was significant and
more visible on for the Blue background condition, t(223) = 3.57, p < .001, dz
= 0.24, 95 % CI [0.11; 0.37], BF10 = 33.64 (Maffiliative = 59.29, SE = 0.62;
Maggressive = 57.40, SE = 0.63) than the Yellow background condition, t(223) =
1.26, p = .21, dz = 0.08, 95 % CI [-0.05; 0.22], BF01 = 6.16 (Maffiliative = 56.49,
SE = 0.61; Maggressive = 56.98, SE = 0.61). The face-based group significantly
moderated C1, t(225) = 3.04, p = .003, dz = 0.20, 95 % CI [0.07; 0.33], BF10 =

6.51, so that the effect of C1 was significant and more visible on faces of Group
2, t(225) = 3.72, p < .001, dz = 0.25, 95 % CI [0.12; 0.38], BF10 = 57.39
(Maffiliative = 59.49, SE = 0.61; Maggressive = 57.21, SE = 0.61) than faces of Group
1, t(225) = 1.09, p = .28, dz = 0.07, 95 % CI [-0.06; 0.20], BF01 = 7.51 (Maf-

filiative = 56.29, SE = 0.62; Maggressive = 57.17, SE = 0.63).
21 The background color moderated C2, t(220) = 2.20, p = .03, dz = 0.15, 95

% CI [0.02; 0.28], BF10 = 0.80, so that the effect of C1 was significant and more
visible for the Blue background condition, t(220) = 4.86, p < .001, dz = 0.33,
95 % CI [0.19; 0.46], BF10 > 100 (MApp = 58.35, SE = 0.44; MAv = 55.46, SE =

0.64) than the Yellow background condition, t(220) = 1.49, p = .14, dz = 0.10,
95 % CI [-0.03; 0.23], BF01 = 4.45 (MApp = 56.74, SE = 0.43; MAv = 55.27, SE
= 0.65). The face-based group did not significantly moderate C2, t(222) = 0.73,
p = .46, dz = 0.05, 95 % CI [-0.08; 0.18], BF01 = 10.25.
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Fig. 7. Boxplot Representing the Positivity Score as a Function of the Target Action (Affiliative Approach vs. Aggressive Approach vs. Avoidance) for condition-level
classification images (left panel) and subgroup-level classification images (right panel).
Note. The positivity score corresponds to the average score of trustworthiness, aggressiveness, and criminality, the last two scores being reversed. Lines inside the
boxes represent the median values and diamonds represent the mean values. The lower edges of the boxes represent the lower quartiles and the upper edges the
upper quartiles.

Fig. 8. Boxplot Representing Ratings as a Function of the Target Action (Aggressive Approach vs. Avoidance) and the Type of Trait (Avoidance Relevant vs.
Aggressive Approach Relevant) for condition-level classification images (left panel) and subgroup-level classification images (right panel).
Note. Lines inside the boxes represent the median values and white diamonds represent the mean values. The lower edges of the boxes represent the lower quartiles
and the upper edges the upper quartiles. In exploratory analyses reported as Supplementary Materials (see Table S1 and Fig. S1), we tested the differences between
the visual representations of affiliative approach and aggressive approach, and between affiliative approach and avoidance – again, for both condition and subgroup
classification images.
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participants actually experience a training session) than in the mere
instructions condition (i.e., when participants receive mere information
about a prospective training session).

4.1. Power analysis and sample size

In line with Registered Experiment 1 (i.e., N = 100 face producers
per condition), this experiment involved four between-participant con-
ditions for Part 1 (see participants and design sections), so a sample size
N = 400. This sample size for the producers exceeds the one used in the
most similar experiment comparing the AAT and the mere instructions
conditions (N = 80 per condition; Rougier et al., 2021, Exp. 3A).

