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Summary
Allowing impulsive behavioral tendencies to drive actions can be fatal as most of the times
such actions lead to dire consequences. Crossing the street hastily, without looking on both
the sides, might cost as much as a person’s life. Such abrupt and unconsidered actions, thus,
need to be restrained to bypass unwanted ramifications. In the field of cognitive psychology,
dealing with impulsive response tendencies have been studied widely using distinct
conflicting paradigms, like the Stroop (Stroop, 1935), the Flanker (Eriksen & Eriksen, 1974;
Hübner, Steinhauser, & Lehle, 2008), and the Simon (Hübner & Mishra, 2013; Simon &
Rudell, 1967) These paradigms function by inducing opposing response tendencies in an
individual and the aim is usually to select the task-appropriate response over the more
impulsive wrong response. The present work examines the control mechanisms involved in
resolving conflict generated in one such conflicting paradigm: the Simon paradigm. Broadly,
two control processes are involved that serve to guide the selection of the appropriate
response: reduction of the task-irrelevant information at the very beginning of the selection
process by filtering it out of the attentional zone, or/and suppressing the irrelevant response at
the late selection phase. The present work is a further insight into these alleged mechanisms
to explore deeper into their underlying dynamics. Study I particularly focuses on the
dynamics of the late selection mechanism: selective-suppression of the irrelevant response,
and reflects that suppression need not follow a rigid temporal dynamics to fight against
conflict, as it has been proclaimed in literature. Instead, the activity of suppression is subject
to variations, which makes it more flexible in nature. Study II demonstrates the significance
of the early selection mechanism: gating, which together with late suppression, is sufficient to
explain the modulations in the Simon effect. Study III is a slight detour from the first two

studies as it addresses the question of adaptation of control mechanisms on the fly. The third
study demonstrates that it is indeed possible to modulate the control mechanisms on the fly,
by making the use of specific stimulus attributes. In a nutshell, the present work explores the
dynamics of different control mechanisms functioning to attenuate the response conflict in
the Simon paradigm and unleashes some of their new dimensions.

Zusammenfassung
Impulsiven Verhaltenstendenzen die Kontrolle über Handlungen zu überlassen kann tödlich
sein, da diese in den meisten Situationen zu ernsten Konsequenzen führen. Eilig die Straße zu
überqueren ohne nach beiden Seiten zu schauen kann eine Person unter Umständen das
Leben kosten. Solche abrupten und unüberlegten Handlungen müssen daher unterdrückt
werden, um ungewollte Konsequenzen zu vermeiden. In der kognitiven Psychologie wurde
der Umgang mit impulsiven Antworttendenzen unter Zuhilfenahme von verschiedenen
Konfliktparadigmen untersucht, wie dem Stroop-Test (Stroop, 1935), dem Flanker-Task
(Eriksen & Eriksen, 1974; Hübner et al., 2008) und dem Simon-Task (Hübner & Mishra,
2013; Simon & Rudell, 1967). Diese Paradigmen lösen gegensätzliche Antworttendenzen aus
und das Ziel ist üblicherweise die der Aufgabe angemessene Antwort zu wählen und nicht die
impulsiv bevorzugte aber falsche Alternative. Die vorliegende Arbeit untersucht die
Kontrollmechanismen, welche an der Lösung des Handlungskonfliktes, der im Simon-Task
erzeugt wird, beteiligt sind. Im Allgemeinen sind zwei Kontrollmechanismen beteiligt,
welche die Auswahl der richtigen Antwort leiten: Reduktion der aufgabenirrelevanten
Information zu Beginn des Auswahlprozesses durch Ausfiltern der irrelevanten Information
aus der Aufmerksamkeitszone und/oder die Hemmung der irrelevanten Antwort in der
späteren Handlungsauswahlphase. Die vorliegende Arbeit ist ein weiterer Einblick in diese
angenommenen Mechanismen und untersucht die zugrundeliegenden Dynamiken. Die erste
Studie untersucht den späten Selektionsprozess, die selektive Hemmung der irrelevanten
Antwort. Sie beschreibt, dass die Hemmung keiner rigiden temporalen Dynamik folgt, um
Handlungskonflikte

zu beherrschen, wie es bisher in der Literatur beschrieben wurde.

Stattdessen variiert die Hemmung und stellt sich flexibel dar. Die zweite Studie demonstriert

die Wichtigkeit des frühen Selektionsmechanismus: Gating gepaart mit der späten Hemmung,
sind diese beiden Mechanismen ausreichend zur Beschreibung der Modulation des SimonEffekts. Die dritte Studie weicht von den ersten beiden insofern ab, als dass sie die Frage der
dynamischen Anpassung der Aufmerksamkeitsselektivität während der Aufgabenausführung
untersucht. Zusätzlich zu den konventionellen Kontrollmechanismen (Hemmung), ist es
interessant herauszufinden, ob der Handlungskonflikt

auch durch weitere nicht-

konventionelle Mechanismen reduziert werden kann. Die dritte Studie zeigt, dass es durch die
Nutzung spezifischer Stimuluseigenschaften möglich ist die Höhe des Konflikts dynamisch
zu reduzieren. Kurz gefasst untersucht die vorliegende Arbeit die Funktion verschiedener
Kontrollmechanismen, die im Simon-Task erzeugte Handlungskonflikte reduzieren und zeigt
einige neue Dimensionen dieser Mechanismen auf.
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1. General Introduction
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In our everyday lives we are confronted with situations which activate impulsive
response tendencies that are in conflict with the desired appropriate behavior. Such impulsive
actions often lead to unwanted consequences and hence must be controlled. For example,
crossing the street hastily without looking for traffic on the both the sides, is a fatal impulsive
action. Likewise, there are various other occasions where the need for behavioral restrain
becomes very important in order to produce an appropriate response. Over the years, many
psychologists have studied cognitive processing involved in controlling impulsive responses
to visual and auditory stimuli. To serve the purpose, several experimental conflict paradigms,
such as the Stroop (Steinhauser & Hübner, 2009; Stroop, 1935), the Flanker (Eriksen &
Eriksen, 1974; Hübner, Steinhauser, & Lehle, 2010), or the Simon (Hübner & Mishra, 2013;
Miles & Proctor, 2011; Simon, 1969) have been developed. These paradigms function by
inducing response conflict in an individual that needs to be resolved to execute the taskappropriate response.

1.1. Conflicting paradigms
As afore-mentioned, there are three important conflicting paradigms namely the
Stroop, the Flanker and the Simon, which have been used widely to study human cognitive
control mechanisms. While the nature of conflict predominantly remains similar across these
paradigms, what differs is its source. In the Stroop paradigm, conflict is generated by an
inherent attribute of the stimulus, while in the Simon paradigm, the source of conflict is more
of an external stimulus feature; its location. In the Flanker paradigm, however, the source of
conflict is a group of stimuli (2 or more than 2), surrounding the target stimulus. Thus, while
in the Stroop and the Simon paradigms, the source of conflict is spatially bound with the
stimulus relevant attribute, in the Flanker paradigm, it is spatially separated from the target
stimulus.
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In the most typical version of the Stroop paradigm, participants are required to
respond to the color in which a colored-word is printed. Thus, color of the word forms its
relevant attribute while its meaning forms the irrelevant attribute. The task requires
participants to respond to the color while ignore the meaning of the word. A typical
observation is that participants respond faster and more accurate at naming the “color” when
both meaning and color are the same (e.g., RED written in RED), compared to when they are
different (e.g., GREEN written in RED). Conditions where task relevant and irrelevant
attributes are the same are referred to as congruent conditions, while where they are different,
are referred to as incongruent conditions, and the difference in performance between these
conditions is referred to as the Stroop effect (Logan & Zbrodoff, 1979; Stroop, 1935). It’s a
known fact that participants are faster and more accurate on congruent condition due to the
absence of any conflict; however what still is a topic of controversy is where exactly the
conflict occurs on incongruent condition. The conflict between the task relevant and
irrelevant stimulus attributes could either occur at a more perceptual level or at a relatively
late response selection level. For instance in the above example, if the task of the participant
is to press left hand key for color red and right hand key for color green, then on incongruent
condition the conflict could either occur between the color codes red and green making it
more perceptual in nature, or it could also occur between the response codes left and right
after the colors have been translated into respective spatial response codes (see Figure 1-1).
Thus the multitude of relationships in the Stroop paradigm makes the possible effects
difficult to interpret (Hommel, 2011)
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Figure 1-1: Stroop effect reprinted from Hommel (2011)

In the Flanker paradigm, there is one central target stimulus which is flanked by 2 or
more than 2 stimuli, called as flankers, and the task of participants is to respond to the
identity of the central target while ignore the flankers. Similar to the Stroop, in this paradigm
also participants are faster and more accurate when both target and flankers activate the same
response (congruent condition) than when they activate different responses (incongruent
condition), and the difference in performance is known as the flanker congruency effect
(Eriksen & Schultz, 1979; Hübner et al., 2008). For example, the task may require
participants to press the left mouse button to a letter H and right mouse button to a letter S. A
typical observation is that participants are faster at responding to the central target in a
congruent stimuli array like HHH as compared to an incongruent array HSH. The impairment
in performance on incongruent array may either be due to perceptual conflict between the H
code and the S code, or between the response codes left and right that are mapped onto the
target and the flankers. Thus the multitude of relationships again makes the interpretation of
possible effects considerably less straight forward.

Page |5

Another important task exemplar where the response conflict is generated by the
irrelevant attribute of a single stimulus is the Simon paradigm, which is the focus of my
current work.

1.2. A brief history on the Simon effect
The present work deals with investigating the cognitive processes involved in
resolving conflict present in the Simon paradigm, which pits “automatic”, involuntary,
response activation against controlled, goal directed activation. The first Simon-type effect
was reported by Simon and Rudell (1967), where the task of participants was to press right
and left keys in response to auditory words right and left, respectively. The sounds came
through the right and left speaker of the headphone. Participants were instructed to ignore the
location of the sound and only respond to the meaning of the words. However, the main
finding was that participants were unable to ignore the location of the sound. They were
faster when the location of the word corresponded with the desired response key than when it
did not. The slowing down of response when the location of the word did not match with the
desired response implied that location also activated its corresponding response which
interfered with the desired response and hence lengthened the reaction times. However, the
conflict could also be present at a relatively early perceptual level between the meaning of the
word and its location, which would also produce a similar effect. For example, if the word
right is presented on the left side, the conflict could also generate due to the semantic
incongruence between the word and its location: a kind of a Stroop effect. Thus from the
above study it was not confirmed that the slowing down of response occurred due to the
conflict between the response codes activated by the word and location or due to the conflict
between respective perceptual semantic codes. In order to verify the nature of the conflict
further, Simon and Small (1969), conducted an experiment in which instead of auditory
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words left and right, different pitched tones: high and low were presented to the left and to
the right of the participants. In this way the semantic incongruence between the attributes of
the same stimulus was avoided. Participants were still faster when the location of the tone
corresponded with the task appropriate response than when it did not, which confirmed that
the Simon effect is a pure measure of the impact of task irrelevant stimulus location on
response selection (Hommel, 2011).

1.3. The Simon task and the Simon effect
As aforementioned, the primitive designs of the Simon paradigm mostly consisted of
auditory target stimuli like auditory words or high and low pitched tones. Later on, however,
the target stimuli also became visual. The task was the same i.e. participants had to make
spatially lateralized responses to a given attribute of the visual stimulus while ignore its
spatial location (Danziger, Kingstone, & Snyder, 1998). For example, participants might be
instructed to issue a discriminative response to the color of stimulus; to press the left response
button when the circle is blue and to issue a right button press when the circle is green. The
colored circles are presented to the right or to the left of the fixation point (Van Den
Wildenberg, Wylie, Forstmann, Burle, Hasbroucq, & Ridderinkhof, 2010). Reaction times
are slower when the location of the stimulus does not correspond with the task-appropriate
response than when it corresponds, referred to as the Simon effect. Trials on which responses
activated by task-relevant and task-irrelevant stimulus attributes are the same, are referred to
as congruent trials, whereas when they are different, are referred to as incongruent trials,
comparable to the Stroop and the Flanker paradigms.
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1.4. Nature of conflict in the Simon task
The congruency effects in the Simon paradigm result from conflict at the level of
response selection rather than response execution or stimulus encoding (Lu & Proctor, 1994).
A simple account based on the effects at the level of response execution might suggest that
stimuli located on the left should speed up the execution of left-hand responses, possibly as a
result of intra-hemispheric activation. However, numerous studies have demonstrated that if
hands are crossed, advantages are found for targets compatible with the response location and
not the responding hand (Simon, Hinrichs, & Craft, 1970; Wallace, 1971).
A clear demonstration of where conflict occurs in the Simon paradigm comes from
Hommel (1993a). In these experiments, participants made judgments about the pitch of
lateralized tones. In all cases, responses were made by lateralized key presses, which
triggered the onset of the light in the opposite visual field. The group of participants under the
“key press instructions” were instructed to press the left or the right key in response to the
identity of the tone; left key for low tone. This key press had the side effect on the
contralateral light. The group under “light instructions” maintained the same key assignments
but was instead asked to turn on the right or the left light (in this example, turn on the right
light in response to the low tone). In this way, while the mapping of stimuli to key press
responses were identical for the groups, the groups differed in how they encoded the purpose
of their actions. For both groups, responses were fastest when the tone appeared on the same
side as the outcome of the intended action: the key press for the key press group and the light
for the light. This suggests that the relevant and the irrelevant spatial codes in the Simon
paradigm clash at a level of processing that specifies the effect and intention of responses
(Ward, Danziger, Quirk, Goodson, & Downing, 2005).
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1.5. Formation of irrelevant location code:
Premotor theory of attention
An overview on the Simon effect provides an explanation to what the effect is and
why it occurs, but at the same time it raises the question: how it works? Just to revise, Simon
effect is the difference in performance between congruent and incongruent conditions as
measured in terms of reaction time and accuracy, and it occurs due to the conflict between the
response codes activated by stimulus location and the relevant attribute. If the Simon effect is
caused due to the processing of irrelevant location, the question is why people process it in
the first place when they don’t need it? Moreover given that participants do process location
and form the corresponding spatial code; left or right, then how exactly are these codes
formed?
Nicoletti and Umiltà (1994) attempted to provide an answer to the formation of spatial
codes through an attentional perspective. They argued that the shifts in attention are
responsible for the coding of spatial information of the stimulus. They conducted an
experiment where participants were presented with six boxes on a screen. The target was a
simple visual stimulus which could appear with equal probability in any one of the six boxes
(see Figure 1-2, A, B, C). In the first experiment, participants fixated at a cross at the center
of the screen. Left responses were faster when the target came to the left of the fixation cross
and right responses were faster when the target appeared on the right of the cross. In the
second experiment participants had to fixate at the cross left or right of the whole display but
attend to the center of the screen. Again the left responses were faster when the target came to
the left of the center of the screen and right responses were faster when it appeared to the
right of the center of the screen, suggesting that it is the focus of attention which matters for
spatial coding and not the retina. In the third experiment participants were to attend to a tiny
square in between any two boxes. Here also left responses were faster if the target appeared
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to the left of the attended square and right responses were faster when it appeared to the right
of the square (Nicoletti & Umiltá, 1989). These results showed that the focus of attention was
important in coding the location of stimulus as left or right, such that when location and
response code matched, responses were faster than when they did not match (Hommel, 2011).
The location of the target stimulus with respect to the current focus of attention seemed to be
a sufficient explanation for spatial coding until, however, Nicoletti and Umiltà (1994)
considered another explanation. They argued that it was not the current focus of attention
which was responsible for generating the spatial codes, but the shift of attention from the
previous to the current location, that was important for spatial coding. For example in the
above experiment 1, location was not coded as left because the target stimulus appeared to the
left of the current focus of attention, but because attention needed to be shifted to the left from
the center in order to focus on the target. Hence they argued that it was the shift in attention
from the center to the left, which labelled or coded the location as being left. This shift in
attention theory is referred to as the premotor theory of attention (Nicoletti & Umiltà, 1994;
Stoffer, 1991) . They further hypothesized that if the shift in attention was somehow
prevented, this should prevent the stimulus from being spatially coded and thus in turn should
prevent the Simon effect from occurring. To test this hypothesis, they re-conducted the 1989
experiment with a slight change in design. Participants were shown six boxes on screen and
the target could appear on any one of the six boxes. They had to fixate at the cross which was
presented at the center of the whole display. The important manipulation was that there
appeared a small letter right below the fixation cross (see Figure 1-2, D), and participants
were asked to report that letter. The assumption was that requirement of reporting the letter
would prevent their attention from shifting towards the target stimulus which would prevent
any spatial coding. As expected, they did not find any Simon effect in this condition, which
supported the premotor theory strongly.
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Figure 1-2: Examples of visual display used in the studies of Nicoletti and
Umiltá (1989) and Nicoletti and Umiltà (1994), reprinted from Hommel
(2011)

