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The recently proposed action-concept view of perceptual-motor behaviour posits
that a stimulus which consistently follows a certain response will become associ-
ated with that response. Some evidence in favour of this view comes from the
finding that the size of the Simon effect can be altered by the inclusion of post-
response stimuli. However, only one study has investigated the effects of
including same-side in addition to opposite-side post-response stimuli, as well as
a neutral Simon condition, and, possibly because of a failure of random assign-
ment, the results from that study were inconclusive. In light of this limitation, a
Simon experiment was performed in which the location of post-response stimu-
lation was manipulated within subjects. The results showed that: (1) the Simon
effect can both decrease and increase in the presence of post response stimuli, and
(2) the amounts of Simon interference and Simon facilitation are both affected by
post-response stimuli, whereas performance on neutral trials is not. These
findings provide additional support for the action-concept view and suggest that
further research concerning this new approach is warranted.

One of the clearest and most basic differences between the information-
processing and ecological approaches to human performance concerns the
assumed relationship between perceptual and motoric mechanisms (compare,
e.g., Fitts, 1959, or Sternberg, 1969, with Gibson, 1979). According
to information-processing accounts, perceptual processes comprise an
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autonomous “front-end” system that is relatively unaffected by the assignment
of specific stimuli to responses (see, e.g., Kornblum & Lee, 1995). In contrast,
according to ecological accounts, perceptual processes are intimately related to
motor processes, because people perceive stimuli in terms of the behaviours
that they afford (see, e.g., Michaels, 1988). Despite this clear distinction—
along with the myriad deeper implications for research and models—neither
position may claim a majority of empirical support.

Instead, in the 1990s a new view emerged. This approach, which is known as
the action-concept view (e.g., Hommel, 1996, 1997; Prinz, 1990) allows the
predictable consequences of a response to become associated with the response
itself. This idea would not usually be considered by information-processing
theorists, because their models typically “end” at the time of the response. And
although the two share some general features, the action-concept view is also
very different from the ecological approach. According to Gibsonians, stimuli
are perceived in terms of the responses that they afford; according to the action-
concept view, responses are represented in terms of their likely consequences
(which are—from the position of the actor—additional stimuli). If anything,
the one set of previous ideas that overlaps most with the action-concept view
are found in some cognitive models of operant conditioning (see, e.g.,
Rescorla, 1991).

Some of the best evidence for the action-concept view comes from experi-
ments concerning the Simon effect (see Simon, 1990, for a review). In a Simon
experiment, non-spatial stimulus features (e.g., red vs green or H vs S) are
mapped onto spatial responses (e.g., left vs right). On critical trials, the reaction
stimulus is presented in a task-irrelevant, non-central location that is either
consistent or inconsistent with the response that is indicated by the task-
relevant feature (for the motivation behind the use of the words consistent and
inconsistent , instead of compatible and incompatible , see Kornblum & Lee,
1995). For example, if the colour red is assigned to the left-hand response and
the colour green is assigned to the right-hand response, then a consistent trial
might involve a red stimulus to the left of fixation, whereas an inconsistent
trial might involve a red stimulus to the right of fixation. The Simon effect is the
difference in mean response time (RT) between inconsistent and consistent
trials. The typical advantage for consistent trials is about 30 ms, which is
roughly 10% of mean RT.

Information-processing theorists explain the Simon effect in terms of auto-
matic encoding of stimulus location (without reference to the possible
responses), followed by automatic priming of whichever response most closely
matches the stimulus (see, e.g., Kornblum & Lee, 1995). Gibsonians explain
the Simon effect in terms of affordances, with (for example) left-hand
responses being faster to left-side stimuli because the location of the stimulus
affords this particular response. Note one crucial similarity between these two
explanations: The advantage for consistent trials does not depend on the
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consequences of the available, alternative responses; rather, the advantage
comes from some sort of similarity or directly-perceived link between some
aspect of the stimulus and one of the possible responses.

In contrast, the more recent, action-concept view (see, e.g., Hommel, 1996,
1997; Prinz, 1990) explains at least part of the Simon effect in terms of an asso-
ciation between using a particular hand to make a response and subsequent
stimulation on the same side of the body. For example, when a person presses
the left-hand button in a Simon experiment, there is often an audible click on the
left side of the mid-line, as well as tactile feedback from the left hand. These
particular events—which are stimuli, although post-response and task-irrele-
vant—are perfectly correlated with left-hand responses and, therefore, might
become integrated into the cognitive representation of a left-hand response.
Once this association has been established, these new attributes of the response
may serve as additional pathways or mechanisms of response priming.