Regarding the judges’ sample size, as in Experiment 1, N = 150
judges allowed to secure 99.99 % power for the frequentist analyses
(with dz = 0.80 and 5 % false-positive rate in a two-tailed t-test with
paired samples). Again, we used a “sequential Bayes factor with
maximal n” method to gather strong evidence in favor of either H1 or H0
(same parameters and procedure as in Experiment 1; Schönbrodt &
Wagenmakers, 2018).

4.2. Method

4.2.1. Part 1: creation of classification images
Participants and Design. Four hundred students (Mage = 21.43

years, SDage = 2.47; 126 men, 271 women, and 3 responding ‘other’)
took part in this experiment in exchange for course credits or a monetary
compensation (5€). We had no inclusion criteria and exclusion criteria
were the same as in Registered Experiment 1, Part 1. Thus, we excluded
participants with an error rate of 30 % or more in the VAAST (N = 1) and
participants with 30 % or more responses faster than 200 ms (N = 1). No
participant provided responses with less than 5 % of variation in the
reverse correlation task but we removed participants who failed to
remember correctly the approach/avoidance instructions (N = 23; see
also Van Dessel et al., 2015). This left us with a final sample of 375
participants.

The design and procedure were the same as in Registered Experiment
1, except for the target action variable that only coded for affiliative vs.
aggressive approach and the condition variable that coded for the
VAAST vs. mere instructions manipulation. The experiment thus relied
on a 2 (target action: affiliative approach vs. aggressive approach) x 2
(condition: VAAST vs. mere instructions) x 2 (background color: blue vs.
yellow) x 2 (face-based group: Group 1 vs. Group 2) mixed design with
the target action and condition variables varying between participants.
The design of the VAAST was the same as in Experiment 1. To ensure
that participants were equally familiar with the blue- and yellow-
background faces in the mere instructions condition, participants un-
derwent a control task (hereafter “categorization task”) in lieu of the
AAT (see Rougier et al., 2021; Exp. 3A). The design was the same as the
AAT except that we used instructions relative to the key press (e.g., press
the S key for blue-background faces) instead of approach/avoidance –
participants did not perform any approach/avoidance action.
Procedure. We programed the experiment on jsPsych and it took

place in a lab of the catholic University of Louvain. The procedure was
comparable to Registered Experiment 1, except for a few changes related
to the condition variable.
Step 1. Approach/Avoidance Induction. We randomly assigned

participants to the VAAST or to the mere instructions condition. In the
VAAST condition, the procedure was the same as in Registered Experi-
ment 1 except that we did not include an avoidance condition.

In the mere instructions condition, participants started with a control
categorization task. This task was the same as the VAAST (e.g., same
visual environment) with the difference that participants categorized
the blue- and yellow-background faces with the S and F keys and they
used the D key as the start key. Moreover, there was no mention of
approach/avoidance actions in the task and pressing the categorization
keys was not associated with any visual feedback of approach/

avoidance. As in Registered Experiment 1 for the control action, after
pressing the S or F keys, the face remained static during 300 ms before
disappearing. Because participants saw the two groups of faces the same
number of times as in the VAAST and the trial time course was the same,
the duration of the two tasks was highly similar. After the categorization
task, participants received the same approach/avoidance instructions as
in the VAAST condition. Specifically, we informed them that they would
have to perform an approach/avoidance task (at the end of the study)
and that their task would be to approach blue-background faces and to
avoid yellow-background faces (or the reverse). Similar to the VAAST
condition, we insisted on the importance of remembering these in-
structions. In fact, they never performed the AAT.
Step 2. Reverse Correlation. After the AAT, all participants un-

derwent the same reverse correlation procedure as in Registered
Experiment 1: They selected, within one block, the face that looked the
most like the group of faces associated with approach (i.e., the target
action).
Step 3. Instructions Check. After the reverse correlation task,

participants reported the approach/avoidance instruction given to them
(three response options: “Approach blue-background and remain static
for yellow-background faces,” “Approach yellow-background and
remain static for blue-background faces,” and “I do not remember”).
Then, they completed the same demographics as before and were
debriefed.

