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The effects of spatial compatibility and spatial congruence have both been explained in terms of a dual-route
model under which spatial information about the stimulus, regardless of task relevance, is directly passed
from perception to action. Recently, however, some alternatives to the dual-route model of the Simon Effect
have been proposed (or re-introduced) as viable explanations. The present experiment compared the
magnitudes of the effects of spatial compatibility and spatial congruence across a range of tasks that varied in
their dimensional overlap. The results exhibited a remarkable parallel between the two phenomena when
viewed only in terms of the interaction between stimulus set and response set. This could be taken as new
evidence for a common origin. However, when the entire pattern of results was examined, a large difference
between compatibility and congruence were also seen, which implies that there is at least one important
difference between the two phenomena.
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1. Introduction

The phenomenon that bears the name of J.R. Simon is deceptively
simple (see, e.g., Simon, 1969, 1990). Assume a forced-choice task
under which stimuli that vary in some non-spatial attribute, such as
letter name or color, are mapped onto spatial responses, such as left
and right buttons. Assume, also, that the location of the stimulus also
varies but is completely task-irrelevant: subjects are asked to ignore
stimulus location and it provides no information as to which response
should be made. Even under these conditions, an effect of spatial
congruence – i.e., a Simon Effect – is consistently observed. When the
locations of the stimulus and response correspond – a situation that is
referred to as Simon congruent – the speed (and the accuracy) of the
response is almost always higher than when the spatial attributes do
not match – which is Simon incongruent. The magnitude of the Simon
Effect is admittedlymodest, usually being less than one-tenth of mean
response time, but it is remarkably robust and has many theoretical
and practical implications.

As an example of the importance of the Simon Effect, note that,
around the time of its discovery (Simon & Rudell, 1967), the dominant
model of information processing was the Discrete Stage Model (see
Sternberg, 1969). According to the Discrete Stage Model, processing
occurs in a single sequence of non-overlapping steps, from stimulus
encoding to response execution. In apparent violation of this, the
Simon Effect suggested, instead, that some information – viz., task-
irrelevant stimulus location – can “jump ahead” and pre-activate or
prime a response before central processing of the task-relevant
information is complete. This general idea has grown into what is now
called the dual-route model (see, e.g., De Jong, Liang, & Lauber, 1994;
Eimer, Hommel, & Prinz, 1995; Frith & Done, 1986; Kornblum,
Hasbroucq, & Osman, 1990;Kornblum, Stevens, Whipple, & Requin,
1999): the location of the stimulus, albeit irrelevant, quickly takes a
direct route from perception to action, not waiting while the task-
relevant attribute of the stimulus follows an indirect route that
includes the relatively slow step of stimulus–response translation.

Additional evidence against the Discrete StageModel involving the
Simon Effect includes several findings of under-additive interactions
between the Simon congruence and certain other manipulations – i.e.,
the magnitude of the Simon Effect is sometimes smaller for more
difficult tasks (e.g., Hommel, 1994a,b; Stoffels, 1996; Stoffels, van der
Molen, & Keuss, 1989; van der Schoot, Smulders, Los, & Kok, 2003).
This pattern of results cannot be reconciled with the Discrete Stage
Model (nor with most other single-path models), since the only type
of interaction that can be explained using the logic of Additive Factors
is over-additive (i.e., larger effects for more difficult tasks). However,
under-additive interactions are completely consistent with multi-
path models and, in fact, are often cited as the best evidence for this
type of parallel processing (see, e.g., Egeth & Dagenbach, 1991;
Pashler & Johnston, 1989; Schweikert, 1978).