One source of evidence in favour of the action-concept view comes from
experiments that have broken the (typical) perfect correlation between
responding with a particular hand and subsequent stimulation on the same side
of the mid-line (Hommel, 1993, 1996). In the most relevant case (Hommel,
1996, Exp. 1), this was done by including (for half of the blocks) task-
irrelevant, post-response events that occurred on the opposite side as the button
that was pressed; in all other ways, the study was a typical Simon experiment.
According to the action-concept view, these post-response events will become
integrated into the cognitive representation of each response. Thus, each
response will now be represented with a conflicting set of spatial features:
Those that are related to the ipsilateral events that typically follow a lateralized
response, and those that are related to the experimentally-induced contra-
lateral post-response events. This, in turn, will cause any lateralized stimulus
to prime both left and right responses (instead of one or the other), thereby
reducing the size of the Simon effect. Consistent with this view, the advantage
of consistent trials over inconsistent trials was reduced (from 28 to 18 ms)
when post-response events reliably occurred on the opposite side as the
response that was made as opposed to the situation where post-response events
were absent.

These data are important for several reasons. First, at a basic level, they
suggest that post-response events may become associated with the behaviours
that evoke them. Going further, the cognitive representations of the post-
response stimuli may become integrated with the representations of the
responses, themselves. This is an important new development in models of
human cognition and performance. Second, at the level of methodology, these
findings imply that researchers need to be careful when designing the trial-by-
trial feedback that will be provided during experiments, because these post-
response events might quickly come to have unwanted effects on performance.
As a concrete example: Experimenters would be advised to make sure that all
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visual feedback occurs at a central location (preferably fixation), in order to
avoid introducing a correlation between certain responses and certain loca-
tions. Finally, at an applied level, these data suggest that there might be simple
ways to reduce the amount of interference that is often observed in real-world
tasks that resemble the well-known experiments on stimulus–response
compatibility (see, e.g., Alluisi & Warm, 1990).

PURPOSE OF THE PRESENT STUDY

There are several aspects of the published experiments, however, that suggest
that further study of the effects of post-response stimuli is required. In partic-
ular, as far as we know, there has only been one study that has investigated the
effects of including same-side post-response stimuli in addition to opposite-
side post-response stimuli, as well as a neutral Simon condition (Hommel,
1993, Exp. 1). Before turning to the results of this experiment, however, let us
first consider why the addition of such conditions is relevant. First, the inclu-
sion of same-side post-response stimuli is important because the action-
concept view predicts that they would act to increase the size of the Simon
effect. Indeed, the integration of additional ipsilateral post-response events into
the representation of each response will provide redundant pathways for
response priming to occur, thereby increasing the advantage of consistent trials
over inconsistent trials. If such an increase were actually found, then the value
of the action-concept view would be greatly enhanced.

Second, with regard to the hypothesis that associations between post-
response stimuli and responses develop automatically (Hommel, 1996), the
inclusion of a neutral Simon condition is also very important. More detailed
information can be extracted from a Simon experiment when a neutral condi-
tion is included (i.e., a condition where the stimulus appears equidistant from
each of the alternative responses—usually at fixation) because the Simon effect
may now be parsed into Simon interference and Simon facilitation. Simon
interference is defined as the difference in mean RT between inconsistent and
neutral trials, whereas Simon facilitation is defined as the difference between
neutral and consistent trials. If the automatic-integration hypothesis is correct,
then the amounts of Simon interference and Simon facilitation should be
affected in parallel ways. In particular, both components should be reduced
when opposite-side stimuli are included and both should be enlarged when
same-side stimuli are included.

