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Abstract Spatial compatibility effects (SCEs) are typically
observed when participants have to execute spatially defined
responses to nonspatial stimulus features (e.g., the color red
or green) that randomly appear to the left and the right.
Whereas a spatial correspondence of stimulus and response
features facilitates response execution, a noncorrespondence
impairs task performance. Interestingly, the SCE is drastical-
ly reduced when a single participant responds to one stimu-
lus feature (e.g., green) by operating only one response key
(individual go/no-go task), whereas a full-blown SCE is
observed when the task is distributed between two partici-
pants (joint go/no-go task). This joint SCE (a.k.a. the social
Simon effect) has previously been explained by action/task
co-representation, whereas alternative accounts ascribe joint
SCEs to spatial components inherent in joint go/no-go tasks
that allow participants to code their responses spatially.
Although increasing evidence supports the idea that spatial
rather than social aspects are responsible for joint SCEs
emerging, it is still unclear to which component(s) the spatial
coding refers to: the spatial orientation of response keys, the
spatial orientation of responding agents, or both. By varying
the spatial orientation of the responding agents (Exp. 1) and
of the response keys (Exp. 2), independent of the spatial
orientation of the stimuli, in the present study we found joint
SCEs only when both the seating and the response key
alignment matched the stimulus alignment. These results

provide evidence that spatial response coding refers not only
to the response key arrangement, but also to the—often
neglected—spatial orientation of the responding agents.

Keywords Simon effect . Action co-representation . Joint
action . Spatial compatibility task . Dimensional overlap .

Spatial response coding

Humans as social beings rarely carry out their tasks and
actions in isolation. Often they work together with or in the
context of other people. To accomplish this, mechanisms to
coordinate each others’ actions are required (for recent discus-
sions of prerequisites for joint action, see Knoblich, Butterfill,
& Sebanz, 2011; Prinz, 2012; Sebanz, Bekkering, &
Knoblich, 2006; Vesper, Butterfill, Knoblich, & Sebanz,
2010). Scrutinizing the underlying mechanisms of such com-
plex processes, in previous experimental approaches, cogni-
tive tasks have been developed that can be performed either
alone or together with another person (e.g., Atmaca, Sebanz,
& Knoblich, 2011; Atmaca, Sebanz, Prinz, & Knoblich, 2008;
Philipp & Prinz, 2010; Sebanz, Knoblich, & Prinz, 2003). The
most prominent of these cognitive tasks is a spatial compat-
ibility task, also known as the Simon task (Simon, 1969, 1990;
see Lu & Proctor, 1995, for an overview). In the standard,
forced two-choice Simon task, participants are asked to re-
spond to nonspatial stimulus features (e.g., red and green
stimuli) that randomly appear to the left and to the right by
pressing either one of two spatially aligned response keys
(e.g., the left key in response to green and the right key in
response to red). Even though the spatial location of the
stimulus is completely task-irrelevant, response execution is
impaired when the stimulus position and response side do not
correspond spatially (incompatible trials), relative to trials in
which both correspond spatially (compatible trials), a phe-
nomenon known as the spatial compatibility effect (SCE) or
Simon effect (see Hommel, 2011, for a review). Awell-known
account of SCEs is the dimensional overlap model of
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Kornblum, Hasbroucq, and Osman (1990; for other accounts
explaining SCEs, see De Jong, Liang, & Lauber, 1994; Eimer,
Hommel, & Prinz, 1995; Hommel, Müsseler, Aschersleben,
& Prinz, 2001; see Lu & Proctor, 1995, for an overview).
According to the dimensional overlap model, the features of
the stimulus (S) and response (R) dimension overlap when
they are similar (e.g., when both the stimuli and the response
keys are arranged on a left–right dimension, the spatial fea-
tures of the stimulus and the response dimension overlap).
When a stimulus with a spatial feature appears (e.g., a stimulus
pointing to the left), the dimensional overlap of spatial S–R
features leads to an automatic activation of a corresponding
spatial response (e.g., pressing the left key) that interferes with
the required response, in the case of incompatible trials.

To investigate the influence of acting together as opposed
to performing the Simon task alone, Sebanz et al. (2003)
introduced a new joint go/no-go task setting—the so-called
social Simon paradigm—by distributing the two response
alternatives across two participants (e.g., one participant
responded to red stimuli by pressing the left response key,
and the other participant responded to green stimuli by press-
ing the right response key). This experimental setting of joint
task performance elicited an SCE (a joint SCE, a.k.a. the
social Simon effect; Sebanz et al., 2003), which is particularly
surprising, given that SCEs are remarkably reduced or even
absent when participants respond to only one task-relevant
stimulus feature (e.g., only to red stimuli) by exclusively
operating either the left or the right response button in an
individual go/no-go task (Hommel, 1996a; Liepelt, Wenke,
Fischer, & Prinz, 2011; Shiu & Kornblum, 1999).1 On the
basis of these initial findings, Sebanz et al. (2003) considered
joint SCEs as evidence for action co-representation:
Following their account, participants not only form cognitive
representations of their own action, but also of the coactor’s
action. This assumption rests on the hypothesis that perceived,
other-generated actions and executed, self-generated actions
are represented in a functionally equivalent way (e.g.,
Hommel et al., 2001; Prinz, 1990, 1997); thus, not only the
actions themselves, but also the spatial dimension of the two
response alternatives, are assumed to be represented, leading
to an S–R overlap similar to that in forced two-choice tasks
(Sebanz et al., 2003). Meanwhile, a growing number of stud-
ies have supported Sebanz et al.’s (2003) results and their
assumption of action/task co-representation (see also
Kiernan, Ray, & Welsh, 2012; Sebanz, Knoblich, & Prinz,

