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Saccadic eye movements do not trigger a joint Simon effect
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Abstract
Although the joint Simon task (JST) has been investigated for more than a decade, its cause is still unclear. According to
ideomotor views of action control, action effects are a commonly cited explanation. However, action effects are usually con-
founded with the actions producing such effects. We combined a JST with eye tracking and asked participants to respond by
performing specific saccades. Saccades were followed by visual feedback (central vs. lateral feedback), serving as the action
effect. This arrangement allowed us to isolate actions from action effects and, also to prevent each actor from seeing the reciprocal
actions of the other actor. In this saccadic JST, we found a significant compatibility effect in the individual setting. The typical
enhanced compatibility effect in the joint setting of the JST was absent with central action feedback and even when lateralized
visual action feedback was provided. Our findings suggest that the perception of action effects alone might not be sufficient to
modulate compatibility effects for eye movements. The presence of a compatibility effect in the individual setting shows the
specific requirements of a saccadic compatibility task – the requirement to perform prosaccades to compatible and antisaccades to
incompatible target locations. The lack of a difference between compatibility effects in joint and individual settings and the lack
of a modulation of the compatibility effect through lateralized visual action feedback shows that the finding of a joint Simon
effect that has frequently been reported for manual responses is absent for saccadic responses.
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Introduction

In order to achieve our own goals in everyday life, it is crucial
to flexibly control and adapt our behavior to other people’s
actions. The joint Simon task is an experimental paradigm that
has been developed to gain insights into the cognitive

mechanisms underlying joint action. The joint Simon task is
a specific variant of the standard Simon task (Simon, 1990;
Simon, Hinrichs, & Craft, 1970). In the standard Simon task
two spatially defined responses (e.g., left or right key-presses)
are made to two different non-spatial form attributes of the
stimulus (e.g., square or diamond) presented to the left or right
side of a computer screen (Liepelt, Wenke, Fischer, & Prinz,
2011; Liepelt, Wenke, & Fischer, 2013; Sebanz, Knoblich, &
Prinz, 2003). Even when the spatial location of the stimulus is
irrelevant in the Simon task, responses are typically faster
under spatial stimulus-response compatibility than incompat-
ibility (De Jong, Liang, & Lauber, 1994; Kornblum,
Hasbroucq, & Osman, 1990; Simon & Rudell, 1967).
Sebanz et al. (2003) transferred the Simon task to an individ-
ual (go/nogo) setting, in which one laterally located individual
responds to only half of the task (e.g., only to square, but not
to diamond). This led to the disappearance of the Simon effect
since no spatial (left-right) response dimension was present
that could be activated by a spatially corresponding stimulus
(Ansorge & Wühr, 2004; Liepelt et al., 2011). In a third con-
dition, Sebanz et al. (2003) showed that the Simon effect
reappeared when a co-actor performed the complementary
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part of the Simon task (e.g., Person A responds to square and
Person B responds to diamond), thus called the social Simon
effect or joint Simon effect. The joint Simon effect is ex-
plained by the action co-representation account (Sebanz
et al., 2003). According to this account, an actor in the joint
Simon task integrates the co-actor’s action in his/her own
action plan (action co-representation) in a functionally similar
way to his/her own alternative action in the standard Simon
task. Co-representation of the other person’s actions
reintroduces spatial response codes and hence a matching of
spatial stimulus-response codes (De Jong et al., 1994).
Although in the past years this account has earned much con-
sensus, the concept of action co-representation fails to accom-
modate recent results (i.e., Dolk et al., 2014). These studies
show that the joint Simon effect can be introduced in an indi-
vidual (go/nogo) setting when adding an event-producing ob-
ject (Dolk, Hommel, Prinz, & Liepelt, 2013; Puffe, Dittrich, &
Klauer, 2017), an animated wooden hand (Müller et al., 2011;
Stenzel & Liepelt, 2016), or a responding robot (Stenzel et al.,
2012) to the setup instead of another human co-actor. Based
on these findings an alternative framework also grounded in
ideomotor theory (Prinz, 1997) and the theory of event coding
(TEC; Hommel, 2009, p. 200) – the referential coding account
(Dolk et al., 2013) was proposed. As opposed to the action co-
representation account that assumes the co-activated action of
the co-actor to be the key factor for the joint Simon effect,
referential coding assumes perceived or imagined action ef-
fects to be the key underlying the joint Simon effect.
According to the ideomotor theory and TEC, actions are cog-
nitively represented in terms of their sensory consequences
(action effects). Hence, perception and action are represented
by the same kind of perceptual codes. Perceiving or predicting
action consequences does, therefore, invoke the correspond-
ing action plan. Following this rationale, the referential coding
account claims that the perception of different kinds of action
consequences (e.g., the click sound of a response-button, the
movement of a finger, etc.) produced by a co-actor can acti-
vate the same kind of action plans in the perceiving actor
regardless of whom or what produces these event codes.
Action effects are, thus, thought to be the key factors that
produce an action discrimination problem underlying the spa-
tial compatibility effect. In the typical joint Simon task actors
and co-actor’s actions produce very similar, if not equal, ac-
tion effects (sound of the button press, movement necessary to
provide a response, etc.). The simultaneous activation of own
and others’ action codes that share common action features
generates an action discrimination problem for the actor. The
resolution of this discrimination problem is realized by a re-
coding of one’s own action in reference to other external
events – referential coding (see Dittrich, Rothe, & Klauer,
2012; Dolk et al., 2013). Action re-coding is enabled by a
stronger weighting of task features (Memelink & Hommel,
2013) that discriminate best in a given task context, which in