Nicoletti and Umiltà (1994) claimed that the premotor theory would explain the
reason behind the formation of location codes in the Simon paradigm, though being task
irrelevant. Normally the Simon paradigm requires participant to focus at the central fixation
cross. This way, initially, their focus of attention is at the center of the screen. Afterwards the
target stimulus appears, either to the left or to the right of the fixation and that requires
participants to shift their focus of attention from the center to the target’s location in order to
process the task-relevant target attribute like its color or shape. Such a shift in attention
eventually leads to the formation of unnecessary spatial codes.

P a g e | 11

1.6. A challenge to the Premotor theory of
attention
As stated above, premotor theory predicted no Simon effect in conditions where the
attention orienting towards the target stimulus could be prevented. This is because in the
absence of any attentional shift towards the target, there would be no encoding of the target’s
location and hence no interference in response selection. Zimba and Brito (1995) tried to test
this prediction by measuring the Simon effect in an attention-precuing task. In an attentionprecuing task, there is a visual precue which indicates the most probable spatial location of
the upcoming target stimulus. There were two kinds of visual precues used in the experiment:
central and peripheral and were presented in a blocked fashion. Central precues were two
arrowheads- one pointed to the left and the other to the right and were presented at the center
of the screen, while peripheral precues were two pairs of yellow LEDs. On 80% of trials, the
precues were valid i.e. they cued the location of the upcoming target correctly; while on the
remaining 20% trials the precues were invalid i.e. they cued the location of the target
incorrectly. The temporal interval between the precue and the target stimulus was varied
randomly from trial to trial ranging from 50 ms to 2000 ms. The task of participants was to
differently respond to the color of LED which was either red or green and appeared either to
the left or to the right of the center of screen. The primary goal of this study was to examine
the magnitude of Simon effect under conditions of valid and invalid precuing.
The authors hypothesized that if the premotor theory was correct, there should be no
Simon effect on valid trials because attention would already be focused on the target’s
location prior to its presentation. Thus in the absence of any attention shifting from the cued
location to the target’s location (as both are the same), there would be no encoding of
stimulus location and hence no response interference on incongruent trials. On invalid trials,
however, the onset of the target stimulus would initiate reorienting of the attentional focus
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from the cued to the uncued location and thus a Simon effect would be expected. The
analysis of data, however, revealed a significant Simon effect both when target appeared at a
precued, attended location, as well as when it appeared at an uncued, unattended location.
Moreover the effect was obtained over a large range of precue-target interval and did not
depend on whether central or peripheral precues were used to direct attention towards target’s
likely position. These findings contradicted the prediction of premotor theory that a Simon
effect would not manifest under valid precue condition. How can this discrepancy be then
explained? It was observed that in studies where no Simon effect was obtained under valid
precue condition was because those studies differed from the present study in two main
aspects:
1: First the validity of precue in other studies was 100% while in this experiment it
was 80%. Thus in this study on every trial there was 20% uncertainty that the target would
appear in the cued location while in other studies there was no such uncertainty at all. It was
conceived that the uncertainty about the target’s location might have been responsible for the
observed effect on valid precue condition.
2: Secondly in this study there was a large range of precue-target interval (50 ms to
2000 ms) presented in a random fashion in every block. This induced a temporal uncertainty
regarding when the target would appear on every trial. The temporal uncertainty of the target,
like its spatial uncertainty, was likely to produce the same effect on valid trials.
The above study did not rule out the premotor theory completely, but did put a
question mark on its generality. These results suggested that the degrees of spatial and
temporal uncertainties associated with the target event are important factors and must be
incorporated into the premotor theory to account for the observed pattern of results (Zimba &
Brito, 1995).
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1.7. Perception to action: The dual route model
for the Simon effect
Despite limitations on its generality, the premotor theory of attention can still
satisfactorily account for the formation of spatial location codes in the Simon paradigm. The
next question is how location codes are translated into corresponding response codes that
produces the necessary facilitation or interference at the response selection stage. To account
for this, Kornblum, Hasbroucq, and Osman (1990) proposed the dual-route model for
stimulus-response (S-R) congruency effects. By S-R congruency effects is meant the effects
on the response speed of the congruency relations as they exist between the stimulus aspects
and the response aspects. If one stimulus attribute has been attributed as task relevant
associated with a particular response, the other stimulus attributes are then task irrelevant but
may nonetheless also have a correspondence relation with the response. Although dual-route
models had been formulated previously, the Kornblum et al., model has served as a
significant impetus for subsequent research into S-R congruency effects. The rudimentary
dual-route architecture of the Kornblum et al., model has been embraced by many authors in
this field (De Jong, Liang, & Lauber, 1994; Eimer, Hommel, & Prinz, 1995; Lu & Proctor,
1995; Ridderinkhof, van der Molen, & Bashore, 1995). For instance, the dual-route model
has been proposed explicitly for S-R congruency effects in the Simon paradigm (De Jong et
al., 1994). According to this model, the processing of stimulus location is highly automatic
which requires no attentional resources. Soon after spatial encoding, that code is converted
into the corresponding response code via a direct processing route. The processing via the
direct route is unconditional i.e. it is independent of any stimulus-response mapping
instructions. This implies that a stimulus appearing on left will automatically activate the left
response code without having the need to process the location actively. In contrast, the
translation of stimulus relevant attribute like its shape or color into the desired response code

P a g e | 14

is more of an active process requiring extra attentional resources. The translation of the
relevant attribute into the desired response code takes place via a slow deliberate processing
route. The processing via the deliberate route is conditional i.e. it depends on the S-R
mapping instructions. This implies that the relevant attribute like color or shape does not
activate the response code automatically but instead has to be slowly translated into the task
appropriate response via the deliberate route. On congruent trials, the direct route and the
deliberate processing route converge on activation of the same response code and in doing so;
facilitate both reaction time and accuracy. In contrast, on incongruent trials the two routes
converge on different response codes and, thus, produce a response conflict which
consequently results in increased reaction times and large error rates (Van Den Wildenberg et
al., 2010).
In the example given below (see Figure 1-3), the task of participants is to press the
left button to a blue circle and right button to a green circle, as indicated by the dashed line.
Responses are also driven by the irrelevant stimulus attribute i.e. circle location, as indicated
by the solid line. On congruent trials (referred to as compatible in the Figure 1-3), both
relevant (color) and irrelevant (location) stimulus attributes activate the correct response
code. On incongruent trials (referred to as incompatible in the Figure 1-3), the irrelevant
attribute activates an incorrect response code which interferes with selection of the correct
response and produces the Simon effect (Van Den Wildenberg et al., 2010).
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Figure 1-3: Simon task reprinted from Van Den Wildenberg et al. (2010).

1.8. Inhibition of irrelevant location code:
Activation-suppression hypothesis
As yet few researchers have addressed the issue of whether the processing via the
direct and the deliberate route is subject to control. For example psychologists like
Ridderinkhof (2002a) , Hommel (1993b, 1994b), found out a reduction in the size of the
Simon effect with an increase in reaction time, on the basis of which they inferred that
subjects must have some control over the direct route. To account for the reduction in the
Simon effect with an increase in RT, Ridderinkhof (2002a), formulated the activationsuppression hypothesis which was an extension to the dual-route model (see Figure 1-4). The
activation-suppression hypothesis holds that the direct activation resulting from irrelevant
location is “selectively inhibited” along the direct route. Selective suppression, however,
takes some time to build up and hence becomes effective only after a given amount of time
(Ridderinkhof, 2002a; Ridderinkhof, van den Wildenberg, Wijnen, & Burle, 2004). As the
name suggests, activation-suppression hypothesis first assumes that there is an activation of
the response codes associated with the target features and then selective suppression of the
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irrelevant response activation. Ridderinkhof (2002b) proposed that the activation of response
codes is subject to variability i.e. the time to encode and identify stimulus features and to
select the appropriate response on the basis of target features varies from trial to trial, and as a
consequence, the time course and strength of direct activation vary from trial to trial. This
notion was referred as the activation-variability premise. Based on the activation variability
premise, it was assumed that the slower the processing in the deliberate route, the more time
there is for response activation along the direct route. Thus on incongruent trials, if the
deliberate response processing is too slow, the buildup of activation for the incorrect response
along the direct route could attain higher amplitudes or may even cross the threshold at which
an overt response is omitted. On the other hand, if the deliberate response processing is
relatively fast, then the buildup of irrelevant activation would not be able to reach high
amplitudes before the activation along the deliberate route takes over. Given the assumption
that suppression takes some time to become effective, the model predicts that if processing
via the deliberate route is slow, faster responses on incongruent trials should be more
vulnerable to impulsive actions captured by location as compared to slower responses since
for slower responses suppression would have more time for inhibition which might prevent
the irrelevant activation from crossing the response threshold (Van Den Wildenberg et al.,
2010). Thus the activation-suppression hypothesis refines the dual-route model by
incorporating specific hypothesis about the temporal dynamics of incorrect response
activation followed by selective suppression of unwanted impulsive actions.

P a g e | 17

Figure 1-4: Activation-suppression
Wildenberg et al. (2010).
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In the example quoted in Figure 1-3, the task of the participants is to press left button
in response to blue circle and right button in response to green circle. According to the dualroute model, the relevant stimulus attribute (color) is processed via the slow deliberate route
(represented in blue) while the irrelevant location attribute (right location activating the right
hand) is processed via the fast direct route (represented in red in Figure 1-4). According to
activation-suppression hypothesis, selective suppression of the location-based activation by
the inhibition module (represented in light purple in Figure 1-4 ) builds up gradually and
facilitates the selection and execution of the correct response (Van Den Wildenberg et al.,
2010).
According to Ridderinkhof (2002b), the selective suppression of direct activation is
also subject to variability like activation, which means that the strength, onset time, and/or
build-up rate of selective suppression may vary from one participant to the other or even from
one trial to the other. Ridderinkhof referred to this variability as the suppression-variability
premise. Based on the suppression-variability premise the dual-route model predicts that in
conditions where selective suppression is relatively strong (starts early or builds up quickly),
the effects of direct activation should be shorter-lived than in conditions where selective
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suppression is relatively weak (starts late or builds up slowly). The subjective variability in
the strength and onset of suppression has different implications on congruent and incongruent
trials. When suppression is weak, the activation of the automatic response along the direct
activation route exceeds the response threshold sooner as compared to when suppression is
strong. This benefits fast congruent trials but proves fatal for fast incongruent trials. On the
other hand when suppression is strong, the activation of the automatic response along the
direct route is checked soon, which benefits fast incongruent trials but may lead to slow
correct responses on congruent trials. Thus while with weak inhibition only the slower
incongruent responses benefit from selective suppression; with stronger inhibition, the benefit
also extends to relatively fast responses (Ridderinkhof, 2002b).