The Simon Effect has also proven to be timeless in that it has
reappeared at the forefront of several debates. One such area starts
with the observation that the influence of the Simon congruence is
often quite small on those trials that immediately follow an
incongruent trial (e.g., Akçay & Hazeltine, 2007; Frith & Done, 1986;
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Notebaert, Gevers, Verbruggen, & Liefooghe, 2006; Wühr, 2005). This
sequential modulation can be so strong as to reverse the typical
advantage of congruent over incongruent Simon trials into a
disadvantage for congruent trials when the previous trial was
incongruent (e.g., Hazeltine, Akçay, & Mordkoff, 2011-this issue;
Valle-Inclan, Hackley, & de Labra, 2002). One of the early explanations
of sequential modulation posited that the strength (and/or valence) of
the direct route (within the dual-route model) can be modified by
recent events. Following an incongruent trial, the direct links between
stimulus and response locations are weakened or even reversed (this
has been referred to as “suppression of the direct route”; Frith, &
Done, 1986). In contrast, following a congruent trial, these links might
be strengthened, instead, creating a complete pattern that has been
labeled reactive gating (Mordkoff, 1998) or conflict adaptation
(Botvinick, Braver, Barch, Carter, & Cohen, 2001), depending on
whether a particular underlying mechanism is assumed. There is also
a third class of explanation for this phenomenon, focusing on the
transient bindings between stimulus and response features (e.g., Chen
& Melara, 2009; Hazeltine et al., 2011-this issue; Hommel, Proctor, &
Vu, 2004; Mayr, Awh, & Laurey, 2003), which is why sequential
modulation of the Simon Effect is receiving so much attention.

1.1. Spatial compatibility and spatial congruence

Despite their obvious similarities, the effects of spatial congruence
should not be confused with the influence of spatial compatibility
(Fitts & Deininger, 1954; Fitts & Seeger, 1953). In tasks concerning the
latter, stimulus location (or some other spatial attribute) is task-
relevant, instead of irrelevant: the correct response for the trial
depends entirely upon the location of the stimulus, such that stimulus
location does provide information and subjects are asked to focus
upon it. To help keep this difference clear, note that tasks that concern
the influence of the match between task-relevant spatial attributes
and the correct response are said to involve spatial compatibility,
instead of spatial congruence (see Kornblum et al., 1999). Another
difference between spatial compatibility and spatial congruence is the
relative magnitudes of their effects; in contrast to those for spatial
congruence, the effects of spatial compatibility are quite substantial,
often being as much as one-quarter of mean response time (or more;
see, e.g., Grosjean & Mordkoff, 2001). The typical explanation for this
difference in the sizes of the two types of effect centers on the roles
played by the direct route within the dual-route model which, in turn,
depends on whether the congruence or compatibility of the current
trial was known in advance. Under a spatial-congruence task, where
the trial types are randomly mixed and, therefore, unpredictable, the
direct route merely primes a particular response; the direct route is
prevented from completely activating an overt response, probably
because the response that is receiving this priming is very often
incorrect. Under a spatial-compatibility task, in contrast, the compat-
ible and incompatible trials occur in separate blocks and, therefore,
are completely predictable. During compatible blocks, the direct route
is allowed to fully activate a response because this is always the
correct response for the trial. During incompatible blocks, the direct
route will always pre-activate an incorrect response, so the initial
response must be withheld (via, e.g., a much higher threshold or
response suppression; see, e.g., Ridderinkhof, 2002) until the indirect
route has completed its work and can trigger the correct response for
the trial. This difference in the roles played by the direct route – partial
activation for congruence tasks vs. complete activation or complete
suppression for compatibility tasks – is why the effects of spatial
congruence are much smaller than those for spatial compatibility.
And, yet, both are often assumed to arise within the same, direct route
of a dual-route model.

One of the strongest lines of evidence that the direct route exists and
that highly compatible tasks can be entirely performed by only its use
comes from work concerning the influence of the stimulus/response
uncertainty. Under conditions of near-perfect compatibility – such as
when the stimuli are vibrations felt by fingers and the responses are
flexes by the very same fingers – there is no effect on performance of
increasing the number of possible stimuli from two to four to eight
(Leonard, 1959). This is in stark violation of the Hick/Hyman Law (Hick,
1952; Hyman, 1953) which is the name given to the logarithmic
relationship between number of stimulus/response pairs and mean
response time (at least when all possible stimuli occur equally often).
However, on the assumption that the Hick/Hyman Law is a description
of the behavior of the indirect route, coupled with the assumption that
the direct route is completely unaffected by the number of other stimuli
might have been presented, one can explain this apparent violation of
the Hick/Hyman Law by concluding that extremely compatible tasks
(such as that used by Leonard) are entirely performed using the direct
route.