4.2.2. Part 2: classification images ratings by independent judges
In Part 2 of the experiment, we tested whether the predicted differ-

ence in evaluations between the two target actions (i.e., a more positive
visual representation for the affiliative approach than the aggressive
approach) was larger when participants truly experienced the AAT (i.e.,
the VAAST) as compared to when they received mere instructions. To
test this hypothesis, we used the same set of traits as in Registered
Experiment 1 (trustworthiness, aggressiveness, and criminality).
Construction of the classification images. To visualize the mental

representations associated with the target action (affiliative approach
vs. aggressive approach) as a function of the condition (VAAST vs. mere
instructions), we computed the four condition-level classification im-
ages (constant scaling = .004; see Fig. 9). Regarding subgroup-level
classification images, we randomly selected the data of five individuals
within a given condition of target action and control variables of
background color and face-based group (constant scaling = .012). In
total, we computed 400 subgroup-level classification images (random
selection with replacement) with 100 images for each condition of target
action, hence 25 for each crossing of the control variables.

Fig. 9. Condition-Level Classification Images as a Function of the Target Action
(Affiliative Approach vs. Aggressive Approach) and the Condition (VAAST vs. Mere
Instructions).
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Cluster Test on Condition-Level Classification Images from
Affiliative vs. Aggressive Approach Conditions. We performed the
same (non-pre-registered) cluster analyses as in Registered Experiment
1. As can be seen in Fig. 10, some face areas were statistically associated
with participants’ face selection that seemed to differ between condi-
tions. The mouth and cheek regions came across as significantly lighter
for the Aggressive approach condition (see Fig. 10, top and bottom right
images). This could indicate faces with more pursed-looking lips.
Regarding the affiliative approach, the left (more external) cheek area
was also significantly lighter in the VAAST condition (Fig. 10, top left
image) and an area next to the upper zone of the nose and on the chin
was darker in the mere instruction condition (bottom left image).
Participants. A total of 150 Prolific Academic users took part (Mage

= 35.83 years, SDage = 11.97; 70 men, 78 women, and 2 responding
‘other’).22 Inclusion and exclusion criteria were the same as in Regis-
tered Experiment 1. We excluded three participants with less than 5 %
variation in their responses.
Procedure. Before signing the informed consent, participants

learned that the study was about face perception and that their task
would be to evaluate faces on trustworthiness, aggressiveness, and
criminality. The procedure comprised two blocks. In a first block, par-
ticipants evaluated the four condition-level classification images and in
a second block, they evaluated a sample of 32 subgroup-level images.
The subgroup images were randomly selected in the pool of 400 sub-
group images in such a way that each participant evaluated two images
for each crossing of target action, condition, background color, and face-
based group.

Before each block, we briefly displayed classification images as in
Registered Experiment 1. We presented the faces one by one and the
scales (Likert-type scales from 0= not at all to 100= very much with a 10-
point gap between response options) relative to each trait were pre-
sented adjacent to each other on the vertical axis, always in the same
order for a given participant. Participants were encouraged to answer as
honestly and as spontaneously as possible. Finally, participants
answered the same demographics as in Part 1.

4.3. Results

As previously, our analyses relied on judges’ ratings of condition-

and subgroup-level classification images. Overall, aggressiveness and
criminality scores were highly correlated, r = .77, 95 % CI [.75; .78], t
(5290) = 86.68, p < .001, while trustworthiness was correlated more
modestly with aggressiveness, r = -.41, 95 % CI [-.43; -.39], t(5290) =
32.78, p < .001, and criminality, r = -.41, 95 % CI [-.43; -.38], t(5290) =
32.34, p< .001. We computed a “positivity score” as the average score of
trustworthiness, aggressiveness (reversed), and criminality (reversed)
ratings for the four classification images (α = .77).