the joint Simon task is typically (but not uniquely) spatial
location. A stronger weighting of the actor’s own action cod-
ing in terms of left or right codes produces matching of spatial
stimulus-response codes, and hence the joint Simon effect.

Although several recent studies have discussed the impor-
tance of action effects for the joint Simon task (Dolk et al.,
2013; Kiernan, Ray, & Welsh, 2012; Sellaro, Dolk, Colzato,
Liepelt, & Hommel, 2015; see also Pfister, Pfeuffer, & Kunde,
2014), it is still unclear whether action effects are the repre-
sentational level underlying the joint Simon effect and how
the causal relation between actions, their corresponding ef-
fects, and its features may constitute this effect. The reason
for this is that most studies testing the joint Simon task used
manual responses, which typically confound actions with their
corresponding effects (e.g., sounds of manual key-presses).

A key study that aimed to resolve this issue had participants
respond with manual responses, but participants had to focus
on generating an action effect presented (e.g., illuminating a
light bulb) in the space contralateral to their response (Kiernan
et al., 2012; see also Hommel, 1993). The Kiernan et al.
(2012) study showed that inverse after-effects produced an
inverse compatibility effect in the joint Simon task, which
supports the functional role of action effects as assumed by
ideomotor theory (Prinz, 1990). In particular this study tested
the impact of the inverse after-effects in three task settings that
always involved manual responses: A standard two-choice
Simon task, a joint Simon task, and an individual (go/nogo)
Simon task. The study found inverse compatibility effects in
the standard two-choice Simon task and the joint Simon task.
In the individual (go/nogo) Simon task, the compatibility ef-
fect was fully absent. This mirrors the typical pattern of the
joint Simon task (e.g., Sebanz et al., 2003), also showing that
Simon (Hommel, 1993) and joint Simon effects (Kiernan
et al., 2012) invert the direction when participants are given
the instruction to focus on generating inverse after-effects (il-
luminating the light bulb on the contralateral side).

