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Abstract
Effect-based accounts of human action control have recently highlighted the possibility of representing one’s own actions in
terms of anticipated changes in the behavior of social interaction partners. In contrast to action effects that pertain to the agent’s
body or the agent’s physical environment, social action effects have been proposed to come with peculiarities inherent to their
social nature. Here, we revisit the currently most prominent demonstration of such a peculiarity: the role of eye contact for action-
effect learning in social contexts (Sato & Itakura, 2013, Cognition, 127, 383–390). In contrast to the previous demonstration of
action-effect learning, a conceptual and a direct replication both yielded evidence for the absence of action-effect learning in the
proposed design, irrespective of eye contact. Bayesian statistics supported this claim by demonstrating evidence in favor of the
null hypothesis of no effect. These results suggest a limited generalizability of the original findings—for example, due to
limitations that are inherent in the proposed study design or due to cultural differences.
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Anticipating how other people will react to one’s own actions is
a fundamental part of action control in social interactions.
Another person’s predictable behavior can even be used to rep-
resent, select, and control one’s own movements. Such
sociomotor actions have recently attracted considerable interest
(e.g., Flach, Press, Badets, & Heyes, 2010; Kunde, Lozo, &
Neumann, 2011; Müller, 2016; Pfister, Dignath, Hommel, &
Kunde, 2013; Weller, Schwarz, Kunde, & Pfister, 2018). The
sociomotor framework (Kunde,Weller, & Pfister, 2018) is root-
ed in ideomotor approaches to action control, which propose
that human actions are controlled by anticipating the sensory
consequences they typically evoke (Harleß, 1861; Herbart,
1825; James, 1890; see Pfister, 2019; Shin, Proctor, &
Capaldi, 2010, for reviews). This idea takes into account that
each action inevitably produces a range of sensory effects—for
instance, knocking on a table results in a specific sound, a visual
image of the respective motion, and proprioceptive sensations

of the movement. Ideomotor theory proposes that agents ac-
quire bidirectional associations between a motor action and
these sensory effects (i.e., action–effect associations). These
associations can be used for action control: In order to perform
a specific action, its sensory effects are anticipated, which in
turn trigger the associated motor action. There is considerable
empirical support for the assumptions of ideomotor theory—for
example, from the manual domain (Elsner & Hommel, 2001;
Kunde, 2001, 2006; Pfeuffer, Kiesel, & Huestegge, 2016;
Pfister & Kunde, 2013; Wolfensteller & Ruge, 2011) and from
the oculomotor domain (Herwig & Horstmann, 2011;
Huestegge & Kreutzfeldt, 2012; Riechelmann, Pieczykolan,
Horstmann, Herwig, & Huestegge, 2017).

The term sociomotor actions specifically refers to situations
where the action of an agent not only triggers certain sensory
effects in the inanimate environment but also consistently
evokes a certain behavior of another person (Kunde et al.,
2018). Based on ideomotor theory, it is assumed that the agent
can acquire a bidirectional association between his or her action
and the sensory effect—that is, the other person’s response (also
labeled Bintersubjective action–effect binding^; Sato & Itakura,
2013). Anticipating the other person’s behavior then can reacti-
vate the agent’s action. Support for this claim comes from sev-
eral studies investigating learning and anticipation of social ac-
tion effects using different experimental designs (e.g., Herwig&

Eva Riechelmann and Lisa Weller contributed equally to this work.

* Eva Riechelmann
eva.riechelmann@uni-wuerzburg.de

1 Department of Psychology, Würzburg University, Röntgenring 11,
97070 Würzburg, Germany

Attention, Perception, & Psychophysics (2019) 81:1991–2002
https://doi.org/10.3758/s13414-019-01715-6

http://crossmark.crossref.org/dialog/?doi=10.3758/s13414-019-01715-6&domain=pdf
mailto:eva.riechelmann@uni-wuerzburg.de


Horstmann, 2011; Kunde et al., 2011; Müller, 2016; Müller &
Jung, 2018; Pfister et al., 2013; Pfister, Weller, Dignath, &
Kunde, 2017; Sato & Itakura, 2013).

Previous work on sociomotor actions has mainly aimed at
showing that anticipations of a partner’s behavior are indeed
implemented in action control (Kunde et al., 2018; Pfister et al.,
2013; see also Wolpert, Doya, & Kawato, 2003, for a related
framework). Although the available evidence clearly supports
this claim, only few studies have addressed possible peculiarities
of social action effects as compared with effects on the agent’s
body or on the agent’s inanimate environment. A notable excep-
tion to this rule is a study by Sato and Itakura (2013), who
investigated action–effect learning for social action effects aswell
as social moderator variables in this process. In this study, partic-
ipants first underwent an acquisition phase in which they repeat-
edly experienced novel action–effect associations between key
presses and a certain mouth gesture of an on-screen face. More
precisely, participants could choose between pressing a left or
right key on each trial, and their key press consistently triggered
a certain change of the on-screen face—for example, lip protru-
sion or cheek puffing. In a subsequent test phase, participants had
to respond with the same left and right key press to novel, arbi-
trary targets, and the former effect stimuli (i.e., mouth gestures)
were presented as primes before the imperative stimuli. These
mouth gestures could either be congruent to the to-be-executed
response (i.e., the imperative stimulus required the response that
had produced the respective mouth gesture in the acquisition
phase), incongruent (i.e., to-be-executed and prime-associated
responses did not match), or neutral (i.e., inducing a mouth ges-
ture that had not been experienced in the acquisition phase). The
authors argued that if participants had acquired bidirectional as-
sociations between the key presses and the effect stimuli in the
acquisition phase, presenting the effect stimuli as primes in the
test phase should activate the associated response. Therefore,
responses should be facilitated when the congruent (vs. incon-
gruent) prime is presented.