2005; Welsh, Kiernan, Neyedli, Ray, Pratt, Potruff, & Weeks,
2013) by showing that joint SCEs are modulated by several
social factors; for example, the occurrence and size of joint
SCEs depended on whether participants performed the joint
go/no-go task with another intentional agent or with a com-
puter, puppet, or robot (e.g., Müller, Brass, Kühn, Tsai,
Nieuwboer, Dijksterhuis, & van Baaren, 2011; Stenzel,
Chinellato, Tirado Bou, del Pobil, Lappe, & Liepelt, 2012;
Tsai & Brass, 2007; Tsai, Kuo, Hung, & Tzeng, 2008).

Recently, however, an increasing number of studies have
challenged the idea of action/task co-representation by dem-
onstrating that joint SCEs can be elicited via social and non-
social events (e.g., by another agent or inanimate object;
Dittrich, Rothe, & Klauer, 2012; Dolk, Hommel, Colzato,
Schütz-Bosbach, Prinz, & Liepelt, 2011; Dolk, Hommel,
Prinz, & Liepelt, 2013; Dolk, Liepelt, Prinz, & Fiehler, 2013;
Guagnano, Rusconi, & Umiltà, 2010). To simplify matters, we
will term this approach the spatial-coding account in the
remainder of this article, although the ideas of spatial coding
formulated in previous works have focused on different as-
pects.2 In contrast to the social interpretation of joint SCEs, the
spatial-coding account ascribes joint SCEs to spatial compo-
nents inherent in joint go/no-go tasks that allow participants to
code their responses spatially, enabling the discrimination of
cognitive representations related to one’s own and to other-
generated actions, thereby ensuring proper task performance
(Dolk, Hommel, et al., 2013; Dolk, Liepelt, Villringer, Prinz, &
Ragert, 2012; Hommel, Colzato, & van denWildenberg, 2009;
Liepelt et al., 2011). Thus, it is assumed that, similar to forced
two-choice tasks, the spatial coding of responses leads to
overlapping spatial S–R features, explaining faster responses
in cases of S–R correspondence (compatible trials) and im-
paired performance in cases of S–R noncorrespondence (in-
compatible trials). Although increasing evidence is accruing
for the spatial-coding account, it is still unclear to which spatial
component the spatial coding refers to, as joint go/no-go tasks
consist of at least two distinct spatial components—the spatial
orientation of the response keys, and the spatial orientation of
the coacting participants—that might influence the spatial
coding of responses either independently or in conjunction.

In the present work, we aim to provide further empirical
evidence for the spatial-coding account as an alternative ex-
planation of joint SCEs, by specifying this account and by

1 To ease readability, we will discuss forced two-choice spatial compati-
bility tasks and (joint/individual) go/no-go spatial compatibility tasks as
“forced two-choice tasks” and “(joint/individual) go/no-go tasks,” al-
though we are aware that a number of forced two-choice and go/no-go
tasks that do not belong to the class of spatial compatibility tasks also exist.

2 Whereas the spatial response coding account proposed by Dittrich et al.
(2012) is concerned with rather basal (bottom-up) mechanisms (the task
set; e.g., the seating position is assumed to induce a specific coding of
responses), the referential coding account introduced by Dolk and col-
leagues (Dolk et al., 2011; Dolk, Hommel, et al., 2013) focuses on more
global mechanisms (spatial response coding is induced to discriminate
between action alternatives). Therefore, the accounts are compatible and
complementary to each other, but focus on rather different aspects.
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identifying the spatial component(s) influencing response
coding. This appears particularly relevant because several
studies supporting the spatial-coding account have examined
SCEs only in individual go/no-go tasks (e.g., Dittrich et al.,
2012, Exp. 1; Dolk et al., 2011, Exp. 3; Dolk, Hommel, et al.,
2013). By using a horizontal version (left–right alignment of
the stimuli and response keys) and a vertical version (top–
bottom alignment of the stimuli and response keys) of a joint
go/no-go task, Dittrich et al. (2012) provided evidence for the
spatial-coding account in joint action. Although they found
SCEs for both versions in forced two-choice conditions, no
joint SCE was apparent when participants sat to the left and
right of each other and responded to vertically aligned stimuli
with vertically arranged response keys. However, joint SCEs
were observed in the horizontal version of a joint go/no-go
task in which the stimuli, response keys, and seating arrange-
ment were horizontally aligned. In contrast to the action/task
co-representation account, which predicts joint SCEs in any
condition in which an equivalent forced two-choice condition
would reveal SCEs, a spatial-coding account can explain the
observed result pattern: The horizontal seating alignment led
participants to code their responses as left or right, but these
response codes did not match with the vertical stimulus ar-
rangement in the vertical version of the task.