1.9. Distributional analysis of activation
suppression
The dynamics of activation-suppression can be examined using a special set of
analytical tools: distributional analysis. The three most important tools available for
distributional analysis are cumulative density functions (CDFs), conditional accuracy
functions (CAFs) and delta functions. CDFs plot the cumulative probability of responding as
a function of response speed, CAFs plot the accuracy of responding as a function of response
speed and delta functions plot the effect size as a function of response speed. Delta functions
can be derived directly from the CDFs (when plotting RT effects) or from CAFs (when
plotting accuracy effects). For each RT bin or quintile (bins are made by averaging the data
typically into 5 reaction time sections starting from the lowest RT to the highest: .1, .3, .5, .7,
.9) , the difference in RT or accuracy of congruent and incongruent condition is plotted on the
Y axis against the mean of the RTs of congruent and incongruent conditions in that quintile
(Ridderinkhof, 2002a). While delta functions prototypically have a positive slope which
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means that the effects of any experimental factor increases as a function of reaction time
(e.g., Eriksen Flanker paradigm), the notion that selective suppression reduces the effect size
with an increase in reaction time implies that slope of the delta function should not increase
linearly but instead level off, reduce or even become negative for slow responses
(Ridderinkhof et al., 2004). The change in the slope of delta function from positive to
negative reflects that Simon effect reduces with an increase in RT reflecting a gradual
development in the strength of selective suppression. The temporal dynamics of selective
suppression further implies that fast responses on incongruent trials should be more prone to
errors than slow responses since the probability to respond impulsively in the direction of
irrelevant location is much higher for fast responses when suppression is still growing. This
probability is reflected in the conditional accuracy function where the Simon effect is large in
the beginning, reflecting a large proportion of fast errors on incongruent trials, but reduces
towards the end. As can be seen below in Figure 1-5, the accuracy percentage in the
congruent condition remains above 95% and almost constant throughout the RT distribution
while there is a sharp increase in accuracy from around 75% to close to 98% in incongruent
condition. This shows a different impact of selective suppression on congruent and
incongruent conditions. The weak suppression in the beginning does not affect the accuracy
of congruent condition but is responsible for many fast errors on incongruent condition, as
shown in the Figure 1-5. This is because fast responses are mostly captured by location as it
is processed quickly and also since suppression is not strong enough to inhibit the irrelevant
activation. These location driven fast responses are correct on congruent trials but incorrect
on incongruent trials. However, as suppression becomes stronger with an increase in RT, it
effectively inhibits the irrelevant activation on incongruent trials and results in correct but
slow responses. This is reflected by a sharp increase in accuracy towards the end of the delta
function in the incongruent condition.

P a g e | 20

Figure 1-6: CAF showing increased fast errors in incongruent condition,
reprinted from Van Den Wildenberg et al. (2010).

It is established that selective suppression takes some time to build up which is
reflected through a pattern of reduced interference in the slower RT segments of delta
function. However, this does not imply that the effects of selective suppression may not
become evident in earlier RT segments. According to the suppression variability premise
conditions where selective suppression is stronger, starts early or builds up rapidly, show a
reduced Simon effect also for faster reactions times where the slope of the delta function
turns negative from positive earlier in RT distribution (Van Den Wildenberg et al., 2010).
Ridderinkhof (2002a) conducted a study to explore the dynamics of selective suppression
using the distributional analysis described above under conditions that vary the strength of
suppression in the Simon paradigm. In the study, a regular Simon paradigm was embedded in
two different contexts: one context emphasizing the need to suppress location-driven
activation as in the Simon task, the other context opposing this requirement. The dynamics of
direct activation and selective suppression were compared between these two conditions. If
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conditions differ in terms of strength of suppression, this would be reflected in the delta plots.
There were two main experimental conditions. In one condition participants had to respond to
the color of the target stimulus (regular Simon paradigm) on 75% of trials, while they had to
respond to the shape of another stimulus on 25% trials. Thus is this condition the Simon
paradigm was mixed with a task which also required responding to the shape of the stimulus
while ignore its location. This condition was referred as the context in which location was
irrelevant (CLI). In the second condition the Simon paradigm was the same i.e. participants
had to respond to the color of the target stimulus on 75% trials but on the remaining 25%
trials they had to respond to the location of the stimulus of the intermixed task. Thus in this
condition the Simon paradigm was mixed with a task which required attending the stimulus
location and ignore its shape. This condition was referred as the context in which location
was a target (CLT). It was hypothesized that the Simon effect would be smaller in CLI
compared to the CLT condition since CLI required suppressing location more than CLT
where location was a relevant attribute on 25% of trials. As hypothesized, the congruency
effect on RT was substantially reduced in the CLI as compared to the CLT condition. An
attenuated Simon effect in a condition where the location-driven activation should always be
suppressed demonstrated that it is indeed possible to vary the suppression strength by
changing the requirements of the task, as in this study. The reduced Simon effect in CLI
context was reflected through a negative going delta slope also for the fast responses,
implying an overall stronger suppression in this condition.

1.10.
An alternative approach to the
reduction in the Simon effect: Temporal
overlap hypothesis
An alternative approach to the reduction in the Simon effect was provided by
Hommel (1993b, 1994a) who suggested that every experimental manipulation that markedly
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increases the temporal distance between the formation of the relevant stimulus code and the
irrelevant stimulus code leads to a decreased Simon effect. Accordingly, trials on which taskrelevant information is processed slowly, response translation takes place, at least partly, after
the irrelevant location-induced activation has decayed so that the period of interference is
relatively short. In contrast, on trials where the relevant information is processed rapidly, the
translation process overlaps temporally to a large extent with the irrelevant activation which
produces a substantial interference (Hübner & Mishra, 2014). This theory is known as the
temporal overlap hypothesis. Hommel (1993b) tested the temporal overlap hypothesis by
conducting a series of experiments where he manipulated factors which delayed the early
stages of stimulus processing, like stimulus eccentricity, quality and contrast. By such a
manipulation he ensured that stimuli were built up on a screen over time so that the temporal
distance between the formation of the stimulus and the location codes could be controlled
experimentally. He observed that the Simon effect was smaller when stimulus appeared at a
higher eccentricity as compared to lower eccentricity. Similarly the effect size was smaller
when the stimulus quality was degraded or when its contrast with respect to the background
was poor. The results implied that conditions, which were assumed to delay the identification
of stimulus like higher eccentricity or low stimulus quality, produced smaller Simon effect as
compared to conditions which did not. For example, for eccentricity manipulation it was
argued that at a higher eccentricity the retinal acuity for the visual stimulus decreased and
thus the analysis of stimulus identity was hampered the more peripheral the stimulus was
presented. However the analysis of stimulus location was not affected by the increase in
eccentricity since it was assumed that a decrease in retinal acuity delayed the information
about what the stimulus was but not where it was presented. This produced a temporal
distance between the processing of identity and location where location code was formed a
priori. Thus, by the time the identity was processed, the irrelevant location code had already
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decayed, at least partly, resulting into smaller interference at the response selection stage and
thus a small Simon effect.
Early support for the temporal-overlap hypothesis was provided by Simon, Acosta,
Mewaldt, and Speidel (1976). In their study they presented relevant as well as irrelevant
information at the beginning of a trial, but the response had to be delayed until a go-signal
(tone) appeared which came up to 0, 150, 250, 350 ms after the stimulus onset. The size of
the Simon effect decreased with increasing go signal delay, which was consistent with the
notion of automatically activated but fast decaying location codes. Another evidence for
temporal-overlap hypothesis came from Hommel (1994a) where it was shown that the Simon
effect could be reduced or even eliminated by the introduction of manipulations that slow
down the processing of the relevant stimulus information selectively without affecting the
time point of location coding. There were two tasks, in one task participants had to give a
discriminative response to the color of the stimulus, while in the other task they had to
respond to the form of the stimulus. The colored stimuli were green and red solid rectangles
while the form stimuli were square and rectangular outlines. The target stimulus always
appeared within one of the two frames which were presented to the left or to the right of the
fixation cross. One of the main results was a significant three way interaction between
stimulus type, stimulus side and the response location, such that the side and response
location interacted in the color condition, while no such interaction was observed in the form
condition. The result showed that the Simon effect depends on the kind of the stimulus
employed. In the color condition, the identification of the target stimulus was much easier as
the stimulus was easy to discriminate from the background, while in the form condition, since
both target (rectangle/square) and the background (the outer frame containing the target)
shared the same features, it made the target discrimination more difficult. Thus the processing
of the relevant stimulus information was slowed down in the form condition; however, the
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processing of the irrelevant location information was not hampered by this manipulation
which produced a temporal gap between the two processing. Finally by the time form was
translated into the desired response, the irrelevant response activated by location had already
decayed, at least partly, resulting in much less response conflict and a small Simon effect.
These results, thus, strongly supported the temporal overlap hypothesis.
The temporal overlap hypothesis differs from the activation-suppression hypothesis in
some of its underlying mechanisms. The first difference is, while the activation-variability
premise as proposed by Ridderinkhof (2002b) assumes that if processing of the relevant
stimulus feature along the deliberate route is slow due to stimulus complexity, the direct
activation along the direct route would attain higher amplitudes and may even cross the
response threshold leading into a fast incorrect response, the temporal overlap hypothesis
predicts the opposite i.e. if processing along the deliberate route is slow, the direct activation
along the direct route will decay automatically resulting into a correct response due to no
response conflict. This implies that both the hypotheses predict opposite outcomes of the
temporal race between the processing of the relevant and the irrelevant stimulus attributes.
The second difference is, while the temporal overlap hypothesis rests on the idea of passive
decay of irrelevant activation along the direct route; activation-suppression rests on the more
active form of inhibition. According to Lu and Proctor (1995), decay is an automatic process
that is an inherent property of activated response codes, whereas suppression is a nonautomatic process which is externally imposed upon the activation of the irrelevant response
codes. Nevertheless, despite the differences in the involved mechanisms, both activationsuppression and temporal-overlap hypotheses assume that the activation of response along
the direct route is subject to control, either through spontaneous decay or more active forms
of inhibition.
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1.11.
Contextual modulations of the Simon
effect
According to activation-suppression hypothesis, the activation of responses is subject
to variability and so is suppression of the irrelevant activation. Many studies have shown how
activation and suppression might be affected by the cautiousness property of the task.
Cautiousness property of the task implies the degree of caution with which the task is
performed. Some conditions of the task may lead to an impulsive action allowing any input to
drive our actions, while other conditions may yield a more conservative style making sure
that the action is completely appropriate before letting go. Thus the nature of the task may
drive the degree of cautiousness with which it is performed. Apparently the cautiousness of
the task is not fixed and can vary depending on the circumstances. In literature, two different
types of adjustment of the cautiousness property have been mentioned: micro-adjustment and
macro-adjustment. Macro-adjustment refers to a long term setting of the cautiousness
property of the task set in response to factors that are likely to remain constant for some time.
For example, if error commission is of negative consequence, then fast guessing is a good
strategy, but if it yields penalty, then changing to a more conservative strategy is more
reasonable to avoid unpleasant consequences. Micro-adjustment of the cautiousness property
of the task set refers to trial-by-trial modifications in response to specific factors that change
rapidly. For example, receiving a penalty for the wrong response might make participants
switch to a more conservative strategy on the next trial. These micro- and macro-adjustments
of the cautiousness property of the task were examined in the context of the Simon effect as
discussed below (Ridderinkhof, 2002b).
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1.11.1.