The results of Experiment 1 in Sato and Itakura (2013)
indeed confirmed that participants responded faster in trials
involving congruent (vs. incongruent) primes. However, to
validate whether the results of Experiment 1 are driven by
genuinely social processes as elicited by eye contact (direct
gaze of the face stimuli), the authors conducted Experiment 2
where the on-screen face was looking to the left or right in-
stead of directly looking at the participant. Indeed, Experiment
2 revealed no evidence for action–effect learning with averted
gaze. These results suggest that action–effect learning and/or
retrieval in sociomotor actions can be modulated by genuinely
social variables such as eye contact, which is in line with
previous research showing that direct eye contact is a power-
ful moderator of cognitive processes (Senju & Johnson,
2009). The social significance of direct eye contact is further
confirmed by studies showing that faces with direct (vs.
averted) gaze capture the attention of the perceiver (Böckler,

van derWel, &Welsh, 2014; Senju &Hasegawa, 2005; Senju,
Hasegawa, & Tojo, 2005) and facilitate processing of the ob-
served face (Macrae, Hood, Milne, Rowe, & Mason, 2002;
Mason, Hood, & Macrae, 2004).

Although eye contact exerts a strong influence on cognitive
processes in a range of different domains, the results of
Experiments 1 and 2 in Sato and Itakura’s (2013) study can
also be explained along different lines. More precisely, the
absence of evidence for action–effect learning in case of
averted gaze may also be attributed to a lack of attention on
the mouth region, where the critical action-contingent changes
occurred. Specifically, the face stimuli with averted gaze
might have prompted participants to automatically follow this
gaze, drawing attention away from the mouth region (see
Frischen, Bayliss, & Tipper, 2007, for a review on gaze
cueing). Sato and Itakura (2013) designed face stimuli with
closed eyes (Experiment 3) to tackle this alternative explana-
tion. Exploring such alternative explanations seems especially
warranted in light of studies that showed an impact of social
action effects even in the absence of eye contact (e.g., Flach
et al., 2010; Pfister et al., 2013; Weller et al., 2018). Because
there was still no evidence for action–effect learning in this
setting, the authors concluded that the congruency effect as
observed in the direct gaze condition (Experiment 1) was in-
deed due to the eye contact.

However, one might still consider attentional processes as a
potential explanation for the null results of their Experiment 3.
We argue that visual attention could have been drawn away
from the face, causing a lack of attention on the critical mouth
region even in Experiment 3, because a nonengaging interac-
tion partner with closed eyes served as stimulus. Several
findings—for example, from neonate studies—support this
claim by demonstrating that newborns already spend less time
looking at a face photograph with the eyes closed compared
with the same face photograph with eyes open (Batki, Baron-
Cohen, Wheelwright, Connellan, & Ahluwalia, 2000).

Based on this reasoning, the present study was designed to
replicate Sato and Itakura’s (2013) study and to additionally
test whether gaze cueing toward the mouth region (thereby
drawing attention to the location of the effect) can reinstantiate
a congruency effect even in the absence of direct eye contact.
This finding would substantially challenge the idea that eye
contact represents a necessary prerequisite for sociomotor
learning. In Experiment 1a, we conducted a conceptual repli-
cation of Sato and Itakura’s (2013) Experiment 1 using pho-
tographs with direct gaze as stimuli. Experiment 1b addressed
the alternative explanation proposed above by including face
stimuli with eyes looking downward in order to guide the
participant’s attention to the mouth region of the face stimulus
(Experiment 1b; for evidence for gaze cuing on the vertical
axis, see Langton & Bruce, 1999).

We did not observe evidence for any action–effect learning
with either direct or averted gaze in these initial experiments.
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Given that our stimulus material was different from the stimuli
used in the original study by Sato and Itakura (2013), we then
decided to run a direct replication including the original stim-
ulus material (Experiment 2).

Experiment 1a: Conceptual replication

Experiment 1a represents a conceptual replication of
Experiment 1 reported by Sato and Itakura (2013). We made
every effort to produce stimulus material that matched the
stimuli used in the original study, while adopting the stimuli
to the different cultural backgrounds of European rather than
Asian participants.

As in the original study, participants first experienced novel
action–effect associations in an acquisition phase. More pre-
cisely, they were instructed to perform left and right key
presses that triggered distinct mouth gestures of the face pre-
sented on the screen. Participants were asked to spontaneously
select each key press while choosing each option about equal-
ly often. In a subsequent test phase, corresponding faces were
presented as primes shortly before an imperative stimulus,
which required a speeded left or right response. If associations
between key press and resulting mouth gesture were learned
in the acquisition phase, the primes presented in the test phase
should activate the prime-associated response, thereby
influencing response initiation. Thus, in congruent trials,
where the prime-associated response and the to-be-executed
response matched, we expected to observe reduced reaction
times (RTs) compared with incongruent trials, where prime-
associated and to-be-executed response did not match.