There are several reasons – besides parsimony – to assume that the
direct routes that underlie the influence of spatial compatibility and
spatial congruence are the same. In a rough parallel to sequential
modulation of the Simon Effect (i.e., changes in the Simon Effect as a
function of the congruence of the previous trial; see, e.g., Hazeltine et al.,
2011-this issue), when compatible and incompatible mappings are
somehowmixed together, the difference in RT between compatible and
incompatible trials has also been found to depend on the compatibility
of the preceding trial (see, e.g., Duncan, 1977). Even stronger: when
tasks involving spatial compatibility and spatial congruence are
performed in proximity, there are highly predictable carry-over effects:
compatible spatial mappings cause increases in the Simon Effect and
incompatible mappings cause reductions in the same (see, e.g., Proctor
& Vu, 2002a,b). Finally, spatial compatibility and spatial congruence can
have similar effects on an online measure of response activation – viz.,
the lateralized readiness potential (see, e.g., Mordkoff & Grosjean, 2001,
for an introduction); in both cases, when only left and right stimuli and
responses are used, the earliest evidence of response activation is found
in favor of the compatible or congruent response (e.g., De Jong et al.,
1994; Eimer, 1995; Sommer, Leuthold, & Hermanutz, 1993). Moreover,
the timing of this early activation does not depend on the speed of
processing within the indirect route; it only depends on the factors that
would influence the speed of the direct route (see, e.g., Wascher,
Reinhard, Wauschkuhn, & Verleger, 1999; Wascher, Verleger, &
Wauschkuhn, 1996).

2. Experiment

The dual-route model of the Simon Effect embodies the claim that
the influence of spatial congruence has its origins within a direct
pathway that merely maps stimulus locations onto responses. The
dual-route model of stimulus/response compatibility includes the
claim that the rather large advantage for compatible mappings also
has its origins within a direct pathway. The present experiment
sought new evidence in favor of the dual-route model of spatial
congruence by comparing the magnitude of the Simon Effect to the
magnitude of the effect of spatial compatibility across an equivalent
set of tasks. The logic being used is admittedly weak – i.e., a close
parallel between the magnitudes of these two effects would suggest a
common origin – but can be strengthened by collecting data in well-
chosen range of conditions, such that convergence, if found, would be
highly unlikely by accident. For example, if it can be shown that the
effects of spatial congruence and spatial compatibility both depend on
one or more additional factors in the exact same way – i.e., both
produce the same pattern of higher-order interactions – then the
evidence in favor of a common origin would be greatly increased.
Fortunately, when one considers the second level at which spatial
compatibility has been shown to occur, a straight-forward method
becomes immediately available.

As demonstrated by P. Fitts, spatial compatibility can exist at two
levels: the entire set of stimuli can resemble the entire set of responses



1 One exception to this can be found in work concerning the effects of mixing vs.
blocking on mapping-level SRC (e.g., Duncan, 1977). However, in order to include both
compatible and incompatible trials within the same block, stimuli with more than one
relevant attribute are required, and it could well be argued (see, e.g., Los, 1996; van
der Schoot et al., 2003) that this makes the task qualitatively different from that used
to examine either classical mapping-level SRC or the Simon Effect.

2 As mentioned above, it should be noted that some previous work has already
combined a manipulation of mapping-level SRC with the Simon Effect (e.g., Proctor &
Vu, 2002a,b). However, in no case that we can find have the patterns of mapping-level
SRC and the Simon Effect been compared across a complete combination of stimulus
and response sets. And, as will be seen, this appears to be critical.