The use of eye tracking (Althoff & Cohen, 1999;
Biederman, Mezzanotte, & Rabinowitz, 1982; Deubel &
Schneider, 1996; Henderson, Weeks Jr., & Hollingworth,
1999; Kowler, Anderson, Dosher, & Blaser, 1995; Loftus &
Mackworth, 1978) may help to disentangle actions from cor-
responding action effects. Manual responses of a co-actor are
typically accompanied by visual and auditory effects that the
co-actor perceives. Compared to that action, effects produced
by a co-actor’s eye movements are much more subtle. When
placing both co-actors side-by-side, both heads fixed in two
chin wrests, so that both actors look in the same direction at
the screen, the direct perception of the other person’s saccade
(i.e., visual effects) is prevented. This setup can be used to
provide sensory action effects in a controlled way. Two recent
studies investigated the standard Simon effect using eye
movements (Buetti & Kerzel, 2010; Lugli, Baroni, Nicoletti,
& Umiltà, 2016). While Buetti and Kerzel (2010) tested the
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impact of the type of eye movement towards or away from a
target on manual response selection, Lugli et al. (2016)
showed that a clear Simon effect remained with saccadic eye
movements even when controlling for prosaccade-antisaccade
effects. Huestegge and Kreutzfeldt (2012) provided evidence
that previous findings of manual action control do generalize
to saccadic action control. Learned associations between spe-
cific saccades and corresponding action effects have been
shown to affect saccade control (Huestegge & Kreutzfeldt,
2012), extending the ideomotor view of action control
(Prinz, 1997) to saccadic responses. However, there is also
evidence suggesting that saccadic eye movements represent
a relatively unique output system (Lisi & Cavanagh, 2017)
with regard to the underlying spatial representational maps.
Lisi and Cavanagh (2017) compared object localization be-
tween saccades and hand movements. They showed that spa-
tial representations that guide saccadic targets seem to reflect
only recent and short-lived signals. Spatial representations
underlying hand movements include information of multiple
saccadic fixations integrating visual input over longer tempo-
ral intervals (Lisi & Cavanagh, 2017). While eye movements
are strictly retinotopic, hand movements can use multiple
frames of references (Chang & Snyder, 2010; for a detailed
discussion see Lisi & Cavanagh, 2017).

In the present study, we employed eye movements (saccad-
ic responses) to investigate whether visual action effects
caused by another person are sufficient to drive the joint
Simon effect. This question is crucial in understanding the
minimal requirements to trigger joint compatibility effects
and to possibly infer whether the presence of a perceivable
action effect is a mandatory factor to elicit the compatibility
effect. By doing this, the present study aims to test whether the
ideomotor view of action control (Prinz, 1997) that has been
put forward in almost all accounts of joint action control (Dolk
et al., 2013; Kiernan et al., 2012; Sebanz et al., 2003) can be
extended to saccadic responses. In order to address this issue,
we asked participants to perform a typical joint Simon task
with saccadic responses toward a specific point on the screen.
After the saccadic response, a visual feedback signal (central
or lateral feedback) was presented, which served as the action
effect. Via this manipulation, we aimed to test whether the
spatial compatibility effect can be triggered by the visual feed-
back. By manipulating the type of feedback (central vs. lateral
feedback), we aimed to test whether manipulating the degree
of feature overlap (Kornblum et al., 1990) between the stim-
ulus and the action effect modulates the spatial compatibility
effect.

If the ideomotor view of action control can be extended to
saccadic responses, we predict a spatial compatibility effect in
the joint Simon task (i.e., joint Simon effect) for saccadic
responses that is significantly increased as compared to the
individual (go/nogo) Simon task. Based on previous findings
showing evidence for (joint) action effect coding with manual

responses (Kiernan et al., 2012), we predict that the visual
feedback at the lateral target-point where actors ended their
saccades (spatial dimensional overlap) should lead to a larger
joint Simon effect, as compared to a condition where the feed-
back is presented at the center of the screen (no spatial dimen-
sional overlap). Both hypotheses rest on the assumption that
the ideomotor view of action control (Prinz, 1997) for joint
action (Dolk et al., 2013; Kiernan et al., 2012; Sebanz et al.,
2003) can be extended to saccadic responses.