We treated the target action (aggressive approach: − 0.5, affiliative
approach: +0.5) and condition (mere instructions: − 0.5, VAAST: +0.5)
variables as within-judge factors. As in Experiment 1, we reported both
frequentist (t-tests) and Bayesian (BF10 or BF01) statistical indices for
each analysis. We performed the analyses for both condition-level and
subgroup-level classification images and we tested over subgroup im-
ages whether the main effects remained significant when controlling for
the variables of background color and face-based group.

The interaction between the target action and the condition was
significant for the condition-level classification images, t(146) = 10.21,
p < .001, dz = 0.84, 95 % CI [0.65; 1.03], BF10 > 100 (see Fig. 11),
indicating that the difference between classification images in the
VAAST condition (Maffiliative = 63.36, SE = 1.41; Maggressive = 43.31, SE =

1.26) was significantly larger than in the mere instructions condition
(Maffiliative = 59.30, SE = 1.27; Maggressive = 59.93, SE = 1.30). This
pattern replicated for subgroup-level classification images (VAAST
condition: Maffiliative = 55.81, SE = 0.51; Maggressive = 49.63, SE = 0.53;
Mere instruction condition: Maffiliative = 56.76, SE = 0.51; Maggressive =

55.72, SE = 0.51), t(146) = 5.62, p < .001, dz = 0.47, 95 % CI [0.29;
0.64], BF10 > 100.23

In line with a framing-dependency hypothesis, analyses in the
VAAST condition revealed that the condition-level classification image
of affiliative approach received more positive ratings than the one of
aggressive approach, t(146) = 12.13, p < .001, dz = 1.00, 95 % CI [0.80;
1.20], BF10 > 100. This effect also emerged for subgroup-level classifi-
cation images, t(146) = 8.24, p < .001, dz = 0.68, 95 % CI [0.50; 0.86],
BF10 > 100. In the mere instructions condition, classification images did
not significantly differ at the condition-level, t(146) = 0.50, p = .61, dz
= 0.04, 95 % CI [-0.12; 0.20], BF01 = 9.61. However, the effect emerged
at the subgroup-level, t(146) = 1.99, p = .048, dz = 0.16, 95 % CI [0.00;
0.33], BF10 = 0.63.

4.4. Discussion

In Registered Experiment 2, we obtained a larger framing-
dependency effect, that is a larger difference between affiliative vs.
aggressive approach, in the VAAST condition than in the mere in-
structions condition. In the latter condition, we only observed a weak
framing effect for classification images at the subgroup-level, but not the
condition-level. These results are in line with the idea that the AAT effect
is framing-dependent and that this effect hinges on the experiential
aspect of the training.

Fig. 10. Significant Clusters in Condition-Level Classification Images as a
Function of the Approach (Affiliative Approach vs. Aggressive Approach) and
the Condition (VAAST vs. Mere Instructions).

22 We chose to use an online sample of participants to accelerate the data
collection procedure, given that there are no a priori reasons to believe that
online independent judges would produce different results.

23 The background color significantly moderated the observed interaction, t
(146) = 7.58, p < .001, dz = 0.63, 95 % CI [0.45; 0.80], BF10 > 100, so that the
interaction effect was larger for the blue background (VAAST: Maffiliative =

58.57, SE = 0.70; Maggressive = 47.77, SE = 0.76; Mere instructions: Maffiliative =

53.87, SE = 0.70; Maggressive = 54.80, SE = 0.74) than the yellow background
(VAAST: Maffiliative = 53.04, SE = 0.72; Maggressive = 51.50, SE = 0.73; Mere
instructions: Maffiliative = 59.65, SE = 0.71; Maggressive = 56.65, SE = 0.70). The
interaction was significant for the blue background, t(146) = 8.60, p < .001, dz
= 0.71, 95 % CI [0.53; 0.89], BF10 > 100, but not the yellow background, t
(146) = 1.26, p = .21, dz = 0.10, 95 % CI [-0.06; 0.27], BF01 = 5.02. The face-
based group did not significantly moderate the interaction, t(146) = 1.90, p =

.06, dz = 0.16, 95 % CI [-0.01; 0.32], BF01 = 0.71.
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5. General discussion

Previous research on AAT effects provided repeated demonstrations
of a “systematic” outcome of approach/avoidance, with approach
leading to a more positive evaluation than avoidance. Considering that
approach can sometimes take on a different meaning (e.g., aggressive-
ness) and convey negativity instead of positivity, we hypothesized that
framing approach as aggressive (vs. affiliative) should moderate the
AAT effect. Our Preliminary Experiment provided initial evidence for
the framing-dependency of the AAT effect.