Dittrich et al.’s (2012) results not only provided evidence
for the spatial-coding account in general, but they also sug-
gested that spatial response coding refers (also) to the spatial
relation of coacting participants. As several researchers devel-
oping and investigating the spatial-coding account have con-
centrated on the spatial relation of response keys or the spatial
relation of alternative action events (Dolk et al., 2011; Dolk,
Hommel, et al., 2013; Dolk, Liepelt, et al., 2013; but see
Guagnano et al., 2010), the spatial relation of participants is
an intriguing, so far often neglected, influencing factor on
spatial response coding and in turn on joint SCEs, that will
be further examined in the present work. Recent research
already suggests that the role of responding agents might be
a relevant factor for joint compatibility effects: Philipp and
Prinz (2010) asked participants to respond to the color of a
diamond that was placed on a task-irrelevant photo of the
participant’s face, a coacting friend’s face, or an unknown
face. Joint compatibility effects occurred along with faster
responses in trials in which the task-irrelevant photo displayed
the participants’ own face; these results were independent of
the specific response mode (participants responded to the
colors by either naming their own name, their friend’s name,
or by pressing the assigned response key). Philipp and Prinz
concluded that the responding agents, and not the specific
response mode, are what induce joint compatibility effects.
Even though Philipp and Prinz used a nonspatial task that is
not readily transferable to spatial compatibility tasks, their
results highlighted the role of the agents for the occurrence

and modulation of joint compatibility effects that might also
play a significant role for the occurrence of joint SCEs (see also
Hommel et al., 2009; Liepelt,Wenke, & Fischer, 2013;Wenke,
Atmaca, Holländer, Liepelt, Baess, & Prinz, 2011).

Based on this accumulative evidence, spatial response cod-
ing might not only refer to the spatial alignment of the re-
sponse keys (RK) but also to the spatial alignment of coacting
agents (RA) as a second, often neglected aspect of the response
dimension in joint go/no-go tasks. However, since RA and RK
have so far been confounded in previous studies examining
joint SCEs (typically, both are horizontally aligned; e.g.,
Sebanz et al., 2003; Sebanz et al., 2005), it is still unknown
which spatial component (RA or/and RK) is the relevant one
that has to match with the spatial stimulus alignment (S) for
joint SCEs to occur. Theoretically, three possibilities can be
distinguished: First, it is possible that a spatial match of S and
RK is necessary for joint SCEs to occur; indicating joint SCEs
to be independent of RA. Second, S might have to match with
RA to obtain joint SCEs; in this case, joint SCEs would be
independent of RK. Third, it is possible that S, RA, and RK all
have to match to obtain joint SCEs.3 On the basis of the
existing results, only one possibility—the first one—can be
ruled out: Dittrich et al. (2012) avoided the confounding of RA
and RK by varying the dimensions not only horizontally, but
also vertically. As described above, they did not find joint
SCEs in a condition in which left and right sitting participants
had to respond to vertically aligned stimuli with vertically
aligned response keys in a joint go/no-go task (S = RK ≠ RA).

Taking the two remaining possibilities into account (S = RA ≠
RK; S = RA= RK) spatial response coding may refer to the nature
of the (spatial) relation of coacting participants, either exclusive-
ly, or in conjunction with spatial response key alignment. Two
experiments were conducted to provide further evidence for the
spatial-coding account as an alternative explanation of joint
SCEs by (a) verifying that spatial response coding does indeed
refer to the spatial relation of coacting participants (Exp. 1) and
by (b) scrutinizing to what extent spatial response coding is
determined by a conjunction of spatial features referring to keys
and seats (Exp. 2). If spatial response coding does refer to the
spatial relation of coacting participants (either exclusively or in
addition to the spatial relation of response keys), it should be
possible to obtain joint SCEs in a vertical spatial compatibility
task when not only RK (as in the experiment reported by Dittrich
et al., 2012) but also RA is vertically aligned (S = RK = RA; Exp.
1). Having confirmed this prediction, Experiment 2 investigated
the potential exclusiveness of RA for spatial response coding.

3 Note that, according to the dimensional overlap model (Kornblum et al.,
1990), a match of only RA and RK (RA=RK ≠ S) cannot be responsible for
joint SCEs because there is no possibility of a stimulus–response overlap,
and thus no SCEs are expected to occur.
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Specifically, it was examined whether spatial response coding
(and thus joint SCEs) is only based on RA or additionally on RK.

Experiment 1

Dittrich et al. (2012) found that joint SCEs were not observable
when the stimuli (S) and response keys (RK) were vertically
aligned while coacting participants (RA) sat next to each other
(i.e., horizontal seating alignment; S = RK ≠ RA). If joint SCEs
are based on spatial response coding referring to RA, it should
be possible to obtain joint SCEs with vertically arranged
stimuli if RA is also vertically aligned. To test this prediction,
we asked pairs of participants to perform a joint go/no-go task
with vertically aligned stimuli. Two between-subjects condi-
tions were implemented: In a first condition, participants sat
next to each other and responded to vertically aligned stimuli
with vertically arranged response keys (S = RK ≠ RA); we term
this condition the horizontal condition. In contrast to Dittrich
et al. (2012) who placed the response pad with vertically
arranged keys flat on the table, we put the response pad in an
upright position, which we presume to function as a stronger
cue for RK (or the features thereof) to be perceived vertically.
This was to enhance the chance for joint SCEs to emerge even
though agents’ seating alignment differs from the stimulus and
response key alignment. Thus, the experimental setup chosen
in this condition provided an even stronger test for the assump-
tion that spatial response coding refers to RA, relative to the
experimental setup used by Dittrich et al. (2012). The second
condition differed from the first condition only with regard to
the participants’ seating position, which was vertically aligned
(S = RK = RA); we term this condition the vertical condition. In
contrast to the horizontal condition, the vertical seating ar-
rangement should allow participants to code their responses
vertically, thereby leading to an overlap of the vertical stimulus
dimension and vertically coded responses, thus leading to a
joint SCE.