255J.T. Mordkoff, E. Hazeltine / Acta Psychologica 136 (2011) 253–258
(Fitts & Seeger, 1953) and, within a given ensemble of stimuli and
responses; individual stimuli can resemble their associated responses
(Fitts & Deininger, 1954). The first type of compatibility is now referred
to as dimensional overlap (see, e.g., Kornblum et al., 1990), since it
concerns the general relationship or overlap between the stimuli and
responses on any of myriad, metrical attributes. The second type of
compatibility is what most people mean by “stimulus–response
compatibility” (SRC), but is probably best referred to as element-level
or mapping-level SRC to be entirely clear. These two types of
compatibility have a hierarchical relationship: mapping-level SRC will
only have an effect if there is some dimensional overlap between the
stimulus and response sets. Expressed in reverse: if the set of stimuli
and responses do not overlap, then no particular mapping of specific
stimuli onto specific responses will be any more compatible than any
other mapping. It is the hierarchical relationship between dimensional
overlap and mapping-level compatibility that provides an opportunity
to test whether the effects of spatial compatibility and spatial
congruence are highly similar.

Note, however, that in order to fully demonstrate the existence
and influence of dimensional overlap, at least two different stimulus
sets and two different response sets must be used in a fully-crossed
(factorial) design (see, also, Proctor & Wang, 1997a,b, for additional
discussion of this methodological requirement). Otherwise, any
difference in the results could be interpreted as being due to only
one factor. Strong evidence in favor of stimulus–response compati-
bility requires that, for example, the stimulus set that produces the
weaker effect with one set of responses be shown to produce the
stronger effect with a different set of responses. Without this second
line of evidence, one could interpret the findings purely in terms of
stimulus factors, which would not be evidence of stimulus–response
compatibility.

As surprising as this may seem, this rule, which was first stated by
Fitts and Seeger (1953) in the original study of dimensional overlap,
was violated by Fitts and Deininger (1954) in the original study of
mapping-level compatibility. (Fitts and Deininger only employed one
response set and manipulated dimensional overlap by using various
stimulus sets that resembled the response set to varying degrees.) The
same omission has been made in several more recent studies, as well
(e.g., Kornblum et al., 1999; Stins & Michaels, 1997; 2000). As will be
seen, the inclusion of multiple stimulus sets and multiple responses
turns out to be very important. Even more: because the logical
argument being used – that a close parallel between the effects of
spatial congruence and spatial compatibility is evidence that both
phenomena involve the same direct route – coupled with the fact that
spatial-congruence effects are almost always smaller than spatial-
compatibility effects (for the reason given above), it is crucial that the
data be two patterns of effects, one for each type of task, as opposed to
mere pairs of effects. Thus, the present experiment included the
complete crossing of two different stimulus sets and two different
response sets, and included tasks to tap both spatial congruence and
spatial compatibility. The key aspect of the results to be focused upon
is the specific type of interaction that is found for each task (e.g., fully-
crossed vs. under- or over-additive), as opposed to the mean
magnitude of the effects. The strongest prediction of any model that
embodies the claim that the effects of spatial compatibility and spatial
congruence both arise in the same direct route, when combined with
a successful manipulation of dimensional overlap, is that a fully-
crossed interaction (with neither main effect) will be observed for
both in both cases.

2.1. Participants

A total of 64 undergraduates were recruited from an Introductory
Psychology Pool (39were female; 59were right-handed). All reported
normal or corrected-to-normal, full-color vision. All were naïve as to
the design and purpose of the experiment prior to their participation.
The two sessions for a given participant were conducted at
approximately the same time on two adjacent days. (However, as
will be seen, the data from each participant's second session were
omitted from the reported analysis).
2.2. Tasks

One complication to making comparisons between mapping-level
SRC and the Simon Effect concerns the manner in which the two types
of trial that define the two phenomena are manipulated within-
subjects. Under SR-mapping tasks, the compatible and incompatible
trials must be run in different blocks (if not different sessions) since
the data are collected under different, instructed mappings.1 In
contrast, under the Simon tasks, the congruent and incongruent trials
can and should be mixed within block. To reduce this difference, the
Simon task that was employed also required participants to switch
between opposite mappings across separate blocks of trials. In this
case, however, rather than switching between compatible and
incompatible spatial mappings (as is required for the SR-mapping
task), the instructions required a switch between two different non-
spatial stimuli to spatial response mappings.2

Under the SR-mapping task, a single-attribute stimulus was
presented on every trial: either a solid gray square to the left or
right of fixation or a gray arrow at fixation pointing to the left or right.
The solid square and arrow were equated in terms of total number of
pixels. (The center of the arrowwas also slightly shifted to one side to
eliminate the influence of the Judd Illusion, as assessed in a pilot
experiment.) Under the Simon task, the solid square or arrow was
either green or purple, instead of gray, and the color determined the
correct response. (The three colors that were used – viz., green,
purple, and gray – were selected for their perceptual equiluminance
as determined by a flicker-fusion pilot experiment).