Methods

Participants

As G*Power 3.1 (Faul, Erdfelder, Buchner, & Lang, 2009)
cannot do the power analyses for repeated-measures designs
with multiple within-subject factors, we matched the number
of participants to the study of Kiernan et al. (2012), testing the
role of action effects in the joint Simon task with manual
responses. Twenty right-handed participants (five male; mean
age 27.4 years; SD 6.5) took part in the experiment. All par-
ticipants had normal or corrected-to-normal vision.

Prior to the experiment, each participant provided
written informed consent to participate in the study. All
of the procedures were conducted in accordance with the
ethical guidelines of the local ethics committee of the
University of Muenster and the 1975 Declaration of
Helsinki. After the experiment, participants received
course credits.

Stimuli and apparatus

Participants were seated in a dimly lit room in front of a CRT
monitor (20 in.) with a refresh rate of 100 Hz and a resolution
of 1,600 x 1,200 pixels; participants were seated at a distance
~64 cm. Visual stimuli consisted of a white square and a white
diamond (1.9° x 1.9°) displayed on a black background (see
Fig. 1). Stimuli could either appear at the left or at the right
side (5.7°) of a centrally presented white dot that served as
fixation point. Two additional dots, placed in the center of the
square or the diamond, were presented at 5.7° on the left and
right side of the screen. The dots served as target-points for the
saccadic responses. Feedback for the saccadic responses
consisted of a schematic light bulb (horizontal: 5.0°, height:
8.0°) presented either on the left or right side of the screen or at
the center of the screen (see Fig. 1).

Stimuli were presented usingMatlab (TheMathWorks Inc.,
Natick, MA, USA) with Psychophysics Toolbox (Brainard,
1997; Kleiner et al., 2007; Pelli, 1997). Eye movements were
recorded by means of a head-mounted Eyelink II eyetracker
(SR Research Ltd., Mississauga, Ontario, Canada) with a
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sampling rate of 500 Hz. A HV9 calibration and drift correc-
tion were employed after every ten trials.

Design

We used a 2 (setting type: individual vs. joint) x 2 (feedback
type: central vs. lateral feedback) x 2 (Stimulus-Response
compatibility: compatible vs. incompatible) within-subjects
design.

Task and procedure

The experiment was subdivided in two setting types (individ-
ual and joint), which were performed on two consecutive
days. The order of settings was counterbalanced across partic-
ipants. Each setting comprised four blocks on one day. The
total number of eight blocks over 2 days resulted from the
combination of setting type (individual or joint) and feedback
type (central or lateral feedback). Within the same participant
the order of the feedbacks was kept constant across the 2 days.
The order of feedbacks was counter-balanced across partici-
pants. Prior to blocks 1 and 3, participants performed 24 train-
ing trials. Each block consisted of 96 trials uniformly distrib-
uted between compatible and incompatible conditions, which
were randomly selected on a trial-by-trial basis. The task (see
Fig. 1) consisted of a go-nogo version of the Simon task
(Liepelt et al., 2011; Sebanz et al., 2003), in which either a
square or a diamond was randomly presented to the left or to
the right side of the screen. Participants were given instruc-
tions to focus on generating after-effects (Hommel, 1993;
Kiernan et al., 2012). Participants were instructed to switch
on the central light (central feedback condition) or to switch
on the left light (lateralized feedback condition). In the indi-
vidual condition, the participant was seated alone on the left
side of the monitor and was asked to perform a left saccade

toward the left fixation point in order to switch on the left light
whenever the square stimulus appeared. Participants were ex-
plicitly required to initiate the saccade as quickly as possible
and to withhold the response when a diamond was presented.
In the joint setting, the whole set-up was kept identical to the
individual setting with only the addition of a confederate sit-
ting to the right side of the participant. In the joint setting, the
instructions were presented to the participant and the confed-
erate together. The confederate was asked to perform a sac-
cade to the right fixation point to switch on the light of the
right side whenever the diamond appeared. Although only the
participant’s saccades were recorded, the confederate wore an
eye-tracking device and pretended to perform the saccadic
action. In order to control the number and distribution of ac-
tion effects and errors, the confederate’s action effects were
automatically generated according to the mean quartile of la-
tencies obtained in a pre-test (compatible trials: 274, 328, 366,
547 ms; incompatible trials: 307, 355, 399, 596 ms).
Confederate’s errors were randomly included in five trials
per block.