Method

Participants

We recruited 32 participants who received either course
credits or monetary compensation for participation.
Participants were naïve with respect to the purpose of the
experiment and gave written informed consent before com-
pleting the study.

In contrast to Sato and Itakura’s (2013) original study,
where no participants were excluded due to an unbalanced
proportion of key presses during acquisition, we chose to ex-
clude participants from our initial analyses when the distribu-
tion of left and right key presses during acquisition deviated
from a balanced distribution at a ratio equal to or exceeding
2:1. Data of eight participants had to be excluded due to this
criterion. Data of the remaining 24 participants were analyzed
(mean age = 24.6 years, age range: 19–34 years, 20 women,
no left-handers). A sample size of 24 participants should en-
sure a high power of 1 − β > .99 to detect the original effect

size of Cohen's dz = t= ffiffi

n
p ¼ 4:7

�

ffiffiffiffi

22
p ¼ 1:00; as reported for

Sato and Itakura’s (2013) Experiment 1.

Apparatus and stimuli

The experiment was programmed using E-Prime 2.0
(Psychology Software Tools Inc., Sharpsburg, PA, USA), and
stimuli were presented on a 23-in. TFT-monitor (refresh rate:
60 Hz, spatial resolution: 1,920 × 1,080 pixels). Participants
responded on a standard computer keyboard using a left and right
response key with their respective left and right index finger.

Stimuli were designed to be maximally comparable with
the stimulus set used in Sato and Itakura (2013). We therefore
used four color photographs of one forward-facing Caucasian
female face (7.6° × 5.7°, height × width), which differed only
with respect to the mouth gestures displayed. The mouth ges-
tures were inserted into the same face pictures (using photo-
editing software) to maximize control; all gestures
corresponded to the variations used in the original study:
mouth closed, lip protrusion, tongue protrusion, and cheek
puffing. The faces were cropped to an oval shape (see the
Appendix for the complete stimulus set). Stimulus material
and experimental program are available on the Open Science
Framework (https://osf.io/z2dw5/).

Procedure

The procedure of Experiment 1a closely matched the proce-
dure of Sato and Itakura’s (2013) Experiment 1, and mainly
differed with respect to the stimulus material used (see the
Apparatus and Stimuli section for details). As in the original
study, the experiment comprised an acquisition phase and a
test phase (see Fig. 1).

Acquisition phase Each trial of the acquisition phase started
with the central presentation of a fixation cross (1,000 ms),
which was then substituted by the female face stimulus shown
with the mouth closed. Participants were instructed to respond
to this neutral target face with a left or right key press using the
left or right index finger, respectively. They were further told
to spontaneously select each key press, and to press each key
about equally often. Each key press was followed by a black
screen (presented for 50 ms; for a similar action–effect delay,
see Dignath, Pfister, Eder, Kiesel, & Kunde, 2014; Elsner &
Hommel, 2001; Hoffmann, Lenhard, Sebald, & Pfister, 2009).
After that, the target face reappeared for 300 ms in the form of
an action effect where the mouth gesture had changed to either
lip protrusion, tongue protrusion, or cheeks puffing.
Importantly, the change in mouth gesture was dependent on
the selected key press: the left key press always triggered a
specific effect (e.g., lip protrusion) whereas the right key press
always triggered a different effect (e.g., cheeks puffing). The
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assignment of mouth gestures to response keys was constant
for each participant and counterbalanced across participants.
Thus, two out of the three mouth gestures were presented to
one participant. The response–effect mapping was not men-
tioned to the participants, but it was pointed out that the mouth
gestures were completely irrelevant for the task. The next trial
started 500 ms after effect offset. The acquisition phase
consisted of 300 trials in total. After completing the acquisi-
tion phase, participants had the opportunity to take a break
before the test phase started.

Note that we implemented several minor changes to the
original study in the acquisition procedure. In the original
study, the key press triggered a change in mouth gesture after
a delay of 50 ms without any interruption by a black screen.
Further, the trial timing was slightly different. Although there
was a fixation interval of 1,000 ms at the beginning and a
black screen (presented for 500 ms) at the end of each trial
in our study, the original study did not use any such interval,
so that the target face was presented on the screen throughout
the acquisition phase.

Test phase In the test phase, the previous effect stimuli served
as primes. At the beginning of each trial, one effect prime with
lip protrusion, tongue protrusion, or cheeks puffing was pre-
sented centrally for a duration of 300 ms. Although each par-
ticipant was familiar with two of the effect primes from the
preceding acquisition phase, there was always one unfamiliar
prime which had not been presented before. Following the
presentation of the prime, one of two target stimuli B⁎^ (0.8
× 0.8 cm) or B#^ (1.0 × 0.8 cm) was presented at the center of
the screen with the instruction to respond to each target with a
key press according to a fixed target–response mapping that
was instructed at the beginning of the test phase. The target–
response mapping was counterbalanced across participants.
Participants were instructed to ignore the prime stimulus and
to respond as quickly and accurately as possible to the target
stimulus. The test phase comprised 120 trials. As in the orig-
inal study, the test phase comprised 40 trials with congruent
and 40 trials with incongruent primes. In another 40 trials, the
neutral stimuli with the mouth gesture not presented during
acquisition (i.e., without any possibility to acquire