The response was made by either pressing one of two buttons or
moving a joystick in one of two directions. The buttons were to the left
and right of center and the joystick could only be moved to the left or
right. Participants used their left and right index fingers to press the
buttons or only their favored hand to move the joystick. The
separation between the buttons exactly matched the separation
between the two lateralized stimulus locations on the screen. The
amount that the joystick could bemoved (asmeasured at the center of
the participant's hand)matched the length of the arrow as it appeared
on the screen.

Under a compatible mapping SRC sub-task, the participant was
instructed to “make the response that best matches the stimulus.”
This wording was used regardless of which stimulus and/or response
set was used. Thus, for example, if the stimulus was either on the left
or pointed to the left, then the correct response was either a left-side
button-press or a leftward joystick movement. Under an incompatible
mapping, the participant was asked to “make the opposite response as
the stimulus.” If the stimulus was either on the left or pointed to the
left, then the correct response was either a press on the right or a
move to the right.

Under the Simon task, the participant was instructed to “respond
only to the color of the stimulus” and was then told the current
mapping. As above, the mapping was expressed in terms that would



Table 1
Mean response times and error rates as a function of stimulus set, response set, and
spatial compatibility or congruence.

Location stimuli Arrow stimuli

Button-press responses Compatible 291 ms 1.2%
Incompatible 352 ms 4.4%
Congruent 387 ms 2.4%
Incongruent 416 ms 2.9%

Compatible 382 ms 1.8%
Incompatible 429 ms 3.4%
Congruent 439 ms 2.5%
Incongruent 446 ms 2.6%

Joystick movements Compatible 314 ms 1.1%
Incompatible 355 ms 3.3%
Congruent 409 ms 2.4%
Incongruent 431 ms 2.9%

Compatible 389 ms 1.1%
Incompatible 447 ms 3.8%
Congruent 460 ms 2.4%
Incongruent 474 ms 2.9%

256 J.T. Mordkoff, E. Hazeltine / Acta Psychologica 136 (2011) 253–258
apply to both of the response sets – e.g., “if the stimulus is green, make
the left response; if the stimulus is purple, make the right response.”
Half of the time, green was mapped to left and purple was mapped to
right; half of the time, the mappings were reversed.

2.3. Overall design

In an attempt to reduce carry-over effects between the SR-
mapping and the Simon tasks, a mixed-factor, nested design was
employed. As explained previously, there were two different stimulus
sets (with regard to the spatial dimension): left vs. right locations and
arrows pointing to the left or right. There were also two different
response sets: left vs. right buttons and a joystick that could be moved
to the left or right. Each participant was pseudo-randomly assigned to
use one stimulus set and one response set in the SR-mapping task, and
the other stimulus set and other response set in the Simon task. This
created four main groups: locations/buttons SRC and arrows/joystick
Simon, locations/joystick SRC and arrows/buttons Simon, arrows/
buttons SRC and locations/joystick Simon, and arrows/joystick SRC
and locations/buttons Simon. In summary, to reduce carry-over
effects, no stimulus or response set was repeated across tasks within
a given participant.

The SR-mapping and the Simon tasks were performed in separate
sessions (in a counter-balanced order across participants). Within
each session of 16 blocks, the task-relevant mapping was switched
after every four blocks. Under the SR-mapping task, this implies that
participants switched between compatible and incompatible map-
pings after every four blocks. (Half of the participants started with the
compatible mapping.) Under the Simon task, the mapping between
the non-spatial stimulus attribute (i.e., color) and the responses was
switched after every four blocks. (Half of the participants started with
green mapped to left and purple mapped to right.) While the latter
alternation is not required to collect the desired data, having the effect
of the Simon congruence and mapping-level compatibility measured
under highly similar conditions was deemed to be critical. Therefore,
because the SR-mapping task must include changes in the instructed
mapping, the same was done for the Simon task. In summary, there
were eight sub-conditions with regard to order: which task was
employed in the first session crossed with which mapping was used
first in the SRC task crossed with which mapping was used first in the
Simon task.