At the beginning of each trial, according to the current
feedback condition, either a central light bulb (central
feedback condition) or two lateralized light bulbs
(lateralized feedback condition) were presented together
with the three dots (250 ms). Subsequently, one of the
two visual stimuli – either the square or a diamond –
was presented for 150 ms. The stimulus presentation was
followed by a response-time interval of 1,800 ms. In case
of a correct saccadic response, 50 ms after saccade onset
the respective light bulb turned yellow for 300 ms. For
the lateralized feedback condition, the left light bulb
turned on for participants who sat on the left side, and
the right light bulb turned on for the confederate who sat
on the right side. For the central feedback condition, only
the central light bulb turned on. In case of a wrong

Fig. 1 Schematic representation of two prototypical trials according to the feedback presentation (lateral feedback on the left and central feedback on the
right)
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response the word “Falsch” (German for “wrong”) was
presented for 300 ms. A constant inter-trial interval of
1,500 ms followed the feedback presentation.

Rating data

In order to investigate whether participants experienced the
feedback as a direct consequence of their saccadic response
(agency perception), we acquired rating data asking partici-
pants to what extent they were sure that they turned on the
light (action effect) and to what extent they were sure that they
committed an error in the individual setting. Both questions
were asked separately for both feedback types (central and
lateral feedback). Participants answered both ratings with a
5-point scale ranging from not at all (0) to fully (4). We also
included a joint agency perception rating. To acquire this,
participants were asked to rate to what extent they were sure
that they or the other persons turned on the light (action effect)
and to what extent they were sure that they or the other per-
sons committed an error in the joint setting. Both questions
were asked separately for both types of feedback (central and
lateral feedback). Participants answered these ratings on a 5-
point scale ranging from not at all (0) to fully (4).

Data analysis

Saccades were considered as correct when executed within a
time interval of 150–1,000 ms and when the amplitude was
equal or bigger than 2.5°. The 2.5° criterion was used to in-
clude as many data as possible, but at the same time to exclude
very small saccades without adding potential noise to the data.
To indicate that the results do not change as a function of
different amplitude thresholds, we also tested the data at dif-
ferent amplitude thresholds, namely: 3°, 3.5°, 4°, 4.5°, 5°, and
5.7° (please see Tables 5 and 6 in the Online Supplementary
Material). Trials that contained eye blinks occurring before
stimulus onset or automatic confederate’s errors were exclud-
ed from further analysis (for a summary of the average
percentage of correct trials per condition and the average
percentage of trials excluded due to eye blinks per condition
please see Tables 1 and 2). Saccade latencies of each condition
were then averaged and subjected to a 2 x 2 x 2 repeated-
measures ANOVA with factors: Compatibility (Compatible
and Incompatible), Setting (Individual and Joint) and

Feedback (Central and Lateralized). Right saccades were con-
sidered as errors and were analyzed in the same way.
Additionally, in order to quantify the amount of evidence in
favor of the null hypothesis, we adopted the Bayesian testing
approach. We estimated Bayes factors (Rouder, Morey,
Speckman, & Province, 2012) for all the models and com-
pared the models of interest. The analysis was performed by
means of the function anovaBF provided by the R package
Bayes factor v0.9.12–2 (Morey, Rouder, Jamil, & Morey,
2015). We adopted the Jeffrey-Zellner-Siow (JZS) priors with
three different r scaling factors: .5, .707, and 1 to test the
robustness of our results regardless of the prior (Schönbrodt,
Wagenmakers, Zehetleitner, & Perugini, 2015). We used the
default 10,000 iterations for the Monte-Carlo sampling and
participants were considered as a random factor.