Method

Participants A group of 48 right-handed University-of-
Freiburg students (34 female, 14 male; mean age = 22.3 years,
SD = 3.1) with different majors participated for course credit
or as paid volunteers. All participants reported normal or
corrected-to-normal vision. They were randomly assigned to
either the horizontal or the vertical condition and participated
in same-gender pairs.

Materials and apparatus The stimuli were adapted from
those of Tsai, Kuo, Jing, Hung, and Tzeng (2006; see
Fig. 1): A white-framed upright rectangle (subtending a solid
angle of approximately 3.3º × 8.5º in width and height in terms
of visual angle) containing three unfilled white circles (a solid

angle of approximately 1.0º in radius and 0.5º in distance
between the circles) was presented vertically on a blue back-
ground in the center of the computer screen with 100-Hz
refresh rate during all blocks. The unfilled white circles were
presented in the upper, middle, or lower part of the rectangle.
Targets were either a red or a green filled circle replacing one
of the three unfilled white circles in each trial. In both the
vertical and horizontal condition, participants responded with
one single upright response pad consisting of two vertically
aligned response keys. The pad position varied depending on
condition: In the horizontal condition, the response pad was
placed in the middle of the table in front of the computer
screen; in the vertical condition, the response pad was posi-
tioned on the right side of both participants, equally distant
from each participant (see Fig. 1).4 All participants entered
their responses with their right index fingers.

Procedures Participants worked through two practice blocks
of 60 trials per block, to familiarize themselves with the task,
and four experimental blocks of 126 trials per block. Each trial
started with the presentation of the white rectangle and three
unfilled white circles for 400 ms, followed by the target circle
of either red or green color. The target circle remained visible
for 150 ms (3,000 ms in the first practice block) or until a
response was recorded.5 Reaction timewasmeasured from the
onset of the target display. Participants had a time period of
600 ms (3,000 ms in the first practice block) to respond.
Responses exceeding this time period were recorded as omis-
sions. The intertrial interval was 500 ms. Error feedback was
displayed for 500 ms when the response was false (“Fehler!”
[error!]) or too slow (“Zu langsam!” [too slow!]). The feed-
back appeared on the respective side of the participant who
made a false response (in the horizontal condition, the feed-
back appeared either on the left or right side of the upright
rectangle; in the vertical condition, the feedback appeared
either above or below the upright rectangle).

Participants in the horizontal condition were seated next to
each other in front of the computer screen. The upright key
pad was positioned in front of them (see Fig. 1, left panel). We
counterbalanced whether the left or the right participant had to
press the lower or the upper key, and also counterbalanced

4 We chose to place the response pad on the right side of the participants in
the vertical condition because we wanted participants to respond on the
same response pad; because participants sat in front of and behind one
another, it was impossible to place the response pad centrally. Note,
however, that according to the spatial-coding account, the lateral placement
of the response pad would, if anything, be expected to reduce the joint SCE
(because the perception of the response dimension as being vertical would
be blurred by the simultaneous activation of a left–right response dimen-
sion), instead of artificially increasing the effect. According to an account
of shared task representation, the placement of the response pad should not
have any effect.
5 To familiarize participants with the task, the timing in the first practice
block was slower than in the following practice and experimental blocks.
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whether the left or the right participant responded to red or green
circles. In the vertical condition, participants sat in front of and
behind one another. To emphasize the vertical alignment, the
chair for the “upper” participant sitting in the back was posi-
tioned on an elevated platform of approximately 40 cm in height
(see Fig. 1, right panel). The “upper” participant always
responded with the upper key, whereas the “lower” participant
reacted by pressing the lower key. Whether the “upper” or the
“lower” participant responded to red or green circles was
counterbalanced. All participants were instructed to respond
only to one color with the respective key press. To avoid the
instructions biasing participants’ response codings (e.g., Dittrich
& Klauer, 2012; Eder & Rothermund, 2008), words like “right”
and “left” or “upper” and “lower” were not mentioned during
the experiment. Instead, numbers (e.g., Participant 1 and
Participant 2, Response Key 1 and Response Key 2) were used.
The experiment lasted approximately 30 min.

Results

Trials were coded as compatible (stimulus–response correspon-
dence), incompatible (stimulus–response noncorrespondence),
and neutral (the imperative stimulus was presented in the mid-
dle), according to the spatial attribute of the target and the
required response.Mean response latencies and mean error rates
for compatible, incompatible, and neutral trials, as well as SCEs
(reaction time and error difference between incompatible and
compatible trials) are presented separately for both conditions

(vertical, horizontal) in Table 1. Response latencies and error
rates were submitted to 3 × 2 analyses of variance with the
within-subjects factor compatibility (compatible, incompatible,
neutral) and the between-subjects factor condition (vertical vs.
horizontal). For reaction time, analyses revealed a main effect of
compatibility, F(2, 92) = 39.94, p < .01, ηp

2 = .47, indicating
faster responses for compatible than for incompatible trials (see
Table 1 for details). As expected, joint SCEs differed between
conditions, as reflected by a significant interaction of compati-
bility and condition, F(2, 92) = 3.40, p = .04, ηp

2 = .07. Follow-
up t tests were conducted to interpret the two-way interaction of
compatibility and condition. As predicted, the joint SCEwas not
significant in the horizontal condition (t < 1), but the vertical
condition revealed a significant joint SCE, t(23) = 2.59, p = .02,
d = 0.53 (see Table 1).6 We observed no main effect of condi-
tion, indicating that both the vertical and the horizontal condition
did not differ in the overall reaction time, F < 1.