Fig. 1 Schematic depiction of the acquisition (a) and test (b) phase. a
After the presentation of a fixation screen, the fixation cross was replaced
by a neutral target face requiring the participant to choose between a left
or right key press on each trial. After a delay of 50 ms, and contingent
upon each key press, one of two target faces with a specific mouth gesture
was displayed. The next trial started after an intertrial interval (ITI) of 500
ms. Note that the acquisition phases of Experiments 1a–b and Experiment
2 slightly differed with respect to the timing. There was no fixation screen
and ITI in Experiment 2, and the neutral target face was presented on-

screen during the 50-ms delay between key press and effect onset. Thus,
the face was constantly presented in Experiment 2 (as in Sato & Itakura,
2013), whereas face presentation was interrupted in Experiment 1a–b. b
A prime face was followed by a target, which required a left or right key
press in accordance with prior instructions. The prime face was either
congruent, incongruent, or neutral with respect to the congruency of the
prime-associated response (as acquired during acquisition) and to-be-
executed response in the test phase. The next trial started after an ITI of
1,000 ms
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associations to the two response options) served as primes.
The next trial started 1,000 ms after the key press.

Design and analysis

The experiment involved the within-subjects factor congruen-
cy (congruent vs. incongruent vs. neutral prime) referring to
the congruency of the prime-associated response and to-be-
executed response in the test phase.

We conducted two types of analyses. First, we performed
the exact same analyses as reported for Experiment 1 in Sato
and Itakura (2013)—that is, paired-samples t tests to compare
error rates and response times between the congruent and
incongruent condition while omitting the data of the neutral
condition. We report Cohen’s dz as effect sizes for paired-
samples t tests (calculated as dz ¼ t

ffiffi

n
p ). Second, the analyses

were extended to include the neutral condition by performing
repeated-measures analyses of variances (ANOVAs) with the
factor congruency (congruent vs. incongruent vs. neutral) for
error rates and RTs. Because the original Sato and Itakura
(2013) study did not report any exclusion criteria due to an
unbalanced proportion of key presses during acquisition, we
additionally report t tests and ANOVAs with all participants
included. Error trials were removed prior to analyzing RTs.
For violations of the sphericity assumption, we report
Greenhouse–Geisser corrected p values along with original
degrees of freedom. As in the original study, all following
analyses were performed without outlier correction.

Besides traditional null-hypothesis significance testing, we
additionally drew on Bayesian statistics for a better interpre-
tation of nonsignificant results. We calculated nondirectional
Bayes factors (BF01) using the BayesFactor package Version
0.9.12-2 of the R software environment Version 3.3.2, with a
value of 1 as scale parameter for the prior distribution. BF01
was computed as f (data | H0) / f (data | H1), with f denoting
marginal likelihoods. We interpreted BF01 > 3 as evidence for
the null hypothesis and BF01 < 1/3 as evidence for the alter-
native hypothesis.1

Results and discussion

Acquisition phase

On average, participants responded 387 ms (SD = 114 ms)
after presentation of the face stimulus. Descriptively, the dis-
tribution of left (52.03%) and right (47.97%) key presses was
close to the instructed balanced distribution, even though the
statistical comparison indicated a small effect for this compar-
ison, t(23) = 2.19, p = .039, d = 0.45. We ensured that all
participants included in the analyses had experienced each

key-effect mapping in sufficient quantity (see Participants sec-
tion for the exclusion criterion).

Test phase

The mean error rate was 4.38% (SD = 3.32) for the congruent
and 4.17% (SD = 3.19) for the incongruent condition, and a
paired-samples t test indicated no significant difference be-
tween the two conditions, t(23) = 0.36, p = .723, d = 0.07,
BF01 = 5.99. RTs for correct responses did not differ between
the congruent (M = 448 ms, SD = 38.8) and the incongruent
condition (M = 444 ms, SD = 36.5), t(23) = 1.00, p = .328, d =
0.20, BF01 = 3.97 (see Fig. 2). Similarly, the repeated-
measures ANOVA including the neutral condition was non-
significant for both error rates and RTs (both Fs < 1; see
Table 1). When all participants were included in the analyses,
there were still no significant differences between conditions,
neither in error rates or RTs (ps ≥ .165) nor in the correspond-
ing repeated-measures ANOVAs (both Fs < 1).

To sum up, the results of Experiment 1a suggest that par-
ticipants’ behavior was not influenced by the congruency ma-
nipulation as implemented in the test phase. Moreover, the
analysis of BF01 provided clear evidence for the absence of
any congruency effect. The observed pattern of results is at
odds with the original observations of Sato and Itakura (2013),
especially when considering that the present design should
come with high power to detect the previously reported effect
size. In the light of these results, we ran Experiment 1b, which
featured face stimuli with eyes gazing toward the mouth re-
gion. This gaze direction might direct visual attention of the
participant to the mouth region of the face (see Langton &
Bruce, 1999), eventually boosting the build-up of intersubjec-
tive action–effect binding.

1 We thank the editor for stimulating these additional analyses.

Fig. 2 Mean response times (RT) for congruent and incongruent trials in
Experiments 1a, b, and 2. Error bars indicate the 95% confidence interval
of paired differences (CIPD) for the comparison of congruent and incon-
gruent RTs, calculated separately for each experiment (cf. Pfister &
Janczyk, 2013)
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Experiment 1b: Modified conceptual
replication

In Experiment 1b, we used the same face photographs of the
female individual fromExperiment 1a, but now the eyes of the
on-screen face were always gazing downward instead of
looking directly at the participant (see Appendix). By doing
so, visual attention of the participant was directed toward the
crucial action effect location, that is the mouth region of the
on-screen face (Langton & Bruce, 1999). Again, we expected
to observe reduced RTs in congruent trials, where prime-
associated and to-be-executed response matched, compared
with incongruent trials, where prime-associated and to-be-
executed response did not match.