Data processing was performed in Matlab (The
MathWorks Inc.) using custom-made routines. Statistical
analysis was performed in R (version 3.1.2). Analysis of the
agency ratings were performed with IBM SPSS Statistics
Version 25.

Results

The repeated-measures ANOVA revealed a main effect of
Compatibility (F(1,19) = 4.74, p < .05; general η2 = .02)
indicating that compatible responses (M = 345.4 ms) were
generally faster than incompatible responses (M = 356.5, see
Fig. 2). No main effect of Setting was observed (F(1,19) =
2.13, p = .16; general η2 = 0.0063). The main effect of
Feedbackwas not significant (F(1,19) = 3.65, p = .07; general
η2 = 0.014). None of the two-way interactions were significant
(Compatibility * Setting: F(1,19) = 0.84, p = .36; general η2 =
0.00075; Compatibility * Feedback: F(1,19) = 1.78, p = .2;
general η2 = 0.0016; Setting * Feedback: F(1,19) = 0.81, p =
.37; general η2 = 0.0011). No significant effect was observed
for the three-way interaction (Compatibility * Setting *
Feedback: F(1,19) = 0.16, p = .68; general η2 = 0.00008).
Error analysis (see Table 3) showed a main effect of
Compatibility (F(1,19) = 6.9, p < .05; general η2 = 0.07)
indicating that participants made more errors in the incompat-
ible condition as compared to the compatible condition. The
rest of the main effects and interactions revealed no significant
effects (p > .05). The results of the Bayesian analysis (detailed
results and comparison are reported in Table 4) show that

Table 1 Average percentage of correct trials per condition

Individual compatible Individual incompatible Joint compatible Joint incompatible

Central feedback 88.7% 88% 89.9% 88.5%

Lateral feedback 87.7% 86.2% 88.3% 88.3%
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regardless of the chosen scaling factor, the model that best
represents our data is the additive model Feedback +
Compatibility. We further compared the best model against
the relative interaction model Feedback * Compatibility and
observed that the additive model is at least three times more
likely than the interaction model, which according to Kass and
Raftery (1995) constitutes positive evidence in favor of the
additive model. We contrasted two additional models of inter-
est: Setting + Compatibility against Setting * Compatibility;
the additive model was at least three times more likely than the
interaction model. The Bayesian approach clearly pointed to
the same statistical outcome observed with the classic
frequentist ANOVA, but crucially it allowed us to test the
model that best represented our data. The additive models
were the models best representing our data, thus corroborating
the absence of interactions as indicated by the classic
ANOVA.

Rating data

To analyze if participants experienced their produced feed-
back (central and lateral feedback) as a direct consequence
of their saccadic responses (agency perception), participants
were asked (a) to indicate to what extent they were sure that
they turned on the light and (b) if they were sure that they
committed an error. The rating range was between 0Minimum

and 4 Maximum. Participants were quite confident that they
produced the action feedback showing a high rating score for
the central feedback condition (mean rating: 3.45) and the
lateral feedback condition (mean rating: 3.55). Participants
were also confident that they committed the errors in the cen-
tral feedback condition (mean rating: 3.35) and the lateral
feedback condition (mean rating: 3.45). Similarly, we tested
the joint agency perception (action effects and error ratings).
Regarding joint agency perception, participants were relative-
ly sure that they or their co-actor turned on the light showing
medium to high scores in their action feedback ratings (mean
rating for central feedback: 2.65 and mean rating for lateral
feedback: 2.65) and their error ratings (mean rating for central
feedback: 2.50 and mean rating for lateral feedback: 2.55).