Analyses of the error rates revealed a main effect of compat-
ibility, F(2, 92) = 3.76, p = .03, ηp

2 = .08, indicating less errors
for compatible than for incompatible trials (see Table 1 for
details). However, follow-up t tests indicated that the joint
SCE was neither significant in the horizontal condition, t(23) =
1.49, p = .15, d = 0.30, nor in the vertical condition, t(23) = 2.01,
p = .06, d = 0.41 (see also Table 1). Furthermore, a significant
main effect of condition indicated that participants in the vertical
condition responded to all kinds of trials more accurately than
participants in the horizontal condition, F(1, 46) = 5.71, p = .02,

6 The effect size in the reported t tests shows Cohen’s (1969) d statistic.

Fig. 1 The experimental setup used in Experiment 1. Participants either performed the spatial compatibility task seated next to each other (horizontal
condition, left panel) or in front of and behind each other (vertical condition, right panel)
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ηp
2 = .11, whereas the interaction of compatibility and condition

was not significant in the error rates, F = 1.39.

Discussion

Our first experiment tested the prediction that joint SCEs are
based on spatial response coding referring to RA. This was
confirmed by the SCE observed in the reaction times of the
vertical condition, in which all dimensions were vertically
aligned (S = RK = RA). Replicating previous results (Dittrich
et al., 2012), the vertical alignment of response keys alone is
not sufficient to elicit joint SCEs in a joint vertical go/no-go
task as indicated by the nonsignificant joint SCE in the hori-
zontal condition (S = RK ≠ RA). Moreover, by placing the
response pad in an upright position, and thus emphasizing the
vertical orientation of RK more intensely than by placing the
pad flat on the table (see Dittrich et al., 2012), the present
experiment provided an even stronger test for the assumption
that S = RK ≠ RA is not sufficient to induce joint SCEs. This
result is in line with previous research, demonstrating that
response pad orientation has little influence on SCEs in forced
two-choice tasks (Vu, Proctor, & Pick, 2000). Moreover, the
joint SCE in the vertical condition was of a similar size as joint
SCEs observed by Dittrich et al. (2012) in a joint go/no-go
task with horizontally aligned stimuli, response keys, and
seating position that was, in all other regards, comparable
in used materials and procedures (all SCEs ranged between
5-7 ms). This pattern of results found in joint go/no-go tasks is
similar to what has been found in forced two-choice tasks:
Previous research demonstrated that SCEs in horizontal and
vertical forced two-choice tasks are of similar size (Proctor,
Vu,&Nicoletti, 2003; Vu, Pellicano, & Proctor, 2005), at least
when the horizontal dimension was not made more salient

by instructions (for a detailed discussion of this issue, see
Hommel, 1996b).

On the basis of the present results, we can further confirm
our prediction that joint SCEs are not necessarily based on
shared action/task co-representations. Given that the action/
task co-representation account (Sebanz et al., 2003; Sebanz
et al., 2005) assumes that both one’s own and the coactor’s
action are represented in a functionally equivalent way, this
representation of the full S–R set should lead to a feature
overlap of the S–R dimensions irrespective of the spatial
orientation of the two coacting individuals. However, by
demonstrating a joint SCE in the vertical but not in the
horizontal condition, the present results clearly falsify this
assumption. Instead, the results are in line with a spatial-
coding account (Dolk et al., 2011; Dolk, Hommel, et al.,
2013; Dittrich et al., 2012). Accordingly, the vertical seating
arrangement prompted participants to code their responses
vertically leading to an overlap of the vertical stimulus dimen-
sion and the vertically coded response, thus leading to a joint
SCE. The horizontal seating arrangement in contrast led par-
ticipants to code their responses horizontally, counteracting a
vertical S–RK overlap and thus, preventing a joint SCE to
emerge. So far, we found evidence for the assumption that joint
SCEs are based on spatial response coding referring to the
seating position of the coacting participants, whereas the role
of the spatial orientation of response keys for spatial response
coding remains unclear. Therefore, a second experiment was
conducted to investigate whether spatial response coding refers
exclusively to RA or also to RK.

Experiment 2

In our first experiment, we found a joint SCE when S, RA, and
RK were all vertically aligned but we did not find a joint SCE
when spatial features of the stimulus dimension matched only
the response key alignment (S = RK ≠ RA). From these find-
ings, however, it is still unclear whether the disappearance of
the joint SCE in the horizontal condition was due to the spatial
dis-alignment of coacting participants toward the stimulus
dimension (S ≠ RA) or toward the stimuli and the response
keys (S = RK ≠ RA). In other words, it remains to be seen
whether spatial response coding refers exclusively to the seat-
ing alignment of coacting participants or, additionally, also to
the spatial alignment of response keys. To disentangle both
possibilities, we conducted an experiment with one condition
in which S, RA, and RK all matched and one condition in which
only S and RA matched. The first condition was an exact
replication of the vertical condition used in Experiment 1
(S = RA = RK; we term this the vertical condition). The second
condition differed only with regard to the response key

Table 1 Experiment 1: Mean response latencies (in milliseconds), error
rates (as percentages), and standard deviations for compatible, neutral, and
incompatible trials, along with spatial compatibility effects (SCEs: incom-
patible trials minus compatible trials), as a function of condition