Method

Participants

We tested 27 new participants who received either course
credits or monetary compensation for participation. The data
of two participants were excluded from analysis due to ex-
treme deviation from the instructed balanced distribution of
left and right key presses during acquisition (see Participants
section of Experiment 1a for details regarding the exclusion
criterion). Another participant was excluded from analysis due
to extremely high average RTs (> sample mean + 2 SDs). Data
of the remaining 24 participants were analyzed (mean age =
25.8 years, age range: 19–49 years, 16 women, three left-
handers). Participants were naïve with respect to the purpose
of the experiment and gave written informed consent before
completing the study.

Apparatus, stimuli, and procedure

Technical equipment and procedure were identical to
Experiment 1a. The only difference was the stimulus material
used: While eye gaze was always directed toward the

participants in Experiment 1a, the eyes of the face were always
looking downward in Experiment 1b (see Appendix).

Design and analysis

Design and analyses were identical to Experiment 1a.

Results and discussion

Acquisition phase

On average, participants responded 325 ms (SD = 91ms) after
presentation of the face stimulus. Descriptively, the distribu-
tion of left (51.74%) and right (48.26%) key presses was close
to the instructed balanced distribution, even though the statis-
tical comparison, t(23) = 2.39, p = .025, d = 0.49, indicated
nonequality. However, by excluding participants with extreme
deviations from balanced distribution (see Participants section
of Experiment 1a for the exclusion criterion), we ensured that
each key-effect mapping was experienced sufficiently often.

Test phase

The mean error rate amounted to 4.17% (SD = 3.27) for con-
gruent and to 3.33% (SD = 3.51) for incongruent conditions, and
a t test indicated no significant difference between conditions,
t(23) = 1.07, p = .295, d= 0.22, BF01 = 3.71. Response times did
not differ between the congruent (M = 447 ms, SD = 32.4) and
the incongruent condition (M = 451 ms, SD = 34.5) either, t(23)
= 0.93, p = .362, d = 0.19, BF01 = 4.22 (see Fig. 2). Likewise,
the repeated-measures ANOVA did not yield any significant
results for error rates or RTs (both Fs < 1; see Table 1).
Including all participants into analyses again did not yield any
significant differences between conditions with respect to errors
rates and RTs (ps ≥ .192), as well as with respect to the corre-
sponding repeated-measures ANOVAs (both Fs < 1).

These results mirrored the findings of Experiment 1a by
showing no evidence for action–effect learning despite using
stimuli with the potential to support a shift of attention toward

Table 1 Mean response times (RTs) and error rates for Experiments 1a, b, and 2

Congruency Experiment 1a Experiment 1b Experiment 2

M SD M SD M SD

RTs (ms) Congruent 448 38.8 447 32.4 462 56.2

Incongruent 444 36.5 451 34.5 461 57.0

Neutral 449 48.3 450 31.7 460 57.0

Error rates (%) Congruent 4.38 3.32 4.17 3.27 2.92 4.21

Incongruent 4.17 3.19 3.33 3.51 2.62 3.78

Neutral 3.85 3.68 3.54 4.42 4.27 3.57

Note.Mean (M) and standard deviation (SD) are depicted for RTs and error rates of congruent, incongruent, and neutral trials in Experiments 1a, b, and 2
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the mouth region. In light of the procedural differences be-
tween the present Experiment 1 and the original design of Sato
and Itakura (2013; see Procedure section of Experiment 1a for
details regarding the differences), we therefore opted to con-
duct a direct replication.

As described in the Method section, Experiments 1a–b in-
cluded a short blank screen between action and effect, whereas
the target face was presented on the screen throughout this
delay in the original study. At first sight, this aspect of the
procedure might suggest that our failure to replicate the orig-
inal findings was due to change blindness (e.g., Pashler, 1988;
Wilford & Wells, 2010). Change blindness occurs when a
blank screen separates two flickering images in a change-
detection task, and it becomes apparent in terms of reduced
change-detection accuracy, especially at short interstimulus
intervals. However, some important aspects make it unlikely
that change blindness occurred in the present design. Pashler
(1988) used pure white or black-and-white checkerboard
squares (mask condition) as opposed to a black display (no-
mask condition). Given this definition, the blank interval in
our design rather resembles the no-mask (instead of the mask)
condition of the Pashler (1988) study. In combination with the
short interstimulus interval in our design (50 ms), our design is
comparable with the experimental condition in which Pashler
actually observed best change-detection performance.
Furthermore, change blindness predominantly occurs for un-
expected changes and is reduced for items that receive prefer-
ential attention within a visual composition (see Simons &
Rensink, 2005, for a review). Given that the mouth is an
important and preferentially attended feature within a face,
and that the action-contingent change in our study predictably
occurred at the mouth region, we are confident that partici-
pants in our study were able to perceive the change and
consider it unlikely that change blindness was a confounding
factor. Still, in order to parallelize this aspect of the design
with the original procedure, we removed the blank interval
in Experiment 2 in order to control for a potential confound
and to replicate every minute detail of the original Sato and
Itakura (2013) study.