In Registered Experiment 1, we replicated the framing-dependency
effect by manipulating actions (affiliative approach, aggressive
approach, and avoidance) separately between participants. The visual
representation of affiliative approach was rated as more positive than
that of aggressive approach, and both were rated more positively than
avoidance. Mean ratings of the visual representations of aggressive
approach felt between the means of the affiliative approach and
avoidance conditions. Importantly, whereas the framing effect for
condition-level images was straightforward, results for subgroup-level
images seemed less clear: the framing effect was significant, but the
associated Bayes factor suggested anecdotal evidence. Regarding the
predictions of the trait-specificity hypothesis, both visual representa-
tions of aggressive approach and avoidance were evaluated higher on
avoidance-relevant traits as compared to aggressive approach relevant
traits.

In Registered Experiment 2, both frequentist and Bayesian analyses
were consistent with a framing effect for both condition- and subgroup-
level images. We also highlighted the importance of actually experi-
encing approach actions during the training: the difference between
affiliative and aggressive approach visual representations was larger in
the VAAST condition compared to the one observed in the mere in-
structions condition.

5.1. Empirical contribution to approach/avoidance

The first and main contribution of this work is to provide convergent
evidence for the framing-dependency of AAT effects. We found this ef-
fect in three experiments using both condition- and subgroup-level
classification images – the only somewhat inconsistent result being the
Bayesian analysis for subgroup images in registered Experiment 1. This
finding aligns with and extends previous AAT research on the impor-
tance of framing approach/avoidance (Laham et al., 2014) and the
flexible valence of these actions (Mertens et al., 2018). It also parallels
studies on approach/avoidance activation suggesting that approach can
be instrumental to aggression (Bossuyt et al., 2014; Krieglmeyer &
Deutsch, 2013).

Second, our work raises the possibility that unframed characteriza-
tion of approach may mitigate its effect. Indeed, this may leave room for
inter-individual variability in the interpretation of the meaning attached
to approach – if some participants interpret approach as aggressive, this
should decrease the positivity of the overall approach effect. This could
explain past results showing that AAT effects seem to be driven by
avoidance, when compared to a control condition (Rougier et al., 2021).

Third, we did not predict a difference in negativity between visual
representations of aggressive approach and avoidance – though we
ventured a trait-specificity hypothesis. While the Preliminary Experi-
ment suggested that aggressive approach leads to more negative visual
representations, the effect reversed in Registered Experiment 1 when the
two actions were no longer contrasted. Indeed, aggressive approach led
to less negative visual representations than avoidance. This opens the
possibility that, when not contrasted, approach (even when aggressive)
could be associated with less negativity than avoidance to some extent.
For a more definitive answer, future work could introduce a neutral
control condition to inform on the general evaluative tone of aggressive
approach.