Discussion

In the present study, we investigated whether, in the context of
a joint Simon task, action consequences – here visual feed-
back caused by a saccade – are sufficient to trigger a joint
spatial compatibility effect. Doing this, the study testedwheth-
er previous findings from joint action research (Kiernan et al.,
2012; Sebanz et al., 2003) based on the ideomotor view of
action control (Prinz, 1997) can be extended to saccadic re-
sponses. In order to address this question, we asked partici-
pants to perform an individual and a joint Simon task provid-
ing a saccadic response toward a point spatially located on the
screen. Crucially, saccadic responses prompted specific visual
feedback, appearing either in the center or laterally on the
screen. A general compatibility effect was observed in both
the individual and the joint condition. The finding of a spatial
compatibility effect in the individual condition was not sur-
prising given that the effect was induced by the type of re-
sponse required: Participants were, indeed, asked to perform a
left saccade regardless of the stimulus position. Thus, the na-
ture of the response triggered either a prosaccade for compat-
ible target locations or an antisaccade for incompatible target
locations (see Lugli et al., 2016, for similar results). As a
consequence, a compatibility effect in the individual condition
was an inherent and an expected result of our task. Critically,
as corroborated by the Bayesian analysis, we did not observe a
significant increase of the spatial compatibility effect in the
joint condition as compared to the individual condition. This
indicates that except for the spatial compatibility effectFig. 2 Mean latencies. Error bars represent standard error of the mean

Table 2 Average percentage of trials excluded due to eye blinks per condition

Individual compatible Individual incompatible Joint compatible Joint incompatible

Central feedback 3.8 % 3.2 % 1.5 % 0.4 %

Lateral feedback 4.5 % 3.9 % 0.3 % 0.2 %
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inherent to the response dynamic, the joint condition did not
elicit a joint Simon effect for saccades. Interestingly, the lack
of a significant increase in the joint condition as compared to
the individual condition suggests that neither the saccadic re-
sponses of a second person nor the corresponding action ef-
fects had any modulatory impact on the spatial compatibility
effect. This result is in line with Dolk et al. (2013), who sug-
gested that the “social component” in the joint Simon task
does not constitute an essential factor for triggering the com-
patibility effect, but might only acquire a modulatory role in
specific cases in which such a component is made salient
enough (e.g., cooperative situations) or task relevant. More
importantly, the relative location of action effects (central vs.
lateral feedback) does not seem to be sufficient to further
modulate the spatial compatibility effect. Even in the condi-
tion with a strong dimensional overlap between stimuli and
action effects (the lateral feedback presentation), feedback lo-
cation was unable to increase the spatial compatibility effect.
This was the case despite the fact that participants perceived
the feedback as a direct consequence of their own saccadic
responses, which was confirmed by the individual agency
rating data. However, seeing the feedback produced by the
confederate was not sufficient to trigger the same action-
related codes that govern the actor’s saccadic responses. The
joint agency rating data were indeed lower compared to the
individual agency ratings. This is what you would typically
expect when individuals experience more control over their
own actions than over shared actions related to another person

(Sahaï, Desantis, Grynszpan, Pacherie, & Berberian, 2019).
Furthermore, in the joint setting participants still believed that
either they or their co-actor produced the action effect, but
distributed agency perception between self and other.
Interestingly, the joint agency ratings were roughly the
same for the different feedback conditions (central vs.
lateral feedback), which mirrors the finding of no mod-
ulation of the compatibility effect by action feedback as
observed for saccadic responses. The reason for this
result might be twofold: On the one hand, participants
were unable to perceive any direct causal relationship
between the confederate’s action and its feedback
(Stenzel et al., 2014). Stenzel and colleagues showed
that preventing the perceivable causality between the
action and corresponding effects could destroy the joint
Simon effect. When precluding the direct perception of
the saccadic movement due to constraints of the given
task setup, the causal inference regarding actions and
produced action effects (i.e., the lighting bulb) was
purely based on the participant’s own experience and
on the belief, that the confederate acted in the same
manner. This might have not been strong enough to
affect the participant’s saccadic latencies. However,
based on our rating data, we consider this explanation
as rather unlikely for the given findings, as participants
showed evidence for joint agency perception. Therefore,
we would argue that the lacking modulation of compat-
ibility by action feedback might be specifically related