Finally, the inclusion of a neutral Simon condition is important with respect
to an additional hypothesis of the action-concept view (Hommel, 1997): The
integration of features associated with post-response events into the representa-
tion of a response should only have an affect on performance when the reaction
stimulus shares at least one of those features. Thus, because in the neutral
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condition the stimulus appears at fixation, no location-based links with either
response should be activated and, consequently, no response priming should
occur. This leads to the prediction that the inclusion of lateralized post-
response stimuli should have no effect on performance in the neutral condition.
The alternative—that the inclusion of post-response stimuli has some unspeci-
fied, general effect on processing that indirectly alters the size of the Simon
effect—needs to be ruled out. An example of an indirect model is one where
post-response stimuli alter overall mean RT (regardless of consistency);
because Simon effects are known to “fade with time” (e.g., see De Jong, Liang,
& Lauber, 1994; Hommel, 1994), the changes in overall mean RT would lead to
changes in the Simon effect.

Let us now turn to the results of the only published experiment that has
included these critical conditions (Hommel, 1993, Exp. 1). The data are shown
in Figure 1, where mean RT is plotted as a function of post-response stimulus
condition (opposite side, same side) and Simon condition (consistent, neutral,
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Figure 1. Mean response time as a function of post-response stimulus condition (opposite side, same
side) and Simon condition (consistent , neutral, inconsistent). From Hommel (1993). Inverting the
Simon effect by intention: Determinants of direction and extent of effects of irrelevant spatial informa-
tion. Psychological Research, 55, 270–279. Copyright © 1993 by Springer-Verlag. Adapted with
permission.



inconsistent). As can be seen, people were faster overall at emitting responses
under the same-side than under the opposite-side condition. Moreover, the
magnitudes of the Simon effect, Simon interference, and Simon facilitation
were all larger when post-response stimuli occurred on the same side than when
they occurred on the opposite side as the location of the button press.1

Although these data provide an important first step in addressing the previ-
ously mentioned issues, there are a number of factors that render the interpreta-
tion of Hommel’s (1993) results difficult. First, the Simon condition × Post-
response stimulus condition interaction did not reach significance. Thus, there
is, as yet, no statistical evidence in favour of the idea that the Simon effect can
be increased in the presence of same-side post-response stimuli. Second,
Hommel employed a between-subjects design, such that his participants only
experienced one of the post-response stimulus conditions. This allows for the
possibility that the overall difference observed in mean RT between the two
post-response stimulus conditions was caused by a failure of random assign-
ment. If this were the case, then one could account for the larger Simon effect in
the same-side as opposed to the opposite-side condition by reasoning that the
irrelevant spatial code had less time to “fade” over the course of the trial, and
was, thus, able to cause more interference/facilitation (e.g., see De Jong et al.,
1994; Hommel, 1994). Finally, a failure of random assignment could also
account for why mean RT on neutral trials differed between the two post-
response stimulus conditions.

In light of these limitations, the purpose of this study was to better address
the issues raised earlier, by replicating Hommel’s (1993) experiment using a
within-subjects design.

Method

In nearly all regards, the present study was typical of published Simon experi-
ments. Participants were asked to make a rapid, two-alternative, forced-choice
response to a visual stimulus while ignoring its spatial location. The only
change from what is usual was the addition of task-irrelevant, post-response
stimuli during two segments of the experimental session. These stimuli
occurred either on the opposite side as the produced response or on the same
side as the produced response. Between these two critical segments, the present
study also included a control condition that did not include any post-response
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stimuli. This latter condition was added to parallel previous experimental
designs (e.g., Hommel, 1996, Exp. 1). Because there were two different orders
of conditions, all participants began their session in a “baseline” replication of
the control condition. This segment provided practice making rapid, accurate
responses to (arbitrary) visual stimuli, and also allowed us to conduct a test for
successful random assignment.

Participants . A total of 40 undergraduates (mean age 19.25 years, range
18–23 years) from the Pennsylvania State University participated in return of
partial course credit. Twenty participants were assigned to each order group.
None reported any uncorrected visual or auditory deficits, and were all unaware
of the purpose of the study.

Apparatus. The experiment was run in a dimly-lit and sound-attenuated
booth. The presentation of stimuli and the recording of responses were
controlled by an IBM-compatible microcomputer that allowed for millisecond
timing resolution. The visual stimuli were presented on a SVGA monitor
approximately 60 cm in front of the participant. The auditory (post-response)
stimuli were presented using two loud-speakers approximately 90 cm from the
participant at angles of 45° to each side. Responses were made by pressing one
of two buttons (horizontally separated by about 9 cm) on a custom-made box.
Approximately 100 cN of force was required for switch closure.