Micro-adjustments of the task set

Micro-adjustment of the cautiousness property of the task set refers to trial-by-trial
modifications in response to specific factors that change rapidly with time, for example
modifications invoked by the commission of incidental errors. Participants typically display
post-error slowing in a choice reaction time, i.e. their response speed decreases immediately
after an error has been committed (Ridderinkhof, 2002b). Hence the performance on the
current trial depends a lot on the performance and the nature of the immediate preceding trial,
known to us as the sequential modulation of the Simon effect (Hommel, Proctor, & Vu, 2004;
Hübner & Mishra, 2013, 2014; Ridderinkhof, 2002a, 2002b; Stürmer, Leuthold, Soetens,
Schröter, & Sommer, 2002; Wühr, 2004). According to the dual route model of the Simon
effect, the activation of the irrelevant spatial response along the direct route is automatic and
spontaneous (De Jong et al., 1994), however recent studies have suggested that the locationbased response activation can be reduced under certain conditions. In particular the Simon
effect is strongly reduced (Ridderinkhof, 2002a) or even absent (Hommel et al., 2004; Wühr,
2004), when the current trial is preceded by an incongruent trial as compared to when it is
preceded by a congruent trial (Wühr & Ansorge, 2005). This observation is important as it
challenges the central goal of the dual-route model that location always activates its
corresponding response, because if this was true, there should not have been an interaction
between the congruency of the preceding and the current trial on the Simon effect.
In literature, three important explanations have been proposed to explain the
sequential modulations of the Simon effect: (a) gating of location-based response activation
(Wühr, 2005) , (b) repetition or alternation effects (Ridderinkhof, 2002a; Stürmer et al.,
2002), and (c) the feature-integration theory (Hommel, 1998). Stürmer et al. (2002)
postulated an ancillary monitoring mechanism (AMM) to explain the gating of locationbased response activation. Note worthily, the term gating of irrelevant location was first used
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by Wühr (2005). According to the gating account, the AMM modulates the impact of the
location-based response activation upon the motor system (Wühr, 2005). Stürmer et al.
(2002), have discussed two alternatives of the AMM. The first alternative rests on the
assumption that the direct route is usually open and the AMM shuts the direct route after an
incongruent trial. The second alternative, on the other hand, rests on the assumption that the
direct route is usually closed, and the AMM opens it after a congruent trial (Wühr &
Ansorge, 2005). Moreover, Wühr (2005) also discussed a third alternative of the AMM which
assumes a usually intermediate “conductivity” of the direct route. The AMM increases the
conductivity of the direct route after congruent trials and decreases the conductivity after
incongruent trials (Wühr, 2004).
The second explanation for the sequential modulations of the Simon effect arises due
to the repetition of stimulus and response attributes over subsequent trials (Stürmer et al.,
2002; Wühr & Ansorge, 2005). In a typical Simon paradigm (two stimulus colors, two
stimulus locations, two response locations), the 16 possible first-order trial sequences can be
divided into four congruent-congruent (C-C), four incongruent-incongruent (I-I), four
congruent-incongruent (C-I) and four incongruent-congruent (I-C) sequences (Wühr, 2005).
Half of the C-C sequences are complete repetitions of S-R episodes i.e. stimulus color,
stimulus location and response location all are repeated, while the other half of C-C
sequences are complete alternations of the S-R episodes i.e. stimulus color, stimulus location
and response location all are alternated. Similarly, half of the I-I sequences are complete
repetitions of S-R episodes and the other half are complete alternations. On the other hand, CI sequences and I-C sequences are neither complete repetitions nor complete alternations,
instead C-I and I-C sequences are either repetitions of the S-R rule (stimulus relevant
attribute and response) with alternations of stimulus location known as partial repetition
sequences, or alternations of the S-R rule with repetitions of stimulus location known as
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partial alternation sequences (Wühr & Ansorge, 2005). Complete or partial repetitions may
produce shorter RTs on the current trial as compared to complete or partial alternations due to
the priming effect. It implies that sequences where the relevant attribute and response repeat,
may fasten up the reaction times on the current trial due to the direct repetition of the S-R
rule, whereas sequences where the relevant attribute and response alternate, may slow down
the reaction times on the current trial due to the alternation of the S-R rule. This is called as
the repetition effect (Wühr & Ansorge, 2005).
The third explanation for the sequential modulations of the Simon effect rests on the
concept of event files (Hommel, 1998). According to Wühr and Ansorge (2005), “event files
are cognitive representations that contain features of stimuli and responses that are involved
in planning, initiation, and control of a particular action.” For example, if the current trial
consists of a red circle presented on the right side of the fixation and requires a right button
press, the event file will contain all these attributes i.e. red color, right location and right
response location. Thus an event file is formed by the integration of stimulus and response
features which is why its formation is called as the theory of feature integration or the
binding theory (Hommel, 1998; Hommel et al., 2004). According to the theory of feature
integration, the formation of event file proceeds normally if either all or none of the stimulusresponse features are a part of the already existing event file since in this case either the
already existing event file could be reused for the next trial or a completely new event file is
formed. However, the formation of the event file is impaired if some of the stimulus-response
features are a part of the already existing event file while others are not, since in this case the
old features will have to be unbound from the existing file to integrate the new features
(Hommel, 1998; Hommel et al., 2004; Wühr, 2005; Wühr & Ansorge, 2005). The feature
integration theory explains the sequential modulation of the Simon effect by suggesting that
all C-C and I-I sequences are either a repetition or an alternation of complete S-R episode.
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Thus, in both the cases, the already existing event file is reused on the current trial or a new
event file is formed, both of which require less time and thus speed up the responses on the
current trial. In contrast, all C-I and I-C sequences are either a partial repetition or a partial
alternation of the S-R episode and thus call for the need to unbind some of the old features
and integrate the new ones. This slows down responses on the current trial. Hence the feature
integration theory assumes a small Simon effect for all C-C and I-I sequences and a big
Simon effect for all C-I and I-C sequences.
Wühr and Ansorge (2005) conducted a study in which they investigated the sequential
modulation of the Simon effect. Three different experiments were conducted to test the
predictions of different sequential modulation theories: gating account, repetition effects and
the feature integration theory, by comparing the Simon effect after neutral trials with those
after congruent and incongruent trials, respectively, and by varying the response stimulus
interval (RSI) between and within the experiments. The results of the first and second
experiments revealed a large Simon effect after congruent trials, an intermediate effect after
neutral trials and a very small or no effect after incongruent trials. These results threw a light
on the functioning of the ancillary monitoring mechanism (AMM) by showing that the AMM
increased the conductivity of the direct route after congruent trials, left the direct route
unaffected after neutral trials, while decreased the conductivity after incongruent trials.
Furthermore the sequential modulations of the Simon effect were observed for both repetition
and alternation conditions. To test for repetition effects, the trial sequences were divided into
the S-R rule repetitions, where the stimulus relevant attribute and the response repeated, and
S-R rule alternations, where the relevant attribute and the response alternated. Since
sequential modulations occurred for both the conditions, it showed that the repetition or
alternation effects with respect to the stimulus relevant attribute and the response were not
responsible for the sequential modulations of the Simon effect. Finally some of the results
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were fitting more with the gating hypothesis while others were fitting more with the featureintegration account. Taken together these results suggested that the repetition effects are not
the main cause of sequential modulation of the Simon effect, rather it is a combination of
gating and the feature integration hypothesis (Wühr & Ansorge, 2005).
In a different study Wühr (2005), demonstrated that the sequential modulation of the
Simon effect occurred even when the amount of feature overlap between subsequent trials
was the same across C-C, I-I, C-I and I-C conditions. The experiment was designed using a
variant of the Simon paradigm with two relevant stimulus attributes, two response positions
and four stimulus positions. In this way in each of the trial sequences (CC, II, CI, IC), there
were sequences in which the stimulus color and response repeated while position alternated
(partial repetitions), and sequences with compete alternations. The results indicated
sequential modulation of the Simon effect for both partial repetition and complete alternation
conditions in each of the CC, II, CI and IC trial sequences. The sequential modulation of the
Simon effect when the amount of feature overlap was kept constant across different trial
sequences, was consistent with the idea of gating mechanism (Wühr, 2005).

1.11.2.

Macro-adjustments of the task set

As aforementioned, macro-adjustment refers to a long term setting of the cautiousness
property of the task set in response to factors that are likely to remain constant for some time,
for example changing the proportion of the congruent trials (Ridderinkhof, 2002b). It has
been shown in many studies that the Simon effect tends to be smaller in an experimental
block containing a large number of incongruent trials than in a block with a large number of
congruent trials. Furthermore, in an experimental design with an extremely large number of
incongruent trials, the Simon effect has not only been shown to disappear but also to become
negative. In negative Simon effect, RTs on congruent trials become longer than RTs on
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incongruent trials. This effect is known as sustained conflict context effect or proportion
congruency effect (Hasegawa & Takahashi, 2013). Hasegawa and Takahashi (2013) argued
that a negative Simon effect could not be explained through selective suppression because
even if the irrelevant response along the direct route is completely suppressed, the response
will be activated only by the task relevant attribute on both congruent and incongruent trials,
which might result in the leveling off the delta slope early in RT distribution, but not in a
negative Simon effect. To explain the negative Simon effect, the idea of contingency learning
was introduced, which was originally advocated for the Stroop paradigm. Contingency
learning explains the sustained conflict context effect in terms of the utilization bias of the
task irrelevant information based on the contingency learning of associations between the
task irrelevant information and the response mapping (Hasegawa & Takahashi, 2013). For
example, in the Stroop paradigm if word green is often presented in color blue, an association
is formed between the word green and the response blue where the meaning of the word acts
as a cue to its color.
Logan and Zbrodoff (1979), manipulated the proportion of congruent trials in a
spatial-Stroop paradigm in which participants responded to the meaning of location words,
ABOVE and BELOW, presented above and below the fixation point. Their results provided
an important clue to the notion of contingency learning. They found a crossover interaction
between the proportion of congruent trials (20% vs. 80%) and the trial type (congruent and
incongruent), such that when proportion of congruent trials was 20%, participants were faster
in responding to incongruent trials than congruent (negative Simon effect), while when the
proportion of congruent trials was 80%, they were faster in responding to congruent trials
than incongruent. These results suggested that in low proportion congruency condition,
participants formed an association between the stimulus location and response and the
association was contralateral in nature, e.g., if stimulus appeared above, press the down
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button and vice versa. This association produced correct responses on majority of
incongruent trials while incorrect responses on congruent trials, which resulted in the
negative Simon effect. While a contralateral association between the location and response
explained the negative Simon effect in low proportion congruency condition, an ipsilateral
association between the location and response explained a big positive Simon effect in high
proportion congruency condition. These results were consistent with the utilization bias
account based on contingency learning.
Independent researches on the proportion congruency effects have suggested that the
contingency learning of associations between the stimulus location and response is generated
implicitly and automatically, and not as a result of some strategy. Toth, Levine, Stuss, Oh,
Winocur, and Meiran (1995) suggested that the Simon effect in proportion manipulated
conditions results from two different kinds of automaticity, both cued by spatial location. One
form of automaticity is the associative S-R mapping which is sensitive to the proportion of
congruent trials. When the proportion of congruent trials is greater than incongruent trials, the
associative S-R mapping is in the direction of stimulus location, or else it is in the direction
away from location. The other form of automaticity is the non-associative coding bias which
reflects the inherent tendency to respond towards the source of stimulation i.e. in the direction
of stimulus location. The associative S-R mapping occurs only when the proportion of trials
is unequal while non-associative coding bias is present every time, irrespective of proportion
manipulations. Toth et al. (1995), further showed that both the forms of automaticity are
additive in nature and thus may complement or oppose one another depending on the
proportion of congruent trials. They conducted a study with three different proportion
congruency conditions: 83% congruent trials, 50% congruent trials and 17% congruent trials.
The biggest positive Simon effect was observed for 83% condition followed by 50%
condition and then 17% condition for which the Simon effect was negative. Moreover, the
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crossover interaction between the proportion (83% and 17%) and the trial type (congruent
and incongruent) was not symmetrical i.e. the difference between congruent and incongruent
trials was reliably larger in the 83% congruency condition than 17%. The asymmetrical
crossover interaction showed that both associative and non-associative forms of automaticity
were operating independently, either in concert or in opposition depending on the proportion
of congruent trials. While, the non-associative coding bias was always in the direct of
stimulus location irrespective of proportion manipulation, the associative S-R mapping was in
the direction of location in 83% congruency condition whereas in the direction away from
location in the 17% congruency condition. The net effect was that in 83% condition, both
associative and non-associative coding biases were in concert, acting in the direction of
location which raised the Simon effect above the level produced by the non-associative
coding bias alone, while in 17% condition, the associative and non-associative biases acted in
opposite directions which decreased the Simon effect below the level produced by the nonassociative bias alone. This explained why the crossover interaction between proportion and
trial type was asymmetrical and confirmed that it is the additive effect of associative and nonassociative coding biases which is responsible for the observed effects in proportion
manipulated conditions.
Another evidence for contingency learning account comes from Hasegawa and
Takahashi (2013), where they examined false alarm on no-go trials within the Simon
paradigm. The task of participants was to differently respond to the color of the target
stimulus while ignore its location on the “go” trials, while to contain their responses on the
“no-go” trials. There were two experimental blocks: one containing 80% congruent trials,
10% incongruent and 10% no-go trials, while the other containing 80% incongruent, 10%
congruent and 10% no-go trials. They observed that RT was shorter on congruent than
incongruent trials in 80% congruent block, whereas this trend was reversed in 80%
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incongruent block. More importantly, the frequency of false alarm on the same side as
stimulus location was higher than that on the opposite side in the 80% congruent block, and
vice versa in the 80% incongruent block. The direction of false alarm (same or different to
the location of stimulus) showed that the irrelevant location indeed biased the response
depending on the proportion of congruent trials.

1.12.

Overview of the present studies

In the present work, we aimed at providing further insights about control processes
responsible for the Simon effect. Activation-suppression, temporal-overlap hypothesis, gating
of location induced activation, utilization of location and on-the fly adaptation of attentional
selectivity, are some of the key mechanisms that current studies have focused on. The first
study investigates the limits of selective suppression. It explores whether the dynamics of
selective suppression is static, or more flexible in nature. The results demonstrate that
suppression is more of a flexible mechanism, whose strength, onset and build-up rate can be
adjusted strategically if task demands are known in advance. The study has been published in
2013 in Acta Psychologica (pl. refer to Hübner and Mishra (2013))
The second study further explores the control mechanisms: gating and suppression,
via the method of varying the proportion of congruent trials in the experiments. However,
because such a variation produces confounds in several respects, some researchers have
proposed that this method also introduces additional control mechanisms such as the
utilization of location. In the present study we investigate whether this is indeed the case.
After the analysis of delta functions observed in three experiments, results show that
modulations in the Simon effect as caused due to change in proportion, can be explained
solely through a combination of gating and suppression, and that it is not necessary to assume
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any additional control mechanism. The study has recently been submitted for publication in
Acta Psychologica, ( pl. refer to Hübner and Mishra (2014))
The final third study is an attempt to explore location based on-the-fly adaptataion of
attentional selectivity in the Simon paradigm. While on-the-fly adaptataion of selectivity has
already been declared as an important selection mechanism in the Stroop (Crump, Gong, &
Milliken, 2006) and the Flanker paradigms (Lehle & Hübner, 2008), it still remains an
unexplored zone in the Simon paradigm. The results from the current study reflect that
location, which is a task-irrelevant dimension in the Simon paradigm, can still be used as a
contextual-cue to modulate attentional selectivity on the fly and facilitate responding. For this
study, the manuscript has been prepared and is in submission pipeline.
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2. Study I
Evidence for strategic suppression of
irrelevant activation in the Simon task 1

2.1. Introduction
Dealing with opposing response tendencies is an important aspect of goal-directed
behavior, and several experimental conflict paradigms, such as the Stroop task (Steinhauser
& Hübner, 2009; Stroop, 1935), or the Flanker task (Eriksen & Eriksen, 1974; Hübner et al.,
2010), have been developed for investigating the involved processes. In these paradigms
internal stimulus features are commonly used to induce a response conflict. However, a
conflict can also be induced by more external features such as location. This is obvious in the
Simon task (Proctor, 2011; Simon, 1969), where a spatial response (e.g. pressing a ‘left’ or
‘right’ button) to a target stimulus is required, depending on the target’s value on a nonspatial dimension (e.g., its color or form). If the stimulus is then presented either to the left or
right of fixation, responses are usually faster and more reliable when the target position is
ipsilateral to the required response, compared to when it is contralateral. This Simon eﬀect,
which is in the focus of the present study, demonstrates that task irrelevant spatial
information can have a substantial inﬂuence on response selection.
A widely acknowledged account of the Simon effect is the dual-route idea (De Jong et
al., 1994; Kornblum et al., 1990), which assumes an indirect or controlled route along which