Spatial Compatibility

Compatible Neutral Incompatible SCE

Condition M SD M SD M SD M SD

Response Latencies

Horizontal 334 28 325 29 335 24 1 12

Vertical 334 37 322 38 341 43 7* 13

Error Rates

Horizontal 2.3 2.3 2.7 2.2 3.0 2.4 0.7 2.5

Vertical 1.0 1.4 2.3 1.7 1.6 1.7 0.6 1.6

* p < .05.
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alignment, which was horizontal (S = RA ≠RK; we term this the
horizontal condition). If spatial response coding refers to RA
only, joint SCEs should be observable in both conditions. If,
however, spatial response coding refers not exclusively to RA
but also to RK, joint SCEs should only be observed in the
vertical condition, in which both RA and RK induce a vertical
coding of responses.

Method

Participants A group of 48 right-handed University-of-
Freiburg students (32 female, 16 male; mean age = 23.1 years,
SD = 5.9) with different majors participated for course credit
or as paid volunteers. All participants had normal or corrected-
to-normal vision, were tested in same-gender pairs, and were
randomly assigned to one of two experimental conditions
defined by response key alignment (horizontal vs. vertical).

Materials and procedures The materials and procedures were
identical to those of Experiment 1, except for the following
differences. The seating position for all participants was ver-
tically aligned (see Fig. 2). The only difference between the
two groups was the response key alignment. In one group, the
response key alignment was vertical (Fig. 2, right panel). This
condition was identical to the vertical condition of Experiment
1. In the second group, response keys were horizontally
aligned (Fig. 2, left panel); it was counterbalanced whether

the “upper” participant or the “lower” participant pressed the
right or left key.

Results

Mean response latencies and mean error rates for compat-
ible, incompatible, and neutral trials, as well as SCEs, are
presented in Table 2, separately for the vertical and the hori-
zontal condition.

Response latencies and error rates were submitted to 3 × 2
analyses of variance with the within-subjects factor compati-
bility (compatible, incompatible, neutral) and the between-
subjects factor condition (vertical vs. horizontal). Analyses
of reaction time revealed a main effect of compatibility, F(2,
92) = 26.27, p < .01, ηp

2 = .36, indicating faster responses for
compatible than for incompatible trials (see Table 2 for de-
tails). More importantly, SCEs differed between both condi-
tions as reflected by a significant interaction of compatibility
and condition, F(2, 92) = 3.55, p = .03, ηp

2 = .07. Follow-up t
tests were conducted to interpret the two-way interaction of
compatibility and condition in reaction time: Although a
significant joint SCE was found in the vertical condition,
t(23) = 2.22, p = .04, d = 0.45, this effect was not significant
in the horizontal condition (t < 1). We observed no main effect
of condition, indicating that both the vertical and the horizon-
tal condition did not differ in the overall reaction time, F < 1.

Fig. 2 The experimental setup used in Experiment 2. Participants performed the spatial compatibility task seated in front of and behind each other. The
response keys were either horizontally aligned (horizontal condition, left panel) or vertically aligned (vertical condition, right panel)
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Analyses of the error rates revealed a main effect of com-
patibility, F(2, 92) = 4.97, p = .01, ηp

2 = .10, indicating fewer
errors for compatible than for incompatible trials (see Table 2
for details). Follow-up t tests indicated that the joint SCE was
neither significant in the horizontal condition, t < 1, nor in the
vertical condition, t(23) = 1.46, p = .16, d = 0.30 (see Table 2).
Neither the interaction of compatibility and condition nor the
main effect of condition was significant in the analysis of error
rates, Fs < 2.2, ps > .1.

Discussion

Results of Experiment 2 revealed that joint SCEs are only
observed if the spatial features of responding agents (RA),
response keys (RK), and stimuli (S) all matched. These results
once more contradict the assumption of a shared action/task
co-representation account and further extend our knowledge
of the process of spatial response coding. As Experiment 1
had already revealed, spatial response coding refers to partic-
ipants seating alignment. However, not only the spatial rela-
tion of coacting participants seems to be taken as spatial
reference for coding one’s response spatially, but also the
spatial alignment of response keys. Thus, the vertical seating
alignment of agents that could have induced a spatial response
coding as “up” or “down” did not “overwrite” the “left–right”
response coding induced by response keys in the horizontal
condition, preventing a joint SCE to emerge.

General discussion

The aim of the present experiments was to provide further
empirical evidence for the spatial-coding account as alternative
explanation of joint SCEs and to identify the spatial compo-
nent(s) of joint go/no-go tasks inducing spatial response

coding. In our first experiment, we investigated the role of
the spatial seating alignment of coacting participants for joint
SCEs to emerge. Replicating previous findings (Dittrich et al.,
2012), we found no joint SCE when the horizontal seating
arrangement did not match the vertical arrangement of re-
sponse keys and stimuli. Instead, we found a joint SCE only
when S, RA, and RK were all vertically arranged. Supporting
previous findings (Philipp & Prinz, 2010; Wenke et al., 2011),
results of Experiment 1 suggest that spatial response coding
refers to RA, leading to a joint SCE only if the spatial alignment
of RA and S matches. Thus, (horizontal) seating arrangement
seems to counteract a (vertical) S–RK overlap. Importantly, the
results of Experiment 2 indicate that spatial response coding is
influenced by the spatial orientation of seats and keys, thereby
crucially extending the dimensional overlap model by
Kornblum et al. (1990) in the context of joint action. That is,
joint SCEs were only obtained when S, RA, and RK were all
vertically aligned, but not when the vertical arrangement of S
and RA mismatched the orientation of RK (i.e., S = RA ≠ RK).