Finally, the larger framing effect in the training condition compared

Fig. 11. Boxplot Representing the Positivity Score as a Function of the Target Action (Affiliative Approach vs. Aggressive Approach) and the Condition (VAAST vs.
Mere Instuctions) for condition-level classification images (left panel) and subgroup-level classification images (right panel).
Note. The Positivity score corresponds to the average score of trustworthiness, aggressiveness, and criminality, the last two scores being reversed. Lines inside the
boxes represent the median values and diamonds represent the mean values. The lower edges of boxes represent the lower quartiles and the upper edges the
upper quartiles.
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to the instructions condition (Registered Experiment 2) suggests that the
framing-dependency of AAT is not driven by demand effects (Corneille
& Béna, 2023). Both conditions informed participants about the con-
tingencies between approach vs. control actions and face groups. This
implies that if participants correctly guessed the hypothesis (i.e., they
were demand-aware) and tried to fake their responses (or did activate
any other demand compliance process; Corneille & Lush, 2023), this
should have been consistent across the two experimental conditions (i.
e., instructions and VAAST). Hence, experiencing the affiliative versus
aggressive approach actions, beyond any demand effects, is a likely
explanation of the larger framing effect in the training condition.

5.2. Theoretical contribution

As explained in the introduction, the framing-dependency of AAT
challenges some theoretical accounts (self-anchoring, motivational),
while it aligns well with others (grounded cognition, common-coding,
inferential). Additionally, the importance of experiencing approach ac-
tions, as compared to merely receiving instructions, challenges the
inferential account because the latter predicts similar inferences about
the stimuli in both conditions. This last finding, however, would fit well
with a more recent, qualified version of the inferential account that
differentiates past- and future-oriented inferences.

According to Rougier et al. (in preparation), approach/avoidance
training activates past-oriented inferences (e.g., “I approached stimulus
A”), while mere instructions activate future-oriented inferences (e.g., “I
will approach stimulus A”). Moreover, given that past-oriented in-
ferences refer to actual past (i.e., more certain) events, they are more
likely to be used and thus to drive evaluative changes. Rougier et al. (in
preparation) showed that participants who believed they had
approached or avoided stimuli (through a bogus training and past-
oriented instructions) exhibited a greater effect than those who
received future-oriented instructions. Based on this qualified inferential
account, the VAAST condition (promoting past-oriented inferences) is
also expected to produce a larger effect compared to mere instructions
(promoting future-oriented inferences). Overall, the framing-
dependency of approach and the role of the training experience align
with the grounded cognition approach, a qualified version of the infer-
ential account, and the common-coding account. Future research should
therefore aim to contrast more detailed predictions of these models.

First, whereas the grounded cognition approach relies on the
enactment of approach/avoidance actions toward stimuli (Barsalou,
1999, 2008; Versace et al., 2014), the inferential account relies on the
inferences drawn from the approach/avoidance information available,
whether from actual experience or (past-oriented) instructions (Van
Dessel, Hughes, & De Houwer, 2018). Thus, to disentangle these ac-
counts, one could examine more directly the role of experiencing
contingent approach/avoidance actions by comparing the effects of a
real training (e.g., VAAST) with those of a bogus training (e.g., training
with past-oriented instructions like “you approached stimulus A", but no
actual contingencies). A larger effect from real training would support
the grounded cognition approach, whereas a comparable effect between
conditions would support the qualified inferential account.

Second, the grounded cognition approach predicts a pivotal role of
the sensorimotor information of approach/avoidance in the observed
effects because the activation of the multimodal representations in
memory depends on this (see Rougier et al., 2018, 2021). On the con-
trary, the common-coding account does not make this prediction
because codes in memory are abstracted from the (sensorimotor) in-
formation (Eder & Klauer, 2009). One could therefore manipulate the
extent of sensorimotor information involved in approach/avoidance
actions during the training (e.g., a rich and relevant sensorimotor in-
formation as in the VAAST vs. a more symbolic, third-person perspective
condition). Contrary to the common-coding account, the grounded
cognition account would predict a larger effect in the relevant sensori-
motor information condition.

5.3. Limitations and future directions

The results of the current work did not confirm the trait-specificity
hypothesis: visual representations of avoidance and aggressive
approach were evaluated higher on avoidance-relevant traits as
compared to aggressive approach-relevant traits. This pattern of find-
ings challenges the trait-specificity hypothesis and therefore one
implication of the grounded cognition account. Importantly, this
discrepancy could be due to some drawbacks of the pilot study used to
identify aggressive approach versus avoidance-relevant traits.