1

Hübner and Mishra (2013), published in Acta Psychologica ; 144, 166-172
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the task-relevant information is intentionally translated into the required response, and a
direct route, along which the location of a stimulus automatically activates the spatially
corresponding response code. The basic Simon effect is then explained by assuming that the
automatic activation of the response code via the direct route has a facilitating or interfering
influence on the task appropriate response, depending on the respective congruency of the
trial. A specific characteristic of the typical Simon effect in the latencies is that it decreases
with an increasing response time (RT), which is different, for instance, from the Flanker task,
where the corresponding congruency effect usually increases with RT (e.g. Hübner et al.,
2010). How

congruency effect changes with processing duration can be examined by

considering so-called delta functions (De Jong et al., 1994). They directly specify the effect
size as function of RT and can also be computed for the performance in accuracy (e.g.
Ridderinkhof, 2002a). A decreasing Simon effect with RT is then reflected by a negative
slope of the corresponding delta function.
The relation between effect size and RT, as reflected by the delta functions, is very
helpful for inferring the involved mechanisms. To explain the characteristic time course of
the Simon effect, the temporal-overlap hypothesis has been proposed. The idea is that the
automatic activation induced by stimulus location decays with time (Hommel, 1993b).
Accordingly, on trials on which task-relevant information is processed slowly, response
translation takes place, at least partly, after the irrelevant location-induced activation has
decayed so that the period of interference is relatively short. In contrast, on trials where the
relevant information is processed rapidly, the translation process overlaps temporally to a
large extent with the irrelevant activation which produces a substantial interference.
Early support for the temporal-overlap hypothesis was provided by Simon et al.
(1976). In their study they presented relevant as well as irrelevant information at the
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beginning of a trial, but the response had to be delayed until a go-signal (tone) appeared at a
variable delay. As expected, the Simon effect decreased with an increasing delay and was
absent at a delay of 250 ms. Vallesi and Umiltà (2009) replicated this result, but also found
that the Simon effect did not decrease completely when the relevant information occurred
after the irrelevant location information.
An important question with respect to the temporal-overlap idea is whether the
location-induced activation decays passively, or whether some strategic suppression is
necessary. Hommel (1994b) investigated this question by not only manipulating the temporal
overlap between irrelevant spatial activation and response selection, but also the proportion
of congruent trials which is known to affect the strategy of processing. It was found out that
proportion did not have any effect on the time-course of the Simon effect from which
Hommel (1994b) concluded that spatial activation decays passively and not due to any
strategy.
However, in contrast to the passive-decay hypothesis, Ridderinkhof (2002a, 2002b)
proposed that irrelevant location-induced activation is suppressed actively. In his activationsuppression account he assumes that to prevent unwanted impulsive responses, one needs to
selectively inhibit the response code that is automatically activated by the irrelevant location
information. Because suppression builds up gradually though, it is more effective for
relatively slow than for relatively fast responses. Moreover, the strength of suppression
depends on inhibitory demands. For instance, if the proportion of incongruent trials increases
(Stürmer et al., 2002), then selective suppression must be stronger. That suppression is indeed
stronger under such conditions is reflected by a larger negative slope of the corresponding
delta functions (Ridderinkhof, 2002b).
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Burle, van den Wildenberg, and Ridderinkhof (2005) tested the activation-suppression
account by laterally presenting an irrelevant cue before, simultaneously with, or after a
bilateral target. They hypothesized that activation followed by selective suppression should
produce a negative effect when the location cue precedes the relevant information. Indeed,
the Simon effect was positive for cues presented simultaneously with or after the target, but
negative for cues appearing before the target. The fact that the Simon effect was negative if
the spatial information was presented before the target strongly supports the idea that
irrelevant activation is suppressed. At the same time, however, it questions the assumption
that the strength of suppression depends on the inhibitory demands, at least that the strength
is adjusted appropriately. Obviously, suppression was too strong in Burle et al. (2005)
experiment. Otherwise there should have been no negative Simon effect.
The aim of the present study was to further investigate the details of activation
suppression, especially to what extent its strength can be adjusted strategically. The fact that
the Simon effect was negative in Burle et al. (2005) study indicates that activation
suppression was stronger than needed. However, this does not imply that the strength of
activation suppression cannot be adjusted strategically. It should be noted that the passivedecay hypothesis and the activation-suppression hypothesis are not mutually exclusive.
Therefore, it is possible that both processes are involved in the Simon task and that
suppression is used to accelerate the decay of activation. Thus, if one assumes that locationinduced activation always decays passively, then the inhibitory demand decreases with an
increasing delay between the spatial cue and target. Accordingly, less suppression is needed
for a long delay than for a short one. However, for an appropriate adjustment of suppression
the inhibitory demand must be known in advance. This was not the case in Burle et al.
(2005), because the delays were randomized. In contrast, in a similar experiment (Experiment
2) with blocked delays, Vallesi and Umiltà (2009), observed only positive overall Simon
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required amount of suppression needed to eliminate the Simon effect, at least for some
delays.
In the present study these ideas were tested directly by conducting two experiments in
which the delay between a spatial cue and the target was varied. Our procedure was similar to
that of Experiment 2 in Vallesi and Umiltà (2009) who first presented a peripheral spatial cue
that was then replaced by the target after a certain delay. However, instead of producing an
onset-signal with the target, we used an offset-stimulus. As Vallesi & Umiltá remarked, an
onset-stimulus might produce an additional and delay-independent location activation, which
might also explain why the Simon effect did not vanish in their experiment. Thus, in our
experiments we used left facing and right facing arrows (<, and >) as stimuli. Spatial cues
were constructed by superimposing both arrow types and presenting them at one side of the
display (see Figure 2-1). After a certain delay, one of the two arrows was removed and
participants had to indicate the pointing direction of the remaining one. By this procedure
task-relevant information could be delayed without a second stimulus-onset signal that might
produce an unwanted refresh of the location-induced activation. Because with our procedure
a delay of zero would have led to a qualitatively different location cue, we used only nonzero delay. However, our shortest SOA was 33 ms, which might be considered as practically
equivalent to a delay of zero.
In our first experiment, where the delays were randomized across trials, we tried to
replicate the results of Burle et al. (2005) with our modified procedure. Then, for comparison,
the delays were blocked in Experiment 2. If activation suppression is relatively static, then
the Simon effect should be similar in both experiments. However, if participants can use the
delay information in the blocked condition to strategically adapt their suppression strength
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accordingly, then the performance should differ. In both experiments, performance was
examined by analyzing not only mean data, but also delta functions for latencies and
accuracy.

2.2. Experiment 1
In this experiment several delays between a spatial cue and the target were
randomized. First of all, we expected the Simon effect to decrease with an increasing delay.
Moreover, if an appropriate adjustment of selective activation suppression is not possible
because of the randomized delays, then the Simon effect should be negative for the longer
delays. In any case, the dynamics of activation suppression for the individual delays should
further be examined by also inspecting delta functions.

2.2.1. Method
I.1.1.1. Participants
17 students (mean age of 24 years; 5 male) from the Universität Konstanz, Germany,
participated in the experiment. All had normal or corrected-to-normal vision and were paid 8
€ for their participation.

2.2.1.1. Stimuli, apparatus, and procedure
Stimuli were right or left facing arrows (<, >). They were presented in white against a
black background on an 18” color-monitor with a resolution of 1280 ×1024 pixels, and a
refresh rate of 60 Hz. Participants were seated in front of the screen at a viewing distance of
approximately 60 cm. Each trial started with the presentation of a fixation cross at the center
of the screen for 400 ms, followed by a spatial cue consisting of two superimposed arrows,
one facing to the left, the other facing to the right (see Figure 2-1). The arrows appeared
randomly at a distance of 2.2 cm left or right of the fixation cross, and were presented for 33,
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100, or 200 ms, after which the task-irrelevant arrow was removed. These delays were
chosen, because we expected the largest effects in this range. For simplicity, we will call the
interval between spatial cue and target as “stimulus onset asynchrony” (SOA). SOA was
randomized across trials. The target arrow remained on screen until response. 1000 ms after
the response, the next trial started.
The task was to indicate the pointing direction of the target arrow by pressing one of
the two mouse buttons (left button for left facing arrow; right button for right facing arrow)
with the index or middle finger of the right hand, respectively. The participants were
instructed to respond as fast as possible without making many errors. On every incorrect trial,
an auditory feedback was provided. At the end of each block the mean error rate and RT in
that block were displayed. If the mean error rate exceeded 10% the participants were asked to
be more accurate.

+

1000 ms after
response

<
<>
+

Response
Stimulus

Spatial cue (33, 100, or 200 ms)
Fixation cross (400 ms)

Figure 2-1: Procedure of Experiment 1.

There was 1 practice block (30 trials), in which no spatial pre-cue was presented, and
10 experimental blocks (96 trials/block). Every block contained an equal number of
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congruent and incongruent trials. On congruent trials, the cue (target) position was ipsilateral
to the required response, while on incongruent trials it was contralateral.

2.2.2. Results
Responses faster than 100 ms or slower than 2000 ms were excluded from analysis (<
0.2% of all data).
The latencies of correct responses were analyzed by a two-factor ANOVA for
repeated measurements on the factors congruency (congruent, or incongruent), and SOA (33,
100, or 200 ms). The analysis revealed a significant main effect of SOA, F(2, 32) = 18.9, p <
.001, ηp2 = .541. RTs decreased with an increasing SOA (412, 398, 391 ms). However, there
was also a significant interaction between SOA and congruency, F(2, 32) = 12.2, p < 0.001,
ηp2 = .433. The congruency effect was positive (Δ14 ms) for the 33 ms SOA, but negative for
the 100 and 200 ms SOAs (Δ˗14 ms, Δ˗9 ms). Congruency was significantly negative for the
two longer SOAs, F(1, 16) = 5.29, p < 0.05, ηp2 = .252.
Mean error rate was 6.02%. Subjecting the error rates to an ANOVA of the same type
as for the latencies also revealed a significant main effect of SOA, F(2, 32) = 42.9, p < .001,
ηp2 = .728. The error rate increased with an increasing SOA (1.67%, 5.51%, and 10. 9%).
Congruency neither produced a reliable effect nor a significant interaction with SOA.
Numerically, however, there was a positive Simon effect for the shortest SOA (Δ0.69), and a
negative one for the longer SOAs (Δ-2.10%; Δ-1.52%).

2.2.2.1. Delta functions
To compute the delta functions for the latencies, we first computed the cumulative
distribution functions for the RTs of correct responses for each congruency condition
(congruent, incongruent), and SOA (33, 100, 200 ms) by quantile-averaging (.1, .3, .5, .7, and
.9) the corresponding data (Ratcliff, 1979). Delta functions were then obtained by calculating
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the differences of the corresponding quantiles between the congruent and incongruent
conditions, and relating them to their respective average RTs (see Figure 2-2). For statistical
analyses, the quantiles for the individual SOA conditions were entered into two-factor
ANOVAs for repeated measurements on the factors congruency (congruent, or incongruent),
and quantile (1 to 5). If the Simon effect changed across time, then this would be indicated by
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Figure 2-2: Delta functions in the latencies of correct responses in the
different SOA conditions in Experiment 1.

The analysis revealed a significant three way interaction between all factors, F(8, 128)
= 2.69, p < 0.01, ηp2 = .144, indicating that the variation of the Simon effect with RT differed
between the SOAs. As can be seen in Figure 2-2, for the SOA 33 ms the Simon effect in RT
decreased steadily with an increasing RT, F(4, 64) = 2.82, p < 0.05, ηp2 = .150, and finally
almost approached zero. The delta function for the SOA 100 ms also decreased significantly
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with RT, F(4, 64) = 4.07, p < 0.01, ηp2 = .203, although only for the faster responses.
However, because it started from zero, that means that the Simon effect became increasingly
negative with RT before it leveled off. For the SOA 200 ms, there was a small and non-

40

significant development with RT from a negative Simon effect to almost zero.
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Figure 2-3: Delta functions for accuracy in the different SOA conditions in
Experiment 1.

To obtain delta functions for accuracy, we first calculated conditional accuracy
functions for each participant and condition by sorting the corresponding data into five 20%
bins, computing the proportion of correct responses and the mean RT for each bin, and
averaging the resulting values across participants. Delta functions were then constructed by
computing the differences in accuracy of the corresponding bins between congruent and
incongruent conditions, and relating them to the averaged RT of the respective bin (see
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Figure 2-3). Statistical analyses were performed analogously to those for the RT delta
functions.
Figure 2-3 shows that the delta functions were rather flat. Merely for the SOA 33 ms,
the small initial Simon effect decreased significantly with RT, F(4, 64) = 4.40, p < 0.01, ηp2 =
.216. Together, these functions confirm that the Simon effect was largely absent in the error
rates, even for fast responses.

2.2.3. Discussion
The results of this experiment show that the SOAs had a substantial impact on the
Simon effect. It was positive only for the shortest SOA, but negative for the two longer
SOAs. Thus, our results are similar to those of Burle et al. (2005). The fact that the Simon
effect was negative for the long SOAs indicates that there was selective activation
suppression. At the same time, however, the negative effects suggest that the strength of
suppression was not optimal for each of the individual SOAs. Rather it seems that the
participants chose a suppression strength that was presumably appropriate for the shortest
SOA, but too strong for the longer ones.
That selective activation suppression was rather strong is also reflected by the delta
functions. If we consider the functions for the latencies (Figure 2-2), then we see that for the
shortest SOA the Simon effect decreased monotonically with RT and almost reached zero for
the slowest responses. For the 100 ms SOA, however, overall suppression strength was so
strong that the Simon effect was already absent for the fastest responses, but then became
increasingly negative until it leveled off.
In the mean error rates no reliable Simon effect occurred, although numerically the
pattern was similar as in the mean RTs. If we consider the corresponding delta functions
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(Figure 2-3), then we see that the Simon effect was, if at all, present for fast responses and
were practically absent for slow responses.
Taken together, the present results indicate that there was selective suppression but
that it was not adapted to the inhibitory demands of the individual SOA conditions. However,
this does not imply that activation suppression can principally not be adapted strategically.
Rather, it could be that adaptation was not possible in the present case because the SOA for a
given trial was not known in advance. Consequently, participants chose a strength that met
the average demands across SOAs. Whether the strength of suppression can be controlled
strategically, if the inhibitory demand is know in advance on each trial, was tested in the next
experiment.