The present results provide further evidence against the
idea of action/task co-representation as a compelling explana-
tion for joint SCEs (Kiernan et al., 2012; Sebanz et al., 2003;
Sebanz et al., 2005; Welsh et al., 2013). Given that the action/
task co-representation account proposes that joint SCEs are
due to the functionally equivalent representation of one’s own
and the coactor’s action, the dimensional overlap of spatial S–
R features in forced two-choice and joint go/no-go tasks
should lead to SCEs in both horizontal and vertical versions
of spatial compatibility tasks irrespective of the specific (hor-
izontal or vertical) seating alignment of the coactors.
However, the finding that a match of only S and RK is not
sufficient for joint SCEs to emerge (i.e., no SCE if S = RK ≠
RA) challenges the action/task corepresentation account; rath-
er, the results favor and further specify the spatial-coding
account as a comprehensive explanation for joint SCEs.
Note, however, although the present results disconfirm the
action/task co-representation account in explaining joint
SCEs, other joint compatibility effects might provide unbiased
measures of action/task co-representation. For example,
Atmaca et al. (2011) demonstrated joint compatibility effects
in a flanker task. As the flanker task does not include a spatial
dimension, this task might provide an unconfounded measure
of action/task co-representation (see also Böckler, Knoblich,
& Sebanz, 2012; Liepelt & Prinz, 2011; Philipp & Prinz,
2010). Thus, the present work is neither able to nor aims to
refute the concept of co-representation in general.

In previous studies supporting the spatial-coding account,
it was assumed that the experimental setting of horizontally
arranged responses in social and nonsocial go/no-go Simon
tasks allows participants to code their responses spatially. In
most of these works, the spatial component to which spatial
response coding is referred to was either not further specified
(Dittrich et al., 2012) or assumed to refer to the orientation of

Table 2 Experiment 2: Mean response latencies (in milliseconds), error
rates (as percentages), and standard deviations for compatible, neutral,
and incompatible trials, along with spatial compatibility effects (SCEs:
incompatible trials minus compatible trials), as a function of condition

Spatial Compatibility

Compatible Neutral Incompatible SCE

Condition M SD M SD M SD M SD

Response Latencies

Horizontal 328 33 319 33 326 30 –2 15

Vertical 326 27 316 29 332 29 6* 12

Error Rates

Horizontal 1.8 2.0 3.0 3.0 1.9 2.3 0.1 2.5

Vertical 2.7 2.9 3.8 4.0 3.7 3.9 1.0 3.0

* p < .05.
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response-related action events (Dolk et al., 2011; Dolk,
Hommel, et al., 2013). The present experiments specify the
spatial-coding account fundamentally in revealing that spatial
response coding refers to the spatial arrangement of the re-
sponse keys (RK) and the coacting participants (RA), thereby
explaining the occurrence of joint SCEs in the vertical condi-
tions of the present experiments as well as joint SCEs in the
classical (i.e., horizontal) joint go/no-go task (e.g., Sebanz et al.,
2003; Sebanz et al., 2005). In the vertical conditions of
Experiments 1 and 2, vertical seating alignment of participants
led participants to code their responses as being the upper or
being the lower response. Given that response key orientation
was also vertically aligned, the spatial features of RK further
strengthened the vertical response coding, explaining the SCEs
in these conditions. The same might be true for the classical
joint go/no-go task in which RA, RK, and S are all horizontally
aligned. Moreover, these assumptions also explain the missing
joint SCE in the horizontal conditions of Experiment 1 and 2. In
the horizontal condition of Experiment 1, the seating position
led participants to code their responses as left or right, whereas
the response keys suggested a vertical response coding. Thus,
vertical and horizontal response codes might have canceled
each other out, preventing a joint SCE to emerge. In the
horizontal condition of Experiment 2, the seating position
allowed participants to code their responses as “upper” or
“lower” responses; however, this time, the vertical response
coding was blurred by a simultaneous horizontal response
coding resulting from response key orientation. Interestingly,
joint SCEs were completely eliminated in the horizontal condi-
tions of Experiment 1 and 2. This suggests that spatial response
coding was to a similar extent influenced by RA and RK (if, e.g.,
spatial response coding were more strongly influenced by RA,
one would have expected to find a small but presumably still
significant effect in the horizontal condition of Exp. 2, in which
S = RA ≠ RK). Thus, the present experiments identified two
spatial components that both contribute to joint SCEs equally.

So far, we explained the present result pattern with spatial
response coding. However, until now little is said about why
participants code their responses spatially. In accordance with
the theory of event coding (Hommel et al., 2001) Dolk,
Hommel, et al. (2013; see also Dolk et al., 2011; Hommel
et al., 2009; Liepelt et al., 2011) assumed that participants in
joint go/no-go tasks spatially code their responses due to the
presence of alternative action events. Thus, to differentiate
between the representation of one’s own action and the repre-
sentation of the action performed by the coactor, participants
spatially code their action relative to the action of the coactor
(i.e., increasing the task relevance of spatial response alterna-
tives through intentional weighing; Memelink & Hommel,
2013). This discrimination is assumed to be specifically nec-
essary the more similar one’s own and other (social or nonso-
cial) action events are (Dolk, Hommel, et al., 2013). This
explanation is not only compatible with the present results