Table 4 Bayes factors (Bf) based on latencies for scale factors of r = [.5; .707; 1]. The ratio of the two models (e.g., M1/M2) indicates the degree of
evidence in favor of the additive model M1 over the interaction model M2. Percentages show errors of estimated Bfs

Bayes factors

Model (M) r=.5 r=.707 r=1

Feed + Compatibility (M1) 47.56217 ±1.81% 46.04737 ±1.26% 47.44353 ±1.74%

Feed + Compatibility + Feed * Compatibility (M2) 14.63838 ±2.66% 15.01949 ±4.31% 14.59564 ±3.41%

M1/M2 3.249141 ±3.22% 3.065842 ±4.49% 3.250527 ±3.83%

Setting + Compatibility (M3) 14.69816 ±1.8% 14.48857 ±1.42% 14.49748 ±1.61%

Setting + Compatibility + Setting * Compatibility (M4) 3.810813 ±2.97% 3.828016 ±2.64% 4.038219 ±6.68%

M3/M4 3.856962 ±3.48% 3.784878 ±3% 3.590067 ±6.87%

Table 3 Average of the number of errors (means and standard deviations) for each condition

Conditions Individual central Individual lateral Joint central Joint lateral

Compatible mean 0 0 0 0.5

Compatible SD 0 0 0 0.3

Incompatible mean 0.4 0.3 0.3 0.2

Incompatible SD 1 0.7 0.9 0.5
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to the eye-movement output system; even assuming that
the feedback could induce a conflict in the participant,
the ballistic character of saccades might not allow such
a fine influence on the latencies, especially given that
participants could not perceive the confederate’s saccad-
ic movements.

Taken together, the present findings suggest that the ideo-
motor view of action control (Prinz, 1997) that has been put
forward in almost all accounts of joint action research (Dolk
et al., 2013; Kiernan et al., 2012; Sebanz et al., 2003) cannot
be extended to saccadic responses. First, we did not find a
joint Simon effect for saccadic responses. Second, laterally
presented feedback that was given as action effects for the
saccadic responses did not further modulate the spatial com-
patibility effect. Our findings are in line with the findings of
Lisi and Cavanagh (2017) showing that saccadic responses
may be a special kind of output system in which spatial rep-
resentations might be more short lived than spatial represen-
tations underlying manual responses. As the joint Simon ef-
fect represents a spatial compatibility effect, this may explain
the observed absence of a joint Simon effect for saccadic
responses.

The compatibility effect we measured with saccadic re-
sponses is closely related to effects seen in antisaccade
tasks, in which participants are asked to withhold a saccade
to a suddenly appearing target and instead produce a sac-
cade in the opposite direction (Lugli et al., 2016). The
mechanisms assumed to underlie the antisaccade task and
the Simon task share a very similar rationale assuming the
parallel programming of two responses, the emergence of a
response conflict and an inhibitory mechanism (Lugli
et al., 2016). Thus, even when the effect we measured is
regarded as an antisaccade effect, our findings would indi-
cate that this effect is not modulated in a social context and
remains independent of the type of feedback given (central
vs. lateral).

A limitation of the present study is that we did not include a
manual control condition (Kiernan et al., 2012) that would
allow a more direct comparison of manual and saccadic re-
sponses within the same study. However, due to the length of
the saccadic experiment it would have been difficult to add a
further condition as a within-subject variable, so that even this
comparison would be between different sets of subjects. As
we did not find a modulation of spatial compatibility by action
feedback (central vs. lateral) for saccadic responses, future
studies may replace the manipulation of the action effect type
with a manipulation of output type.

To conclude, with the present study we were able to
show that the position of action effects caused by saccadic
responses does not constitute a sufficient factor to modu-
late the spatial compatibility effect in an eye-tracking ver-
sion of the joint Simon task. Our results speak against an
ideomotor view of saccadic action control for joint action,

which supports the assumption that saccades may be a
special kind of output system with respect to its underlying
spatial representations.
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