2.4. Procedure and stimuli

Participants began each experimental session with written
instructions, followed by two practice blocks during which the
current mapping of stimuli to responses was displayed for 5 sec
after an error. The first practice block employed the mapping that the
participant had been assigned to use first (i.e., for Blocks 1–4 and 9–
12); the second practice block used the alternate mapping (i.e., that
which would be used in Blocks 5–8 and 13–16). The “real” blocks only
used a brief tone to indicate that an error had been made. There was
an enforced, seven-second break between blocks during which a
summary of performance on the previous block was provided. A
longer break was provided after Blocks 4, 8, and 12, followed by
written instructions to switch mapping for the next four blocks.

Each trial began with the presentation of a small, white fixation
cross for 350 ms. After a 150-ms blank, the final displaywas presented
until a response was made or 1500 ms elapsed. The final display
contained either a solid square or an arrow, in gray, green, or purple
(see above). From the standard viewing distance of 70 cm, the fixation
cross subtended 0.32° of visual angle, the solid squares were 0.98°
across, and the arrows were 2.86° in length. The arrows had “heads,”
but no “tails.” The arms creating the head of the arrow were at a 45°
angle to the body and were 0.57° in length. The solid squares were
presented 2.86° to one side of fixation; the arrows were placed 0.16°
to one side of fixation (in the opposite direction from which they
pointed) in order to eliminate the effects of the Judd Illusion which
can make a centered arrow appear to shifted towards to one side. In
absolute terms, the solid squares were 12 mm across, matching the
size of the buttons employed, and appeared 35 mm from fixation,
matching the 70 mm separation between the two buttons. The arrows
were 35 mm in length, matching the travel of joystick from center to
side, and were presented 2 mm to one side of fixation. The arms
creating the head of the arrow were 7 mm long. The inter-trial
interval was 1250 ms.

There were approximately 36 trials in each block: the 32 planned
trials (divided evenly across conditions), plus three, randomly-
selected warm-up trials, plus a recovery trial after each error, plus
the re-running of error trials at a random later point in the same block.
Since participants usually made between zero and three errors in a
block, most blocks included between 35 and 41 trials, and required
about 2 min to complete.

2.5. Results and discussion

A preliminary analysis concerning the counter-balanced sub-
conditions (i.e., which task was run in the first session and which
mapping was used first for each task) revealed a significant but
asymmetrical carry-over effect. Consistent with what has been
observed previously (e.g., Proctor & Vu, 2002a,b), the overall magnitude
of the Simon Effect was larger for those participants who performed
this task second (i.e., after the SR-mapping task); F(1.56)=23.55,
pb0.001. In contrast, the size of the mapping-level effect did not
depend on the order of tasks; F(1.56)b1. Therefore, only the data from
each participant's first session were retained for all further analyses.
Thus, the manipulation of type of spatial effect – congruence vs.
compatibility – switched from within- to between-subjects, with 32
participants in each group. No other counter-balancing factor produced
a reliable effect of any sort, so they were omitted from all further
analyses. The collapsed mean RTs (and errors rates) are provided in
Table 1.

To simplify matters, the critical analyses will concern the size of the
compatibility or congruence effect, which eliminates any overall
differences in mean RT. Before moving to this, a few other findings
from a second preliminary analysis will be reported here. For this
analysis, the data from compatible or congruent trials were averaged
with those from incompatible or incongruent trials (i.e., this second
analysis concerned overall mean RT and ignored spatial compatibility
and congruence). First,mean RTs from the Simon taskwere consistently
higher than those from the SR-mapping task; F(1.56)=30.51, pb0.001.
Second, mean RTs when the spatial attribute of the stimulus was an
arrow were higher than those when the stimulus was located to one
side of fixation; F(1.56)=31.46, pb0.001. Note, however, that there
was a trend for this finding to be more pronounced in the SR-mapping
task than in the Simon task; F(1.56)=3.05, p=0.086. Third, mean RTs
did not differ as a function of response set; F(1.56)=0.139. And, finally,
neither the interaction between response set and task, nor the
interaction between stimulus set and response set, nor the three-way
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interaction between stimulus set, response set, and task were reliable;
all F(1.56)b1. In short: we have replicated the well-known finding that
compatibility effects are larger (overall) than congruence effects (from
the first preliminary analysis) and we have some provisional evidence
that the difference between stimulus locations and arrowsmay turn out
to be important (from the second preliminary analysis).