First, while we controlled for the valence and the face relevance of
the traits, we did not assess the extent to which traits were equivalent on
the possessor- vs. other-relevance dimension. Yet, as explained in the
introduction, other-relevant facial traits (e.g., trustworthy, cruel) are
more strongly related to approach/avoidance reactions than possessor-
relevant facial traits (e.g., intelligent, lazy; Rougier et al., 2021; Wen-
tura et al., 2000). Looking back at the traits we selected, it seems that
avoidance-relevant traits (i.e., opportunistic, rough, dominant, racist)
could be more other-relevant than approach-aggressive traits (i.e.,
stingy, depressive, mediocre, weak) that seem more possessor-relevant.
Thus, current results may merely reflect the fact that two negatively
connoted actions lead to visual representations reflecting more negative
other-relevant traits than negative possessor-relevant traits.

Second, although the pilot study revealed that avoidance-relevant
traits are rated as more related to avoidance than aggressive approach
relevant traits, it did not show that the aggressive approach-relevant
traits are rated as being more related to aggressive approach than to
avoidance. In other words, we measured evaluations of avoidance and
approach aggressive visual representation on more or less avoidance-
relevant traits instead of avoidance-relevant and approach aggressive-
relevant traits. Hence, it is possible that we did not rely on sufficiently
approach aggressive-relevant traits to obtain the expected interaction
between the movement and the type of trait. Combining this point with
the first one, future work should investigate visual representations
resulting from different actions by relying on traits clearly related to
avoidance and aggressive approach and orthogonalized with other-/
possessor-relevance.

Third, asking participants to identify which personality traits are
associated with aggressive approach versus avoidance requires them to
introspect and recall past experiences of these behaviors. However,
some participants may simply lack the experience of aggressive
approach (or avoidance) and thus rely on lay theories in providing their
answers. Alternatively, such experiences and the features associated
with aggressive approach and avoidance may vary widely between in-
dividuals, a variability that would not be reflected into the selected
traits.

Fourth, the pilot did not specify whether a trait referred to the causes
or the consequences of aggressive approach vs. avoidance. For instance,
in case of aggressive approach, it is unclear whether participants in the
pilot study generated traits associated with the person that one wants to
approach to aggress (cause) or the traits of this person after the
aggression (consequence). This could have led to a discrepancy between
the traits generated in the pilot and the actual representation of the
facial feature associated to the real actions.

Fifth, our pilot study contrasted avoidance with aggression (i.e.,
participants had to decide for each trait whether it was related to
avoidance or aggression). However, Registered Experiment 1 did not
directly contrast these actions, which may have reduced the likelihood
of observing distinct feature patterns. Finally, the pilot study relied
exclusively on negatively valenced traits, based on the assumption that
aggressive approach and avoidance actions relate to negative visual
representations. Yet, as discussed before, aggressive approach could be
associated with some form of positivity.

Considering these limitations, future research should try to assess
which facial features (both positive and negative) relate to aggression
and avoidance at the individual- (rather than group-) level. These
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individual-level ratings could then be compared to individual-level
classification images from aggressive approach vs. avoidance actions
contrasted in the training. Noteworthy, a method that should facilitate
the assessment of individual-level classification images is the recent
Brief Reverse correlation task (Schmitz et al., 2024).

6. Conclusion

Our findings suggest that approaching stimuli can sometimes lead to
more negative evaluations when approach is framed as aggressive,
highlighting the importance of the meaning attached to the performed
action. Moreover, merely receiving instructions about approach actions
was not sufficient to produce the effect. Rather, these actions had to be
effectively performed during training. Notwithstanding the steps taken
in this contribution to advance our theoretical understanding, the ob-
tained findings remain coherent with several theoretical explanations.
Further delineating the merits of each of these accounts remains an
important goal for future research.

Open practices

The preregistration (Preliminary Experiment, Part 2B), screenshots
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