Experiment 2: Direct replication

Experiment 2 was a close, preregistered replication of Sato
and Itakura’s (2013) Experiment 1 that adhered to minute
details of the original setup and employed the original
stimulus material.2

Method

Participants

Another 24 healthy participants were recruited and received
monetary compensation for participation (mean age 29.3
years, age range: 20–66 years, 18 women, three left-handers).
For one participant, the proportion of left and right key presses
(31.44% left vs. 68.56% right) exceeded the range of tolerance
as defined in Experiments 1a–b. Because the original study
did not report any exclusion criteria due to an unbalanced
proportion of key presses during acquisition, we included all
participants into the analysis. Participants were naïve with
respect to the purpose of the experiment and gave written
informed consent before completing the study.

Apparatus and stimuli

Stimuli were presented on a 24-in. monitor (refresh rate: 100
Hz, spatial resolution: 1,920 × 1,080 pixels), and participants
responded by using a left and right response key with their left
and right index fingers on a standard computer keyboard. The
stimulus material was identical to the one used in Sato and
Itakura (2013). Stimuli were four photographs (6.9° × 4.5°) of
a single, forward-facing female individual with eyes directed
at the observer. The faces were cropped with an oval shape,
removing all surrounding features. The stimuli only differed
with respect to the mouth gestures depicting either a closed
mouth, lip protrusion, tongue protrusion, or cheeks puffing. In
Experiment 2, the size of the target stimuli amounted to 0.8 cm
× 0.8 cm for B⁎,^ and to 1.0 cm × 0.8 cm for B#.^

Procedure, design, and analysis

The procedure of the following experiment matched the pro-
cedure of Sato and Itakura’s (2013) Experiment 1, with the
only exception being that participants underwent a short prac-
tice phase consisting of four exemplary trials before the acqui-
sition phase started. Experiment 2 differed from Experiments
1a–b with respect to some minor timing aspects, while closely
mirroring the procedure as described in Sato and Itakura
(2013): While face presentation was interrupted in the acqui-
sition trials of Experiments 1a–b (see Fig. 1 and the Procedure
section of Experiment 1a for details), the face was constantly
presented during acquisition in Experiment 2.

To analyze the data, we first conducted the exact same
analysis as reported in Sato and Itakura’s (2013) study—that
is, paired-samples t tests for error rates and RTs, with all par-
ticipants included. In a second step, we then extended the
original analyses to match the procedure of Experiments 1a–
b. That is, we additionally conducted ANOVAs to also include
the neutral condition, and repeated both types of analyses
when excluding participants with an unbalanced proportion

2 We thank Atsushi Sato, who kindly provided the photographs from the
original study.
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of left and right key presses during acquisition. Note that Sato
and Itakura’s (2013) original study did not apply any outlier
corrections. We therefore did not perform any outlier correc-
tion for our initial analyses, but validated these results against
outlier-corrected analyses of the RTs by excluding RTs that
deviated more than 2.5 standard deviations from the corre-
sponding cell mean (computed separately for all participants
and conditions).

Results and discussion

Acquisition phase

Mean response time in the acquisition phase amounted to
706 ms (SD = 275.6 ms). The distribution of left (48.82%)
and right (51.18%) key presses was close to the instructed
balanced distribution, t(23) = 1.38, p = .182, d = 0.28.

Test phase

The mean error rate amounted to 2.92% (SD = 4.21) for
the congruent and to 2.62% (SD = 3.78) for the incon-
gruent condition. A paired-samples t test indicated no
significant differences between the two conditions,
t(23) = 0.34, p = .737, d = 0.07, BF01 = 6.03. The
analysis of RTs for correct responses did not yield any
significant differences between the congruent (M = 462
ms, SD = 56.2) and incongruent condition (M = 461
ms, SD = 57.0), t(23) = 0.29, p = .775, d = 0.06,
BF01 = 6.12 (see Fig. 2). The repeated-measures
ANOVA including the neutral condition as an additional
factor level was nonsignificant for both error rates, F(2,
46) = 1.87, p = .166, ƞp2 = .08, and RTs (F < 1; see
Table 1). Note that the pattern of results did not change
when omitting the data from the participant with unbal-
anced left and right key presses in the acquisition phase
(see Participants section for details). When excluding
this participant, we did not observe significant differ-
ences between conditions with respect to errors rates,
t(22) = 0.22, p = .827, d = 0.05, BF01 = 6.11, and
RTs, t(22) = 0.57, p = .575, d = 0.12, BF01 = 5.35.
The corresponding repeated-measures ANOVAs also did
not yield any significant effects for error rates, F(2, 44)
= 1.99, p = .149, ƞp

2 = .08, and RTs (F < 1).
Applying an outlier correction to the RT data of correct

responses did not change the overall result pattern. The
paired-samples t test showed that RTs did not significantly
differ between the congruent (M = 455 ms, SD = 53.7) and
incongruent condition (M = 452 ms, SD = 53.7), t(23) = 1.02,
p = .319, d = 0.21, BF01 = 3.89, and also the repeated-
measures ANOVAyielded nonsignificant results (F < 1).