Procedure. Each trial began with the presentation of a grey fixation cross
(0.48° × 0.48°) on a black background at the centre of the screen. After 350 ms,
fixation was removed and the screen remained blank for 150 ms. Finally, the
reaction stimulus appeared and remained visible until the participant made a
response or 1500 ms had elapsed. The reaction stimuli were the upper-case
letters H and S (0.57° × 0.95°) presented in white on a black background. The
reaction stimulus appeared either at fixation or 2.20° to one side of fixation. For
half of the participants in each group, the letter H was mapped onto the left
button and the letter S was mapped onto the right button; for the other half, the
mapping was reversed. The left and right index fingers were used to press
the left and right buttons, respectively. Trials for which the incorrect button was
pressed or for which RT exceeded 1500 ms were counted as errors and were
followed by written feedback on the computer monitor for 2 s that read “you
pressed the wrong button” or “no response was detected,” respectively. These
trials were followed by a recovery trial (for rationale, see Rabbitt, 1966) and
were repeated at a randomly chosen point later in the block.

Participants performed 16 blocks of about 40 pseudo-randomly ordered
trials (2 letters × 3 locations × 6 repetitions + practice trials), divided into 4
segments of 4 blocks each. The first and third segments did not include post-
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response stimuli. For half of the participants, the second segment included
same-side stimuli (i.e., the post-response stimuli occurred on the same side as
the button that was pressed), whereas the fourth segment included opposite-
side stimuli (i.e., the post-response stimuli occurred on the opposite side as the
button that was pressed). For the other half of the participants, the second and
fourth segments were reversed. The two orders of conditions will be referred to
as BSNO (i.e., baseline, same-side, none, opposite-side) and BONS (i.e.,
baseline, opposite-side, none, same-side).

There was an enforced, 7-s break between adjacent blocks during which
participants received summaries of their RTs and accuracies. There was a
longer break (30 s minimum) between segments, during which the participants
were told whether the following four blocks would contain “some noises and
lights between trials”. No other explicit instructions regarding the post-
response stimuli were given. The entire session lasted about 50 min.

Post-response stimuli. The post-response stimuli were both visual and
auditory. Starting within 14 ms of the response, a small plus-sign (identical
to the fixation cross) appeared 4.40° to one side of fixation. The location of
the plus-sign depended on the post-response stimulus condition and which
button had been pressed. Over the course of 250 ms, the plus-sign expanded
from 0.19° × 0.19° to 0.67° × 0.67° of visual angle. Simultaneously, a rising
tone (250–950 Hz; approximately 64 dB[A] measured at the participant’s
ear) was played from the speaker located on the same side as the expanding
plus-sign.

Data analysis. To reduce the possibility of carry-over effects, the first
block of each segment was treated as “practice” and these data were not
included in any of the reported analyses. The first five trials of all other blocks
were “warm-up” and were also omitted, as were error and recovery trials. For
the purposes of conducting statistical tests, the first segment (which never
included any post-response stimuli) was only used to verify that the two groups
of participants produced equal-sized Simon effects prior to the addition of post-
response stimuli. (In several, unreported experiments with smaller numbers of
participants, we observed a series of reliable failures of random assignment—
i.e., significant differences between groups prior to any between-subjects
manipulation.) The remaining three segments were used as the critical data. In a
second preliminary analysis, the possibility of an order effect (or an interaction
involving order) was tested. It was planned a priori to exclude order from
the main analyses if no main effect nor any interaction involving order was
significant. It was also planned to correct for violations of sphericity using the
Huynh-Feldt e and to define significance (after correction) using an a of .05 (to
facilitate reading, the uncorrected degrees of freedom are provided).
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Results

In the initial check for successful random assignment, the mean RT data from
the first segment of the experiment were analysed as a function of order
(BSNO, BONS) and Simon condition (consistent, neutral, inconsistent) in
a mixed-factor analysis of variance (ANOVA). As expected (or, at least, as
hoped), there was neither a main effect of order nor an interaction between
order and Simon condition (both Fs < 1). There was, however, a large and
significant main effect of Simon condition, F(2, 76) = 34.41, MSe = 494.17, e =
0.99. The mean Simon effects were 45 ± 10 and 35 ± 5 ms for the BSNO and
BONS groups, respectively.