2.3. Experiment 2
This experiment was similar to our first one, except that SOA was blocked. If the
results in Experiment 1 were indeed due to a general inability to adapt the strength of
selective suppression to the trial-based inhibitory demands, then the same results as in
Experiment 1 should be observed. However, if the strength can be adjusted strategically,
given the demands are known in advance on each trial, then blocking the SOAs should allow
an appropriate adjustment. Accordingly, it can be expected that individual and optimal
suppression strength will be applied for each SOA. If this is the case, and if we further
assume that location-induced activation cannot fully be suppressed for the shortest SOA, then
the Simon effect should also decrease with an increasing SOA. However, it should approach
zero, and not be negative, even for the longest SOA.
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2.3.1. Method
17 students (mean age of 24 years; 3 male) from the Universität Konstanz, Germany,
participated in the experiment. All had normal or corrected-to-normal vision and were paid 8
€ for their participation. Apparatus and stimuli were same as in Experiment 1. The procedure
was also similar, except that the SOAs were blocked. Additional to the practice block there
were 5 experimental blocks (64 trials/block) for each of the three SOAs. The order of SOAs
was balanced across participants.

2.3.2. Results
Responses faster than 100 ms or slower than 2000 ms were excluded from data
analysis (< 0.3% of all data).
The latencies of correct responses were subjected to a two-factor ANOVA for
repeated measurements on the factors congruency (congruent, or incongruent), and SOA (33,
100, or 200 ms). The analysis revealed significant main effects of both congruency, F(1, 16)
= 13.7, p < .01, ηp2 = .462, and SOA, F(2, 32) = 6.19, p < .01, ηp2 = .279. Responses were
faster for congruent compared to incongruent stimuli (407 ms versus 423 ms), and speed
increased with an increasing SOA (422, 417, and 407 ms). A further test revealed that the
mean RT was also significantly different between the two longest SOAs, F(1, 16) = 8.44, p <
.05, ηp2 = .345. However, there was a significant interaction between congruency and SOA,
F(2, 32) = 18.9, p < .001, ηp2 = .541, indicating that the congruency effect varied with SOA
(Δ34, Δ3, Δ11 ms). A further analysis revealed that the Simon effect was no longer
significant when the shortest SOA was excluded, F(1, 16) = 2.00, p = 0.177, ηp2 = .088.
Mean error rate was 6.75%. Subjecting the error rates to an ANOVA of the same type
as for the response times also revealed a significant main effects of congruency, F(1, 16) =
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22.0, p < 0.001, ηp2 = .579, and of SOA, F(2, 32) = 3.60, p < .05, ηp2 = .184. The error rate
was smaller for congruent than for incongruent stimuli (4.97% versus 8.53%), and increased
with SOA (5.85%, 6.71%, 7.69%). However, congruency interacted significantly with SOA,
F(2, 32) = 3.38, p < .05, ηp2 = .175, indicating that the congruency effect was larger for the 33
ms SOA than for the other SOAs (Δ5.82%, Δ2.18%, Δ2.70%). However, a further analysis
revealed that the Simon effect remains significant after excluding the shortest SOA, F(1, 16)
= 4.58, p < 0.05, ηp2 = .223.

2.3.2.1. Delta functions
Delta functions were computed in the same way as in Experiment 1. The analysis
revealed a significant three way interaction between all factors, F(8, 128) = 3.73, p < 0.001,
ηp2 =.189, which indicates that the variation of the Simon effect with RT differed between the
SOA conditions. As can be seen in Figure 2-4, for the shortest SOA the Simon effect first
increased but then decreased with RT. This variation was marginally significant, F(4, 64) =
2.27, p = 0.071, ηp2 = .124. In contrast, for the SOA 100 ms, the effect first decreased and
then increased again, F(4, 64) = 4.40, p < 0.01, ηp2 = .216. The function for the SOA 200 ms,
showed a similar development with RT, which, however, was not significant.
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Figure 2-4: Delta functions in the latencies of correct responses in the
different SOA conditions in Experiment 2.
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Figure 2-5: Delta functions for accuracy in the different SOA conditions in
Experiment 2.
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Figure 2-5 shows the delta functions for the performance in accuracy. As can be seen,
the Simon effect was relatively large for the fastest responses. It then decreased with RT and
quickly approached zero. The significant three way interaction between all factors, F(8, 128)
= 3.68, p < 0.001, ηp2 = .187, indicates that the decrease of the Simon effect in accuracy with
RT differed between the delay conditions. The decrease was significant for the SOA 33 ms,
F(4, 64) = 23. 4, p < 0.001, ηp2 = .594, and 100 ms, F(4, 64) = 5.96, p < 0.01, ηp2 = .271, but
not for 200 ms.

2.3.2.2. Comparison with Experiment 1
For comparison, the mean data of the present experiment were combined with those
of Experiment 1 and subjected to three-factor ANOVAs for the within-participant factors
congruency (congruent, or incongruent), and SOA (33, 100, or 200 ms), and the betweenparticipants factor experiment (randomized SOA, or blocked SOA). We report only results
involving the factor experiment.
For the latencies, the analysis revealed a significant interaction between experiment
and congruency, F(1, 32) = 11.9, p < .01, ηp2 = .270. The Simon effect was smaller for
randomized SOAs than for blocked ones. This is even the case when we compare the absolute
effect sizes, i.e. ignore their sign, F(1, 32) = 5.75, p < .05, ηp2 = .152. Moreover, the
interaction between all three factors was far from significance, F(2, 64) =.107, p = .899, ηp2 =
.003. This implies, that the Simon effect for the shortest SOA was also smaller under
randomized SOAs, compared to blocked ones, which we nevertheless confirmed separately,
F(1, 32) = 16.5, p < .001, ηp2 = .340.
For the error rates the analysis also revealed a significant interaction between
experiment and congruency, F(1, 32) = 15.7, p < .001, ηp2 = .330. The overall Simon effect
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was small and negative for randomized SOAs, but large and positive for blocked ones.
Moreover, there was an interaction between experiment and SOA, F(2, 64) = 18.8, p < .001,
ηp2 = .371. This was due to the fact that the error rate increased only slightly with SOAs in
the blocked SOA condition, but substantially in the randomized condition.
We also evaluated the delta functions with respect to their differences of between the
experiments by comparing the function pairs for each of the individual SOAs. In the
latencies, merely the functions for the SOA 100 ms differed significantly, F(4, 128) = 3.23, p
< .05, ηp2 = .092. In accuracy, the functions for SOA 33 ms differed reliably, F(4, 128) =
16.0, p < .001, ηp2 = .333, as did the functions for SOA 100 ms, F(4, 128) = 3.18, p < .05, ηp2
= .091.

2.3.3. Discussion
Our results show that the Simon effect also varied with blocked SOAs. However,
different from Experiment 1, the effect remained positive. There was a substantial Simon
effect for the shortest SOA, whereas for the longer SOAs it was reliable only in the error
rates. Most importantly, it remained positive. This is in contrast to Burle et al. (2005) results
and our Experiment 1, where strong negative Simon effects were found. Because SOA was
blocked in the present experiment, the results support our idea that the strength of
suppression can be adjusted according to the inhibitory demands for the individual SOA
conditions, but only if the SOA is known in advance.
Different from our expectation, though, the Simon effect did not monotonically
decrease with an increasing SOA. Rather, at least numerically, the effect was stronger for the
200 ms SOA than for the 100 ms SOA. However, because mean RT was reliably shorter for
the 200 ms SOA, compared to the 100 ms SOA, this tendency could have been due to some
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kind of tradeoff. Thus, in all, our results are similar to those in Vallesi and Umiltà (2009)
Experiment 2.
The variation of the Simon effects with RT for the individual SOAs can be seen by
inspecting the corresponding delta functions (Figures 2-4 and 2-5). The functions for the
latencies show that the Simon effect for the shortest SOA first increased with RT and then
decreased. However, it remained substantially strong across the whole RT range. These data
are similar to those of Baroni et al. (2012), who also presented lateralized arrows as targets,
but without a prior spatial cue. The similarity between these data sets confirms our
assumption that our shortest SOA is practically equivalent to an SOA of zero. For the longer
SOAs, the Simon effect was not only smaller, compared to the short SOA, but the
corresponding delta functions were also concave rather than convex. That is, the effect first
decreased to a minimum and then increased.
If we consider the delta functions for the accuracies (Figure 2-5), then we see that
they are rather different from those in the previous experiment. The Simon effect was
substantial for fast responses, especially for the shortest SOA. However, the effect quickly
vanished with RT.

2.4. General Discussion
The aim of the present study was to further investigate selective activation
suppression (Ridderinkhof, 2002a, 2002b) in the Simon task, especially to what extent its
strength can strategically be adjusted to the inhibitory demands. We assumed that locationinduced activation automatically decays with time and that, therefore, the inhibitory demand
decreases with an increasing temporal separation of irrelevant activation and response
selection (Hommel, 1993b) Thus, one way to modulate the inhibitory demands is to vary the
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SOA between an irrelevant spatial cue and the target. By applying such a procedure, Burle et
al. (2005) found a strong negative Simon effect when the cue preceded the target, which
speaks for selective suppression, but questions that it can strategically be adjusted optimally.
However, in that study several SOAs were randomized so that no information about the
inhibitory demand of a given trial was available in advance. In a similar experiment but with
blocked SOAs Vallesi and Umiltà (2009), found that the overall Simon effect remained
positive. Thus, our idea was to examine whether strategic suppression is possible if such
information is provided.
In our first experiment, the SOAs were randomized to see whether Burle et al. (2005)
results could be replicated with a slightly modified procedure (e.g., offset stimuli and
different SOAs). As a result, the Simon effect was positive only for the shortest SOA, but
negative for the two longer SOAs, confirming Burle et al.’s outcome. Thus, our data
indicated that location-induced activation was not suppressed in dependence of the inhibitory
demands of the individual SOAs. Rather, it seemed that the same strength of suppression was
applied to all SOAs. This was more or less appropriate for the shortest SOA, but for the
longer SOAs, which required less inhibition, suppression was too high.
If location-induced activation can be suppressed strategically (and individually), but
only if the inhibitory demands are known in advance, then the Simon effect should vary
differently across SOAs when they are blocked. Whether this is the case was tested in
Experiment 2. Its results show that the Simon effect was again large and positive for the
shortest SOA. However, and most importantly, although the effect also decreased for the
longer ones, it remained positive. This clearly supports the idea of strategic activation
suppression. The result can be interpreted in the sense that selective suppression was
relatively strong for the shortest SOA. Nevertheless, because suppression takes some time to
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come into effect, and is probably also limited in strength, it could not prevent that irrelevant
activation strongly affected response selection. For the longer SOAs the demands were lower,
because the location-based activation had partly decayed and suppression had more time to
act. Since participants knew the demands in advance, they could adjust their suppression
strength accordingly, so that the Simon effect was absent in RT and relatively weak in the
error rates.
Thus, taken together, our results show that suppression strength can be adjusted
according to the demands, given they are known in advance. However, they also indicate that
the adjustment does not necessarily produce the smallest possible Simon effects. The
comparison of the Simon effect between the two experiments revealed that it was reliably
larger under blocked SOAs than under randomized ones. This was even the case when we
consider the absolute effect sizes (i.e. ignore the sign). Thus, the possibility to adjust
suppression to the individual SOAs did not lead to a smaller overall Simon effect, as one
might have expected, but to a larger one.
How can this unexpected result be explained? Implicitly, one might have assumed
that the participants’ goal was to prevent the Simon effect. This, however, was obviously not
the case. Rather, our data suggest that the participants’ goal was to meet our requirements
concerning accuracy. This makes sense, because, first of all, they presumably did not notice
the size of the Simon effect. Furthermore, what they certainly noticed, also due to our
feedback procedure, was their error rate. Accordingly, the overall error rate was rather similar
between the two experiments (6% versus 7%). For the blocked SOAs (Experiment 2), a
similar error rate also occurred for the individual SOAs (6%, 7%, and 8%). For the
randomized SOAs (Experiment 1), however, the individual error rates differed substantially,
i.e. they increased considerably with SOA (2%, 6%, and 11%).
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These results indicate that activation had to be suppressed more strongly in the
random condition to perform as reliably, on average, as in the blocked condition, which also
resulted in a smaller Simon effect. This interpretation also explains why the Simon effect for
the shortest SOA was larger in the blocked condition than in the randomized one. Although it
was obviously possible to suppress the location-induced activation more strongly in the
blocked condition, it was not necessary, because the required accuracy was already achieved
with less suppression. Moreover, it should be noticed that activation suppression also
produces costs on congruent trials. Thus, it should not always be maximized. These
considerations suggest that selective activation suppression was not used in our experiments
to minimize the Simon effect, but to control the level of accuracy. Nevertheless, our results
strongly support the idea that activation suppression can be adjusted strategically.
How suppression proceeded in the different experiments and conditions can, at least
partly, be inferred from the delta functions. If we consider Figure 2-4, then, taken together,
the functions for the different SOAs suggest that irrelevant spatial activation increased after
cue onset and was then suppressed for some time until suppression was finally abandoned.
Interestingly, with randomized SOAs the dynamics of suppression was largely the same (see
Figure 2-2). It merely seems that suppression started somewhat earlier and continued for a
longer period, which suggests that participants had some control on the timing of
suppression. The largest difference of the RT delta functions between the Experiments,
however, was their vertical shift. This could indicate that suppression was generally stronger
with randomized SOAs. However, given that suppression takes some time to build up, as
assumed by the activation-suppression model, then one would have expected a larger
difference in the shape of the delta functions between the experiments, especially for slow
responses. Yet, only one (SOA 100 ms) of the three delta functions differed significantly
between the experiments.
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Thus, it seems that some other process was involved in producing the differences in
performance between the experiments as well. What process could that be? Additional to the
idea that irrelevant activation can be suppressed, the activation-suppression model assumes
that the readiness for making fast impulsive responses to location is also under voluntary
control, at least to some extent (Van Den Wildenberg et al., 2010). This readiness is reflected
by the delta functions in accuracy. The more impulsive responses to location are allowed, the
larger the Simon effect in the error rates for fast responses. That the readiness for impulsive
responses indeed played a crucial role in our experiments can be seen by comparing the delta
functions between our Experiments. With randomized SOAs there were only few impulsive
responses (see Figure 2-3), whereas for blocked SOAs many such responses occurred (Figure
2-5), particularly for the shortest SOA.
Alternatively, it is conceivable that under randomized SOAs, participants to a large
extent generally blocked the flow of information along the direct route. Such a mechanism
would not only account for the different patterns of the delta functions in accuracy, but also
for the fact that the RT delta functions were shifted vertically between the experiments, i.e.
that the Simon effect was generally shifted towards smaller values under randomized SOAs.
In any case, the analyses of the delta functions strongly suggest that the two mechanisms
were applied by the participants to adapt to the different demands in our experiments.
To conclude, the present study shows that irrelevant location-induced activation in the
Simon task can strategically be controlled, depending on the situational demands. Our results
suggest that two mechanisms are involved. One mechanism, activation suppression, develops
in time and is used to reduce the accumulated irrelevant activation. This mechanism can
effectively be adapted to the specific demands of individual SOAs when they are known in
advance. The other mechanism generally controls the influence of the location information.
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The impact of location is reduced if the adaptation of the first mechanism is largely restricted,
which is the case with randomized SOAs. In any case, the primary goal of these strategic
modulations is not to minimize the Simon effect, but to meet the situational requirements
with respect to accuracy.
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3. Study II
Gating, activation suppression, utilization:
Which mechanisms produce proportion congruent ef fects in the Simon task? 2