Between-experiments analysis

To assess evidence for action–effect learning across the
full set of experiments, we conducted a pooled analysis
running a two-way split-plot ANOVA, with congruency
(congruent vs. incongruent) as a within-subjects factor
and experiment (1a vs. 1b vs. 2) as between-subjects
factor for RTs of the test phase. On average, participants
responded within 452 ms (SD = 5.1) in the congruent
condition, and within 452 ms (SD = 5.2) in the incon-
gruent condition, yielding a nonsignificant effect of con-
gruency (F < 1).3 RTs were not significantly different
between experiments (F < 1). The interaction was not
significant, F(1, 69) = 1.04, p = .360, ƞp

2 = .03.
Pooling the data of all three experiments resulted in a
congruency effect of 0.35 ms (calculated as the differ-
ence between the congruent and the incongruent condi-
tion) with a 95% CI of [−4.32, 5.02]. This corresponded
to a Cohen’s dz of dz = 0.02, with a 95% CI for stan-
dardized means of [−0.21, 0.25] and a BF of 10.67. The
data of the three experiments combined thus clearly
suggest a negligible effect size for the congruency effect
as a measure of action–effect retrieval in the present
design, whereas the Bayes factor indicates strong sup-
port in favor of the null hypothesis.

General discussion

The present experiments revisited action–effect learning
for sociomotor actions—that is, actions that aim at trig-
gering predictable responses of a social partner (Kunde
et al., 2018). In particular, we employed a study design
proposed by Sato and Itakura (2013) that had previously
yielded evidence for eye contact as a social moderator
of action–effect learning when participants’ key-press
actions triggered contingent changes of the mouth ges-
ture displayed by a face stimulus.

Whereas the original study had been conducted in
Japan, and thus used stimulus pictures of an Asian fe-
male face, we used a Caucasian female face as a stim-
ulus along with a German sample for two conceptual
replications. Experiment 1a aimed at replicating evi-
dence for intersubjective action–effect learning when
eyes were directed at the participant (i.e., Experiment
1 of the original study), whereas Experiment 1b aimed
at testing whether action–effect learning for social ac-
tion effects occurs when the participants’ attention is
directed toward the location of the action effect by a

3 Note that the pooled analysis comes with a power of 1 − β > .95 even for
effects of half the magnitude that was reported in the original study (dz = 1.00
↔ dz/2 = 0.50).
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corresponding gaze of the face stimulus. In both exper-
iments, we did not find any evidence for the buildup of
action–effect associations as measured in error rates and
response times. To rule out that our nonsignificant re-
sults can be tracked back to our stimulus material,
Experiment 2 featured a direct replication of Sato and
Itakura’s (2013) Experiment 1, but with Caucasian in-
stead of Asian participants. This experiment also provid-
ed no evidence for action–effect learning. Using
Bayesian statistics, we found substantial evidence in fa-
vor of the null hypothesis. Moreover, pooling the data
of all three experiments revealed that the numerical dif-
ference between the congruent and incongruent condi-
tion was smaller than 1 ms, yielding strong support in
favor of the null hypothesis.

Our findings indicate that action–effect learning as studied
by Sato and Itakura’s (2013) paradigm does not necessarily
generalize to other samples of participants. What could be the
reasons for the marked differences between the two sets of
findings? We suggest that two accounts seem plausible and
require further empirical elaboration. First, it could be that
both findings—the present null effect and the sizeable effect
of the original study—are reliable. According to this view, the
difference in results would point to manifest cultural differ-
ences between the samples. Second, based on five reported
null effects in the literature (the present three experiments as
well as Experiments 2 and 3 of the original study), it might be
the case that the significant effect observed in Sato and
Itakura’s (2013) Experiment 1 represents a statistical Type I
error. This would suggest that the experimental paradigm as
applied in the present experiments and in Sato and Itakura’s
(2013) experiments might not be suitable to study action–
effect learning. In the following, we will discuss both possi-
bilities, starting with the latter proposal.4

When assuming that the present experimental design
is unsuited to study action–effect learning, the consistent
lack of between-condition differences begs the question
of whether action–effect learning between key-press ac-
tions and following social effects did not take place at
all, or whether learning did occur but failed to show in
the test phase (Pfister, 2019; Pfister, Kiesel, &
Hoffmann, 2011). Critically examining the experimental
design seems to locate the issue in the test phase of the
original design by Sato and Itakura (2013), especially
because of how congruency between target and effect-
associated actions was manipulated. More precisely, a
task-irrelevant face stimulus preceded the target stimulus

in the test phase, which, according to common ideomo-
tor logic, should prime the associated responses if this
facial expression had been triggered by a specific action
during the acquisition phase. This within-subjects ma-
nipulation is clearly different from many other acquisi-
tion-phase/test-phase designs (e.g., Elsner & Hommel,
2001), where congruency is typically manipulated be-
tween subjects. Such acquisition-phase/test-phase de-
signs often entail that participants respond either in an
acquisition-consistent or in an acquisition-inconsistent
mapping to the effect stimuli of the preceding acquisi-
tion phase, requiring to attend to the previous effect
stimuli (see also Beckers, De Houwer, & Eelen, 2002;
Hoffmann et al., 2009). The use of task-irrelevant
primes in within designs, by contrast, likely reduces
the chance of the prime stimuli to retrieve the associat-
ed action, as participants do not necessarily have to
attend to the prime. In addition, primes differed only
subtly from each other in the stimulus set of the present
Experiments 1a–b as well as in the original stimulus set
of Sato and Itakura’s (2013) study (e.g., compare lip
protrusion with cheeks puffing; see Appendix for the
stimuli used in Experiment 1a–b, and see Sato &
Itakura, 2013, for the stimuli used in Experiment 2).
Thus, if participants did not fully attend to the prime
stimuli, these subtle differences between primes may not
have been recognized, and strong congruency effects
may have been precluded. Furthermore, the procedure
came with a fixed stimulus-onset asynchrony of
300 ms between prime and target. Even though the time
course of response activation due to irrelevant effect
primes is not known, it seems possible that activation
had already decayed by the time the participants began
to plan their response to the target (for positive results
with an interval of less than 100 ms between prime and
target onset, see Kunde, 2004). Increasing the discrimi-
nability of the prime stimuli and presenting primes in
closer temporal proximity to the target might thus be a
promising way to adjust the proposed within-subjects
design (Eder, Rothermund, De Houwer, & Hommel,
2015; Elsner & Hommel, 2004; Müller, 2016; Müller
& Jung, 2018; Wolfensteller & Ruge, 2011). But note
that the abovementioned limitations are not due to the
use of social face stimuli as primes. We rather believe
that the failure to find evidence for action–effect learn-
ing could represent limitations inherent to the design
irrespective of a social (vs. nonsocial) context.