In the second preliminary analysis, the mean RT data from the three main
segments were analysed as a function of order, Simon condition, and post-
response stimulus condition (opposite side, none, same side) in a mixed-factor
ANOVA. There was no main effect of order, no interaction between order and
Simon condition, no interaction between order and post-response stimulus
condition (all Fs < 1), and no three-way interaction, F(4, 152) = 1.58, MSe =
294.63, e = 0.90. Therefore, all subsequent analyses were collapsed across
order.

The main analysis examined mean RT as a function of Simon condition and
post-response stimulus condition (see Figure 2) in a repeated-measures
ANOVA. As is typical, there was a large main effect of Simon condition,
F(2, 78) = 150.86, MSe = 309.28, e = 0.82. In contrast, the main effect of
post-response stimulus condition was not significant, F(2, 78) = 2.34, MSe =
1138.38, e = 0.93. However, the interaction between Simon condition and post-
response stimulus condition was significant, F(4, 156) = 5.72, MSe = 299.14,
e = 0.90.

In a planned follow-up test, a repeated-measures ANOVA showed that
mean RT in the neutral Simon condition did not vary as a function of post-
response stimulus condition, F(2, 78) = 2.36, MSe = 575.00, e = 0.88. In a
separate test, the magnitudes of Simon interference and Simon facilitation were
computed for each participant and then analysed as a function of component
(Simon interference, Simon facilitation) and post-response stimulus condition
in a repeated-measures ANOVA. This analysis revealed that the amount of
Simon interference was larger than the amount of Simon facilitation, F(1, 39) =
65.93, MSe = 405.15, and that both changed as a function of post-response
stimulus condition, F(2, 78) = 13.59, MSe = 220.97, e = 1.00. Equally impor-
tant, the interaction between component and post-response stimulus condition
was not significant (F < 1), demonstrating that post-response stimuli altered
the size of Simon interference and Simon facilitation by similar amounts. The
apparent linear trends in the amounts of Simon interference and Simon facilita-
tion (as a function of post-response stimulus condition; see Figure 2) were also
significant, F(1, 39) = 28.12, MSe = 202.64.
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The participants were very accurate overall, making a mean of 2.37% errors.
The pattern of mean error rates essentially paralleled that of mean RT.
Collapsing across order, a repeated-measures ANOVA (performed on the
arcsine-transformed error rates) yielded a significant main effect of Simon
condition, F(2, 78) = 21.58, MSe = 0.01, e = 0.88, no main effect of post-
response stimulus condition, F(2, 78) = 1.84, MSe = 0.01, e = 1.00, and no
Simon condition × post-response stimulus condition interaction, F(4, 156) =
1.18, MSe = 0.01, e = 1.00.

DISCUSSION

The present results make three empirical points. First, the size of the Simon
effect can be altered by the addition of task-irrelevant, post-response stimuli.
Replicating the findings of Hommel (1993, 1996), when these stimuli occur on
the opposite side from the response, the Simon effect is reduced (from 30 ± 4 to
23 ± 3 ms) as compared to when no post-response stimuli are present.
Extending this pattern, when these stimuli occur on the same side as the
response, the Simon effect is enlarged (from 30 ± 4 to 47 ± 4 ms). Second, the
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Figure 2. Mean response time as a function of post-response stimulus condition (opposite side, none,
same side) and Simon condition (consistent, neutral, inconsistent).



influences of post-response stimuli on Simon interference and Simon facilita-
tion are similar. This supports the idea that the post-response stimuli are being
automatically integrated with their associated responses, such that they have
similar effects on all conditions with non-centred stimuli. Third, neutral Simon
trials are not affected by the inclusion of post-response stimuli. This supports
the idea that the inclusion of post-response events only affects performance
when the reaction stimulus shares at least one feature with them, as opposed to
altering processing in some general manner (e.g., causing general slowing,
such that the Simon effect was given a chance to “fade with time” in the
opposite-side condition).

More generally, these findings make it clear that the reliable consequences
of responses can be a source of compatibility effects. This is exactly what the
action-concept view predicts. Therefore, much more attention should be
devoted to this alternative to the traditional information-processing and ecolog-
ical views. Furthermore, additional attempts to integrate concepts from operant
and classical conditioning with modem models of human performance should
be undertaken.
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