3.1. Introduction
Cognitive control is important for goal-directed behavior, and several conflict
paradigms have been invented, such as the Stroop task (Steinhauser & Hübner, 2009; Stroop,
1935), the Flanker task (Eriksen & Schultz, 1979; Hübner et al., 2010), and the Simon task
(Simon, 1969; Töbel, Hübner, & Stürmer, 2014) for investigating its mechanisms. Although
all of these paradigms produce a response conflict that has to be resolved in some way, the
Simon task is special, because it produces the conflict through an accidental stimulus feature,
its location (Proctor, 2011). In the standard version of this task, a spatial response (e.g.
pressing a ‘left’ or ‘right’ button) to a target stimulus is required, depending on the target’s
value on a non-spatial dimension (e.g., its color or form). However, because the stimulus is
usually presented either to the left or right of fixation, responses are faster and more reliable
when the target position is ipsilateral to the required response, compared to when it is
contralateral. Obviously, this Simon eﬀect reflects the impact of task irrelevant spatial
information on response selection.

2

Hübner and Mishra (2014), submitted in Acta Psychologica
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A basic account of the Simon effect is the dual-route model (De Jong et al., 1994;
Kornblum et al., 1990), which assumes that the task-irrelevant location of a stimulus
automatically activates the corresponding response code via a direct route, while the taskrelevant stimulus feature has intentionally to be translated into the required response on an
indirect route. The effect then emerges, because the irrelevant location-induced activation
facilitates or interferes with response selection, depending on its congruency.
If one considers different studies, though, then it is obvious that the Simon effect
largely varies in size, depending on the specific conditions. This has raised the question of
how irrelevant response activation is controlled. One prominent method to investigate this
issue is to vary the proportion of congruent trials relative to incongruent ones (e.g. Hasegawa
& Takahashi, 2013; Hommel, 1994b; Logan & Zbrodoff, 1979; Toth et al., 1995). If
proportion congruent (PC) is high (HPC), then the Simon effect is usually increased
compared to conditions where both trial types are balanced, whereas the effect is smaller and
can even become negative when PC is low (LPC). It is hoped that PC effects provide some
insight into the mechanisms involved in the control of location-induced activations.
However, one has to take into account that unbalanced proportions also produce
unbalanced transition frequencies between congruent and incongruent trials. Because it is
known that congruency effects vary with the congruency on the previous trial (Akçay &
Hazeltine, 2007; Gratton, Coles, & Donchin, 1992), at least part of the PC effect can
therefore be explained by sequential effects. Wühr (2005), for instance, assumed that trial-bytrial gating determines how much activation is allowed to flow along the direct route (see
also Stürmer et al., 2002). The flow increases or decreases after a congruent or incongruent
trial, respectively, which modulates the Simon effect accordingly. As a consequence, a
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decreased Simon effect in LPC blocks simply results from the frequently reduced flow of
activation on the direct route in this condition. The opposite holds in HPC blocks.
Gating, however, cannot fully account for PC effects (e.g. Hasegawa & Takahashi,
2013; Torres-Quesada, Funes, & Lupiáñez, 2014). For example, it cannot produce a negative
Simon effect, because even a completely closed direct route should merely produce a null
effect but not a negative one. Therefore, further mechanisms have to be assumed. One
candidate is strategic utilization of location (Logan & Zbrodoff, 1979; Stürmer et al., 2002).
If PC is higher or lower than 50%, then stimulus position is predictive for the required
response. Accordingly, participants can use this information to speed up response selection. If
PC is low, then a bias towards selecting the response contralateral to stimulus location can be
implemented, which produces relatively fast responses on the numerous incongruent trials.
On the few congruent trials, though, responses are relatively slow and are often incorrect.
Together, these effects of biasing lead to a negative Simon effect. Similar to the idea of
utilization is to assume implicit learning, i.e., that automatically learned associations between
response and stimulus location are responsible for the response bias (Toth et al., 1995).
However, utilization of location and implicit learning are not the only mechanisms
that can account for a negative Simon effect. A reversed effect can also be produced by
irrelevant-activation suppression, a control mechanism first proposed by Ridderinkhof and
his coworkers (2002a, 2002b). By analyzing so-called delta functions, which specify how the
Simon effect varies as a function of response time (RT), these researchers observed that the
Simon effect usually first increases with RT and then decreases for slower responses. To
account for the decrease, it was assumed that irrelevant response activation is actively
suppressed, but that it takes some time until suppression builds up. Consequently, only slower
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responses benefit from this mechanism. Importantly, irrelevant-activation suppression can
lead to a negative Simon effect (e.g. Hübner & Mishra, 2013).
Up to now, it is unclear which of the different mechanisms are active in the Simon
task with unequal proportions of congruent and incongruent trials. Therefore, the aim of the
present study was to further investigate this question. Because it is difficult to differentiate
between the mechanisms by merely analyzing mean performance, our idea was to inspect
delta functions, which are more informative. For instance, given a negative Simon effect in
the LPC condition, one can ask whether it is negative over the whole range of RTs, or only
for some section. By deriving how the proposed mechanisms should affect the delta functions
in the different conditions, and by comparing these predictions with our experimental results,
we wanted to learn which mechanisms account best for the data.
For the mechanism of gating it can be assumed that the flow of irrelevant information
is controlled right from the beginning of response selection, which has also been supported
empirically (e.g. Töbel et al., 2014). Consequently, any modulation of gating should affect
the Simon effect over the whole range of RTs. With respect to delta functions, this means that
gating should affect their offset. Thus, if gating is responsible for the sequential modulation
of congruency effects, then this modulation should mainly be reflected by a shift in offset.
Specifically, the reduced Simon effect after an incongruent trial should mainly be reflected by
a lower offset of the corresponding delta function. Accordingly, the delta functions in LPC
conditions (frequent incongruent trials) should have a lower offset, compared to those in HPC
conditions.
In contrast to gating, irrelevant-activation suppression is assumed to take some time
until it comes into effect (Ridderinkhof, 2002a). Consequently, the Simon effect first
increases to some extent from very short to moderate RTs until it begins to decrease for
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longer ones. However, it has been shown that the onset of suppression can also be modulated
(Hübner & Mishra, 2013). Thus, one can assume that PC affects the strength as well as the
onset of suppression. In LPC conditions, for instance, the frequently occurring response
conflict might induce a strong and relatively early suppression of irrelevant activation, which
is beneficial on the many incongruent trials. On the few congruent trials, though, suppression
is harmful, because the required response is inhibited, which produces longer and less reliable
responses, compared to incongruent trials. Consequently, the Simon effect might even be
negative, at least for slow responses. Thus, if irrelevant-activation suppression is modulated
by PC, then this should mainly be reflected by the slope of the delta function and the RT for
which the Simon effect is of maximum size.
Whereas the possible effects of irrelevant-activation suppression on delta functions
have already been stated in the literature, little is known as to how utilization of location
would affect these functions. However, one can easily derive some predictions from the basic
characteristic of this mechanism. If utilization is strategic, then the corresponding processes
should establish an indirect route and, consequently, be slower than those on the direct route,
especially in LPC conditions (Stürmer et al., 2002). On the other hand, utilizing of location
makes sense only if it facilitates response selection. Consequently, the processes should be
faster than the required stimulus-response translation on the usually applied indirect route.
Thus, one can expect that utilization of location mainly affects the delta functions in the
medium range of RTs. For these latencies the Simon effect should largely be reduced (or
even be reversed) or increased in the LPC or HPC condition, respectively. If one assumes that
utilization is largely due to implicit contingency learning, then one would expect that the
affected range of RTs is somewhat shifted towards faster responses, compared to strategic
effects.
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Obviously, all mechanisms predict different PC effects on the delta functions. Three
experiments were conducted, in which PC was modulated to see which of these predictions
are valid.

3.2. Experiment 1
In the first experiment, PC was 75% (HPC) in half of the experimental blocks,
whereas it was 25% (LPC) in the other half. The effect of PC on the delta functions should
help to differentiate between the proposed mechanisms.

3.2.1. Method
3.2.1.1. Participants
16 students (mean age of 21.4 years; 3 male) from the Universität Konstanz,
Germany, participated in the experiment. All had normal or corrected-to-normal vision and
were paid 8 € for their participation.

3.2.1.2. Stimuli, apparatus and procedure
Stimuli were red and blue squares of 2.2×2.2 cm presented against a black
background on an 18” color-monitor with a resolution of 1280 ×1024 pixels, and a refresh
rate of 60 Hz. The squares appeared randomly 2.2 cm left or right of fixation. Participants
were seated in front of the screen at a viewing distance of approximately 60 cm. Stimulus
presentation as well as response generation was controlled by the same personal computer
(PC). Each trial started with the presentation of a fixation cross at the center of the screen for
400 ms, followed by a blank screen for 400 ms. Then the target square appeared for 165 ms.
The screen remained blank until response (see Figure 3-1). After the response, a blank screen
was shown for 1000 ms before the next trial started.
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The task was to indicate the color of the square by pressing one of the two mouse
buttons (left button for blue; right button for red) with the index or middle finger of the right
hand, respectively. The participants were instructed to respond as fast as possible without
making many errors. Errors were signaled by a beep. At the end of each block the mean error
rate and mean RT in that block were displayed. If the mean error rate exceeded 10% the
participants were asked to be more accurate.

1000 ms
after response

Response
Target (165 ms)
Blank screen (400 ms)
Fixation cross (400 ms)
Figure 3-1 Procedure of the Experiments

Additional to the practice blocks, there were 8 HPC and 8 LPC experimental blocks
of 64 trials each, which were administered in a 1h session. HPC and LPC blocks contained
75% and 25% congruent trials, respectively. The two block types alternated across each
session.

3.2.2. Results
Responses faster than 100 ms or slower than 1200 ms were excluded from analysis (<
1.4% of all data).
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Latencies of correct responses were entered into an ANOVA for repeated
measurements on the factors congruency (congruent, or incongruent), proportion (HPC, or
LPC), and previous-trial congruency (congruent, or incongruent). The analysis revealed
significant main effects of congruency, F(1, 15) = 90.7, p < .001, and of proportion, F(1, 15)
= 4.73, p < .05. Responses were faster for congruent than for incongruent stimuli (412 vs. 446
ms) and for the HPC than for the LPC condition (424 vs. 435 ms). However, there was also a
significant interaction between these two factors, F(1, 15) = 7.23, p < .05. It indicates that the
Simon effect was stronger in the HPC condition (403 vs. 445 ms) than in the LPC condition
(422 vs. 448 ms). Moreover, there was a significant interaction between congruency and
previous-trial congruency, F(1, 15) = 104, p < .001, indicating that the Simon effect was
much stronger after a congruent trial (397 vs. 458 ms) than after an incongruent trial (428 vs.
435 ms). The interaction between all three factors was marginally significant, F(1, 15) =
4.20, p = .0584. It shows that the previous-trial congruency effect was more pronounced in
the HPC condition. Detailed data are presented below in Table 3-1.

Previous trial

Congruent

PC

75%

Congruency

Con Inc

Δ

Con Inc

Δ

Con Inc

Δ

Con Inc

Δ

RT (ms)

383

78

411

44

423

7

433

7

Error
(%)

Incongruent
25%

461

75%

455

25%

430

440

rate 1.88 17.2 15.3 3.98 9.99 6.01 4.01 8.59 4.58 3.73 1.69 2.04

Table 3-1: Mean results for the individual conditions in Experiment 1.
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Mean error rate was 7.48%. Subjecting the error rates to an ANOVA of the same type
as for the latencies revealed significant main effects of congruency, F(1, 15) = 40.2, p < .001,
and of previous-trial congruency, F(1, 15) = 4.62, p < .05. Responses were more reliable on
congruent trials than on incongruent trials (4.42% vs. 10.5%), and when the previous trial
was incongruent rather than congruent (6.67% vs. 8.24%). However, the interaction between
the two factors was also significant, F(1, 15) = 34.1, p < .001, indicating a much larger Simon
effect after a congruent trial (2.93% vs. 13.6%) than after an incongruent one (5.90% vs.
7.45%). The detailed data are shown in Table 3-1. As can be seen, in the LPC condition the
Simon effect was negative after an incongruent trial.