In contrast to the interpretation discussed so far, the
difference between the present findings and the findings
of Sato and Itakura (2013) could also reflect cultural
influences, as predominantly individualistic societies
(e.g., German culture) and predominantly collective so-
cieties (e.g., Japanese culture) have been shown to differ

4 A third tangible interpretation could even suggest that the phenomenon of
action–effect learning does not exist for sociomotor actions. We consider this
possibility is unlikely due to the robust evidence from different experimental
paradigms that has been reported across a range of independent groups (e.g.,
Flach et al., 2010; Herwig & Horstmann, 2011; Kunde et al., 2011; Müller,
2016; Pfister et al., 2013).
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qualitatively in a vast range of cognitive processes and
processing styles (Markus & Kitayama, 1991; Nisbett,
2004; Way & Lieberman, 2010). Most relevant for the
present discussion, several studies suggest that Japanese
culture is different from Western European/North
American culture with respect to gaze behavior, gaze
processing, and eye contact. For instance, maintaining
eye contact during conversation is perceived as attentive
and polite in Western culture, while gaze avoidance re-
flects respectful behavior in Eastern cultures (Argyle,
Henderson, Bond, Iizuka, & Contarello, 1986).
Additionally, several studies suggest cultural differences
in eye movements during the processing of faces where-
by Western Caucasian participants predominantly fixated
the eye region, together with frequent fixations on the
mouth region, showing a triangular fixation pattern. In
contrast, the fixation pattern of East Asian participants
was biased toward the central face region around the
nose, thereby avoiding direct eye contact with the face
image (e.g., Blais, Jack, Scheepers, Fiset, & Caldara,
2008). These findings suggest that direct gaze might
have a strong and lasting impact on East Asian
participants, whereas Western participants might not be
as sensitive to this social cue. In line with this
speculation, Senju et al. (2013) reported a stronger ten-
dency for gaze following behavior in Japanese partici-
pants as compared with British participants. However,
Senju et al. (2013) also studied gaze behavior in
British and Japanese participants when observing dy-
namic avatar faces and found Japanese participants to
fixate on the eye region more often than British partic-
ipants, which contradicts the presumed tendency of East
Asians to fixate the face center as reported previously
(Blais et al., 2008). A similar increased focus on the
eye region in East Asian participants was also identified
by Jack, Blais, Scheepers, Schyns, and Caldara (2009).
In sum, previous studies provided mixed evidence for
the hypothesis that Japanese individuals are more sensi-
tive to eye contact than Western individuals are. Based
on the heterogeneity of the present database, we believe
that further work is needed to corroborate any possible
effects of culture on the processing of social action ef-
fects. Such further work would be especially informa-
tive if it measured eye movements and fixation patterns
in the presented experimental design to compare these
measures between participants from diverging cultural
backgrounds.

It is noteworthy that our samples and the sample of
the original study differed with respect to response
speed during acquisition. In Experiments 1a and 1b,
our participants responded after 356 ms, as opposed to

roughly 1 second in the original study. This difference
might be attributed to differences in trial timing, since
the acquisition phase in our experiments included a fix-
ation period and an intertrial interval, whereas the se-
quence of trials was a continuous process in the original
study. Thus, the slower RTs in the original study might
reflect the time necessary to process the preceding trial.
This process has likely taken place during intertrial in-
terval and fixation in our Experiments 1a–b, allowing
for faster responses. In Experiment 2, where we imple-
mented the same trial timing as in the original study, we
still observed faster response times (706 ms) in the ac-
quisition phase as compared with the original study.
Please note, however, that during the test phase, both
the German and the Japanese sample responded at near-
ly the same speed (approx. 450 ms). This is important
because meaningful test phase differences in RTs be-
tween both samples could have affected the retrieval
of action–effect associations differently.

Conclusion

In three experiments, we did not observe any evidence
of action–effect learning in a social context using a
design that followed the suggestions of Sato and
Itakura (2013). The question of whether the diverging
results of the present experiments and the original study
point towards a Type I error in the original work, or
whether this difference could point toward cultural dif-
ferences, remains to be explored in future work. At the
same time, we believe that following the general ap-
proach of Sato and Itakura’s work—the dedicated study
of peculiarities of social action effects relative to action
effects in the inanimate environment—is a highly prom-
ising avenue to further inform our understanding of
sociomotor actions.
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