Errors were rare and occurred more often in conditions with
higher mean RTs. They were not subjected to any formal analysis
other than a verification that, within-subjects, errors were correlated
with higher mean RTs (mean r=0.63, pb0.001) and that the
correlation did not become negative (which would suggest a speed-
accuracy trade-off) when re-examined at the level of the condition
means that are reported in Table 1 (r=0.39, p=0.140).

The critical analyses examined the effect of compatibility or
congruence as a function of stimulus set, response set, and task. For
these analyses, the compatible RTs were pre-subtracted from the
incompatible RTs, and the congruent RTs were pre-subtracted from
the incongruent RTs; this only has the effect of simplifying the
analysis, because both of these subtractions are performed within-
subjects. The mean effects of compatibility and congruence are
displayed in the left and right panels of Fig. 1, respectively. As
expected (given past findings and the first preliminary analysis), the
main effect of task was highly reliable; F(1.56)=50.88, pb0.001. The
mean influence of spatial compatibility was 52 ms; mean influence of
spatial congruence was only 18 ms. Also as expected, there was a
significant interaction between stimulus set and response set, which
demonstrates a successful manipulation of dimensional overlap; F
(1.56)=5.72, p=0.020. In general, larger effects were found with
locations and buttons or arrows and the joystick (40 ms) than with
arrows and buttons or locations and the joystick (29 ms). Finally, the
pattern of crossed interactions that are shown in the two panels of
Fig. 1 did not differ reliably from each other; F(1.56)b1. Thus, to this
point, while SR-mapping effects have again been found to be much
larger than Simon Effects, it appears that the patterns for spatial
compatibility and spatial congruence are the same. In other words: if
we stopped right here, affirming the null three-way interaction
between task, stimulus set, and response set – asking (ever so
politely) that the reader not compare the two panels in Fig. 1 very
closely – then we would have evidence of a parallel between the
effects of spatial compatibility and spatial congruence.

The problems for this convergence arise when one notes that the
Simon Effect was quite weak when the stimuli were arrows. (Of the
eight compatibility and congruence effects – as defined by stimulus
set, response set, and task – the only one that failed to be significantly
different from zero, when tested alone, was the Simon Effect using
arrows and buttons; p=0.450.) This contrasts with what was found
for the SR-mapping task, where the effects with arrowswere as strong
as those with stimuli located off of fixation. In other words, while
failing to reach statistical significance, there was a trend towards an
interaction between task and stimulus set; F(1.56)=3.05 p=0.086.
Fig. 1. Mean compatibility effect (left panel) from the SR-mapping task and mean
congruence effect (right panel) from the Simon task as a function of stimulus set and
response set.
Whereas the simple main effect of stimulus set within the SR-
mapping task was unreliable (p=0.912), with means of 51 ms for
locations and 52 ms for arrows, the simple main effect of stimulus set
within the Simon task was significant (p=0.034), with a mean of
25 ms for locations, but only 10 ms for arrows. Expressed in words:
when the spatial attribute of the display was task-relevant, it did not
matter whether locations or arrows were used; when the spatial
attribute was task-irrelevant, locations produced much stronger
effects than arrows.