but also with several recent findings demonstrating that joint
SCEs are influenced by different experimental manipulations
of the similarity between self and others such as the interper-
sonal relationship, the “socialness,” or the group membership
(Colzato, de Bruijn & Hommel, 2012; Colzato, Zech,
Hommel, Verdonschot, van den Wildenberg, & Hsieh, 2012;
Hommel et al., 2009; Müller, Brass, et al., 2011; Müller,
Kühn, van Baaren, Dotsch, Brass, & Dijksterhuis, 2011;
Ruys & Aarts, 2010; Tsai & Brass, 2007). For instance, joint
SCEs were found to be reduced when participants performed
the joint go/no-go task together with an unfriendly coactor or
member of the participants’ outgroup. Performing a task with
an unfriendly coactor or a member of an outgroup might
decrease the necessity of differentiating between the represen-
tation of one’s own and the coactor’s action, simply because
an unfriendly coactor/coactor belonging to one’s outgroup is
perceived as being more dissimilar to oneself than a friendly
coactor/member of one’s ingroup. In other words, the repre-
sentation of self- and other-generated action events is not
necessarily a particular personal trait but rather a consequence
of a specific (context-dependent) cognitive state (Colzato, van
den Wildenberg, & Hommel, 2013; Liepelt et al., 2012).
Further converging evidence for this assumption comes from a
study in which participants performed a joint spatial compati-
bility task together with a robot (Stenzel et al., 2012). Joint SCEs
were observed when the robot was described as human-like;
participants presumably perceived the robot’s actions as being
intentional, evoking representations of other-generated actions
that had to be discriminated from the actions performed by
participants themselves. Instead, joint SCEs were absent when
the robot was described as being passive and deterministic.

In contrast to these modulations of joint SCEs in a rather
global (top-down) fashion, more basal task manipulations
also affect spatial response coding. For instance, Dittrich
et al. (2012) found SCEs in an individual go/no-go task in
which participants were required to respond with joystick
movements. In this task setting, it appears implausible that
participants code their responses spatially to differentiate
between action events simply because alternative response
events are lacking. Instead, the (left or right) joystick move-
ment itself presumably highlighted the spatial orientation of
response alternatives, which, in turn, might have induced
spatial response coding. Future research will have to exam-
ine if spatial response coding of this basal task manipula-
tion qualitatively differs from spatial response coding ob-
served in the above mentioned joint go/no-go tasks.

Despite the assumption that SCEs in joint go/no-go and
forced two-choice tasks are both based on the same basic
principle of dimensional overlap, it is obvious that the pheno-
types of SCEs differ between both tasks. Most notably, joint
SCEs are much smaller than SCEs found in forced two-choice
tasks (the SCEs of forced two-choice tasks reported by
Dittrich et al., 2012, ranged between 24 and 42 ms, whereas
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joint SCEs ranged between 5 and 6 ms; see also Welsh, 2009;
Welsh, Higgins, Ray, & Weeks, 2007). Dittrich et al. (2012)
argued that this difference might be due to the fact that the
spatial response dimension is most salient in a forced two-
choice task, in which participants are responsible for both left
and right response keys. Presumably, referential coding helps
not only to discriminate between self and other performed
action events (Dolk, Hommel, et al., 2013; Hommel et al.,
2009; Liepelt et al., 2011) but it might also be a reasonable
mechanism to discriminate between two self-performed action
alternatives in forced two-choice tasks (Hommel, 1996a). As
both self-performed action alternatives in forced two-choice
tasks are more similar than self and other performed action
events in joint go/no-go tasks, spatial response coding might
be more pronounced in forced two-choice tasks, despite the
cognitive demand of controlling two response alternatives,
explaining the larger SCE. Based on this assumption, larger
joint SCEs might emerge when the spatial attributes of RK are
more salient (e.g., more similar to one’s own action events;
Dolk, Hommel, et al., 2013) and/or more task-relevant (e.g.,
by highlighting the spatial features of RK via instructions). In
the present experiments, we avoided the terms “left/right key/
participant” or “up/down key/participant” in order not to
induce a spatial response coding via instruction.
Systematically varying the impact of spatial response features
(thus the task-relevance) by instruction would allow one to
examine the influence of this factor on the magnitude of joint
SCEs. Moreover, as arbitrary response attributes can be inte-
grated into the representation of responses (e.g., Hommel,
1998; Wenke & Frensch, 2005), joint SCEs might even
emerge in a condition in which the (vertical) response key
orientation does not match the (horizontal) stimulus alignment
and seating position, if the response keys are labeled as being
“left” and “right.” A respective examination of the impact
of arbitrary response labels would allow one to test
whether response codes are a necessary consequence
of task settings or whether codes are more flexible in
a sense that they are influenced by instructions, a re-
search question that is not answered by the present
experiments.

To conclude, the present research provided further evi-
dence for the role of spatial response coding in allowing joint
SCEs to occur. Moreover, we scrutinized whether spatial
response coding refers to the spatial orientation of response
keys, the spatial orientation of responding agents, or both; in
fact, spatial response coding is influenced by the spatial ori-
entations of both the responding agents and the response keys,
revealing that both have to match with the spatial stimulus
dimension in order to find joint SCEs. To further extend our
knowledge of cognitive processes underlying single and joint
action control, the consideration of this basic mechanism
might be useful for future studies investigating S–R compat-
ibility effects, in particular, and joint action, in general.
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