3. General discussion

It is well known that the magnitude of SR-mapping effects – i.e.,
what is typically thought of as S-R compatibility – depends on the
overlap between the stimulus and response sets that are employed
(see, e.g., Kornblum et al., 1990, for a summary). These data are often
explained in terms of a dual-route model under which the spatial
attributes of stimuli directly activate the responses with which they
correspond and that the amount and/or speed of this activation
depends on the overlap between the two elements. The present work
was designed to provide new evidence concerning the dual-route
model of the Simon Effect by testing whether the influence of spatial
congruence shows a pattern that closely parallels that which is found
for spatial compatibility. If one only considers whether both situations
exhibit a combined dependence on the stimulus and response sets
employed (i.e., a crossed interaction of any sort), then the answer is
Yes. If one only considers the role of the stimulus set or only the role of
the response set, then the answer is, again, Yes (since both tasks
produced simple main effects of both stimulus set and response set
that were always in the same direction). However, if one considers the
entire set of results, including whether the interactions between
stimulus set and response set are completely crossed for both tasks or
if one task also produces an additional main effect, then the answer –
as shown in Fig. 1 – is a resounding No.

Does the fact that different specific patterns are found for spatial
compatibility and spatial congruence imply that the underlying
architectures for the two tasks are distinct? Not necessarily. While
this clearly rules out the simplest model that explains spatial
compatibility and spatial congruence in the exact same manner
(e.g., Kornblum et al., 1999), it does not rule out the idea that similar
cognitive architectures underlie both tasks. For example, one can still
argue both types of effect are due to a direct route between perception
and action, but now add the proviso that the strength of the priming
that is produced by this route can vary as a function of task. But this
begs the question: what causes the difference in the strength of the
priming? One answer to this question would focus on the putative
automaticity of the mechanisms that create the spatial codes that
(partially) represent the stimuli. In the case of locations, these codes
appear to be automatically created under both tasks; they not only
exist under the SR-mapping task – as they must, since, in this case,
they are the codes that are necessary to perform the task – but they
also exist under the Simon task and can cause a congruence effect. In
contrast, perceptual codes that represent the meaning of arrows may
not always be created. They are created under the SR-mapping task –

again, because they are required – but they are not always (or less
completely) created in the Simon tasks, so the effects of spatial
congruence with arrows is quite weak.

The only place where the above speculation may appear to run
counter to the existing literature is in comparison to a previous
demonstration of the supposedly automatic effects of arrows (Eimer,
1995). Not only have arrows been shown to produce a Simon Effect
(see Proctor & Vu, 2006, for a comprehensive summary), but the
influence of the arrows can be seen (briefly) in the lateralized
readiness potential. Note, however, that in the psychophysiological
study the arrows were not completely irrelevant. The direction
towards which the arrow pointed was uninformative as to which
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response should be made – i.e., the relationship between the arrows
and the response was one of congruence, not compatibility – but the
arrowswere informative as to the likely location of the target. Because
the meaning of the arrows were important, it can be argued that any
influence of the arrows should not be seen as being entire automatic.

A second possible explanation for the present finding of relatively
small Simon Effects with arrow-shaped stimuli would take a slightly
different view. Rather than attempting to explain why the priming
produced by arrows via the direct route is weak, this view would
suggest that the priming by arrows is relatively short-lived, instead. In
contrast to the effects of spatial compatibility, which have a tendency
to be largest for the slowest responses, the effects of spatial
congruence – at least when two-forced-choice tasks are used with
left and right stimulus and response locations (as is true here) – have
a tendency to “fade” with increasing mean RT (see, e.g., De Jong et al.,
1994; Hazeltine et al., 2011-this issue; Hommel, 1994a; Ridderinkhof,
2002). Given that the overall slowest responses (ignoring compati-
bility and congruence) were observed in the Simon task with arrow-
shaped stimuli, this fading-code model could actually be seen as
predicting the current finding.

Finally, the relatively small Simon Effects that were observed with
our arrows could be due to one or more specifics of the arrows that
were used. (This possibility gains further support when one notes that
other researchers have produced much larger arrow-based Simon
Effects, even when using button-press responses; see Proctor & Vu,
2006, for a summary.) In future work, a variety of arrow-like stimuli,
varying in terms of “tailed” vs. “tailless” and/or nulled vs. centered
should probably be included. Additional work might even succeed in
producing identical crossed interactions between stimulus set and
response set across spatial-compatibility and spatial-congruence
tasks, thereby removing the proviso that was included in the title of
this paper.
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