3.2.2.1. Delta functions
To compute delta functions for the latencies, we first computed cumulative
distribution functions for the RTs of correct responses for each congruency condition
(congruent, incongruent) in the two proportion conditions (HPC, LPC) by quantile-averaging
(.1, .3, .5, .7, and .9) the corresponding data (Ratcliff, 1979). Delta functions were then
obtained by calculating the differences of the corresponding quantiles between congruent and
incongruent conditions and relating them to their respective average RTs. In an analogous
manner we also computed the delta functions conditioned on previous-trial congruency. The
results are shown in Figure 3-2.
For obtaining delta functions for accuracy, we sorted all data into five 20% bins and
computed the proportion of correct responses and the mean RT for each bin. After averaging
the resulting values across participants, delta functions were constructed by computing the
differences in accuracy of the corresponding bins between congruent and incongruent
conditions, and relating them to the averaged mean RTs of the respective bin. The resulting
delta functions are shown in Figure 3-3.
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Figure 3-2: The left panel depicts the delta functions for RT in the two PC
conditions in Experiment 1. The middle and right panels show these
functions depending on whether a trial was preceded by a congruent (n-1
con) or an incongruent trial (n-1 inc), respectively.
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Figure 3-3: The left panel depicts the delta functions for accuracy in the
two PC conditions in Experiment 1. The middle and right panels show
these functions depending on whether a trial was preceded by a congruent
(n-1 con) or an incongruent trial (n-1 inc), respectively.
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3.2.3. Discussion
Our results show that the variation in PC produced the expected average effects, i.e.,
the Simon effects were larger in the HPC condition than in the LPC condition. To examine
which mechanisms might have been responsible for this difference, we considered the
corresponding delta functions. As can be seen in Figure 3-2 (left panel), for both PC
conditions the Simon effect in the latencies first increased with RT until it reached a
maximum after which it decreased to such an extent that the effect became smaller for the
slowest responses than for the fastest ones. This dynamics is compatible with the irrelevantactivation suppression account (Ridderinkhof, 2002b), which assumes that location-induced
activation is, after some delay, progressively suppressed during response selection.
Obviously, the delta functions differed in offset between the two PC conditions, but
hardly in shape. According to our predictions for the different control mechanisms, this
means that the PC effects were mainly due to differences in gating. This means that,
compared to the HPC condition, the flow of irrelevant information was largely restricted in
the LPC condition, which reduced the Simon effect to a similar amount for all RTs. There is
no evidence that utilization of location took place. If this mechanism would have been
involved, then the Simon effect in the LPC condition should have been smaller or even
negative in the medium range of RTs, relative to that for very fast and very slow responses.
As can be seen in Figure 3-2, this was not the case. A negative Simon effect was present only
for the slowest bin.
The same conclusions can be drawn from the delta functions in accuracy (Figure 3-3,
left panel). The Simon effect in the HPC condition was largest for fast responses, but then
decreased rapidly for slower ones. In the last two bins it was practically absent. For the LPC
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condition the Simon effect was generally reduced. However, it was still positive for fast
responses and became negative only for the last two bins.
Thus, the whole pattern of results can easily be explained by the combination of
gating and irrelevant-activation suppression. The latter mechanism reduced the Simon effect
for slow responses, and due to the generally smaller effect in the LPC condition, the Simon
effect even became negative in that range.
This interpretation is also supported by the sequential effects. As can be seen in
Figure 3-2 (middle and right panels), after a congruent trial the Simon effect was generally
larger than after an incongruent one. This suggests that the PC effect was largely due to
sequential effects. If the flow of irrelevant information is strongly restricted after an
incongruent trial by narrowing the gate of the indirect route, and if such trials occur
frequently, then the offset of the corresponding delta function should be reduced. Obviously,
gating was the only sequential control mechanism in the LPC condition. In the HPC
condition, though, the situation was different. Previous-trial congruency also affected the
shape of the delta function. Due to the fact that the majority of trials was preceded by a
congruent trial, the gate to the indirect route was mostly wide open, which led to a high offset
of the corresponding function (upper function in the middle panel of Figure 3-2). However,
irrelevant activation was also suppressed on these trials, which is reflected by the moderate
decrease of the Simon effect for the slowest responses. On the few trials following an
incongruent trial, the Simon effect was dramatically reduced not only by gating but also by
strong activation suppression. For the slowest bin this even resulted in a large negative Simon
effect.
The sequential effects in the error rates (Figure 3-3, middle and left panels) show that
strong suppression after an incongruent trial in the HPC condition did not produce a negative
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Simon effect. Rather, the effect was practically absent for the slower responses. In the LPC
condition, however, the Simon effect became negative for slow responses after an
incongruent trial. This could have been due to the fact that irrelevant activation was generally
reduced in this condition, compared to the HPC condition.
Taken together, it seems that the overall PC effect as well as its sequential
modulations by previous-trial congruency can easily be explained by the combination of
gating and activation suppression. There is no need to assume any kind of utilization of
location. However, one might argue that we did not find any signs of utilization, because the
variation of PC was not extreme enough. To test whether this was the case, we conducted a
further experiment with a larger disparity between congruent and incongruent trials.

3.3. Experiment 2
This experiment was similar to our first one, except that the proportion of congruent
trials in the HPC and LPC conditions was 84% and 16%, respectively. If utilization is a
feasible mechanism, then it should be applied with these more extreme proportions.

3.3.1. Method
14 students (mean age of 21 years; 5 male) from the Universität Konstanz, Germany,
participated in the experiment. All had normal or corrected-to-normal vision and were paid 8
€ for their participation. Apparatus and stimuli were same as in Experiment 1. The procedure
was also the same, except that the proportion of congruent trials in the HPC condition was
84%, whereas it was 16% in the LPC condition. Additional to practice blocks, there were 8
HPC blocks and 8 LPC blocks of 64 trials, which were administered in an alternating order.
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3.3.2. Results
Responses faster than 100 ms or slower than 1200 ms were excluded from analysis (<
1.5% of all data).
The latencies of correct responses were analyzed by an ANOVA for repeated
measurements on the factor congruency (congruent, or incongruent), proportion (HPC, or
LPC), and previous-trial congruency (congruent or incongruent). The analysis revealed a
main effect of congruency, F(1, 13) = 41.0, p < .001. Responses to congruent stimuli were
faster than those to incongruent ones (361 vs. 394 ms). However, there was also a significant
interaction between congruency and proportion, F(1, 13) = 18.6, p < .001. It indicates that the
Simon effect was stronger in the HPC condition (355 vs. 397 ms) than in the LPC condition
(373 vs. 391 ms). Moreover, there was a significant interaction between congruency and
previous-trial congruency, F(1, 13) = 12.7, p < .01, indicating that the Simon effect was
much stronger after a congruent trial (355 vs. 402 ms) than after an incongruent trial (367 vs.
386 ms). The interaction between all three factors was marginally significant, F(1, 13) =
6.05, p < .05. It shows that the previous-trial congruency effect was more pronounced in the
HPC condition. The detailed data are presented in Table 3-2.
Mean error rate was 10.4%. Subjecting the error rates to an ANOVA of the same type
as for the latencies revealed significant main effects of congruency, F(1, 13) = 31.5, p < .001,
proportion, F(1, 13) = 7.90, p < .05, and previous-trial congruency, F(1, 13) = 4.68, p < .05.
Responses were more reliable on congruent trials than on incongruent trials (5.19% vs.
15.6%), in the LPC condition than in the HPC condition (8.78% vs. 12.0%), and when the
previous trial was incongruent rather than congruent (9.11% vs. 11.7%). However, there was
also a significant interaction between proportion and congruency, F(1, 13) = 26.1, p < .001,
indicating a larger Simon effect in the HPC condition (3.79% vs. 20.3%) than in the LPC
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condition (6.59% vs. 11.0%). Moreover, there was a significant interaction between
congruency and previous-trial congruency, F(1, 13) = 9.19, p < .01, indicating a larger Simon
effect after a congruent trial (4.23% vs. 19.2%) than after an incongruent one (6.15% vs.
12.1%). The detailed data are shown in Table 3-2.

Previous trial

Congruent

Incongruent

PC

84%

Congruency

Con Inc

Δ

RT (ms)

336

72 373

16%

408

84%

Con Inc
396

16%

Δ

Con Inc

Δ

Con Inc

Δ

23

362

25

372

13

387

385

Error rate (%) 2.92 25.1 22 5.54 13.2 7.66 4.66 15.4 10.7 7.64 8.71 1.07
Table 3-2: Mean results for the individual conditions in Experiment 2.

3.3.2.1. Delta functions
Delta functions for the Simon effect in RT were computed in a same way as in the
previous experiment. However, for the minority trial type, the numbers of data points were
sufficient only for computing four percentiles for the corresponding delta functions in RT.
The results are shown in Figures 3-4 and 3-5, respectively.
As can be seen in Figure 3-4, left panel, in the HPC condition the Simon effect steeply
increased with RT until it leveled off, whereas the effect largely remained constant across
RTs in the LPC condition. Relative to the average effects, the sequential effects show a
similar pattern as in Experiment 1.
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Figure 3-4: The left panel depicts the delta functions for RT in the two PC
conditions in Experiment 2. The middle and right panels show these
functions depending on whether a trial was preceded by a congruent (n-1
con) or an incongruent trial (n-1 inc), respectively.
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Figure 3-5: The left panel depicts the delta functions for accuracy in the
two PC conditions in Experiment 2. The middle and right panels show
these functions depending on whether a trial was preceded by a congruent
(n-1 con) or an incongruent trial (n-1 inc), respectively.
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3.3.3. Discussion
Also in this experiment we observed the usual overall PC effects (see Table 3-2). The
Simon effect in RT was similar in size than in Experiment 1, whereas in the error rates it was
somewhat larger. However, if we consider the delta functions in RT for the two PC
conditions (Figure 3-4, left panel), then it is obvious that they are not similar in shape, which
is different from Experiment 1. In the HPC condition the Simon effect steeply increased with
RT until it leveled off for very slow responses, whereas in the LPC condition the effect was
similar in size across all RTs. As a consequence, although the delta function in the LPC
condition had a lower offset, it did not become negative for slow responses.
If we consider the sequential effects, then we see that the delta functions were again
lower for responses after an incongruent trial than for responses after a congruent one.
Moreover, after an incongruent trial the Simon effect again reversed for slow responses in the
LPC condition, which was not the case in the HPC condition. This pattern of results suggests
that gating reduced the flow of irrelevant information to a larger extent than in Experiment 1,
while irrelevant-activation suppression was weaker.
Thus, despite the increased disparity between the numbers of congruent and
incongruent trials, the data can again be explained by gating and suppression alone. There is
no indication that utilization of location was involved in response selection. Yet, one might
argue that the flat delta function for RT in the LPC condition indicate utilization, at least on
some trials. However, if we consider the delta functions for accuracy (Figure 3-5), then we
see that fast responses were still biased towards stimulus location rather than towards the
opposite location, which produced a positive Simon effect. Only for slower responses the
effect reverses. This was even the case for responses after an incongruent trial.
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3.4. Experiment 3
The results of the previous two experiments suggest that PC effects can be explained
by gating and irrelevant-activation suppression, and that it is not necessary to assume some
kind of utilization of location. This outcome was somewhat surprising. Why did participants
not use the strong correlation between location and response to speed up response selection?
One reason might have been that LPC and HPC blocks were alternating. Consequently, for
utilization the participants would have had to switch repeatedly between opposite locationresponse rules. Because such switching is effortful, it is conceivable that utilization was not
used to save mental energy.
If this hypothesis is valid, then utilization should occur in a between-participants
design, i.e. when participants work through HPC or through LPC blocks, but not both. This
prediction was tested in the present experiment, which was similar to Experiment 1, except
that PC was varied between participants.

3.4.1. Method
Students from the Universität Konstanz, Germany, participated in the experiment. All
had normal or corrected-to-normal vision and were paid 5 € for their participation in a 30 min
session. Apparatus and stimuli were same as in Experiment 1. The procedure was also the
same, except that PC was varied between participants. That is, one group of 11 participants
(mean age of 23 years; 1 male) worked through 10 HPC blocks of 64 trials each, whereas
another group of 10 students (mean age of 21 years; 2 male) worked through 10 LPC blocks.

3.4.2. Results
Responses faster than 100 ms or slower than 1200 ms were excluded from analysis (<
1.6% of all data).
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The RTs of correct responses were subjected to an ANOVA with the betweenparticipant factors congruency (congruent, or incongruent) and previous-trial congruency
(congruent or incongruent), and the between-participant factor proportion (HPC, or LPC).
The analysis revealed a main effects of congruency, F(1, 19) = 133, p < .001, and of
previous-trial congruency, F(1, 19) = 15.4, p < .001. Responses to congruent stimuli were
faster than those to incongruent ones (391 vs. 437 ms), and responses preceded by a
congruent stimuli were faster than those preceded by an incongruent one (410 vs. 418 ms).
However, there was also a significant interaction between congruency and proportion, F(1,
19) = 30.3, p < .001. It indicates that the Simon effect was stronger in the HPC condition
(377 vs. 443 ms) than in the LPC condition (406 vs. 430 ms). Moreover, there was a
significant interaction between congruency and previous-trial congruency, F(1, 19) = 25.8, p
< .001, indicating that the Simon effect was much stronger after a congruent trial (378 vs. 443
ms) than after an incongruent one (405 vs. 430 ms). The detailed data are presented in Table
3-3.
Mean error rate was 8.13%. Subjecting the error rates to an ANOVA of the same type
as for the latencies revealed significant main effects of congruency, F(1, 19) = 50.3, p < .001,
and proportion, F(1, 19) = 8.07, p < .05. Responses were more reliable on congruent trials
than on incongruent trials (3.74% vs. 12.5%), and in the LPC condition, compared to the
HPC condition (6.22% vs. 9.86%). However, there was also a significant interaction between
proportion and congruency, F(1, 19) = 26.1, p < .001, indicating a larger Simon effect in the
HPC condition (2.75% vs. 17.0%) than in the LPC condition (4.84% vs. 7.61%). Moreover,
there was a significant interaction between congruency and previous-trial congruency, F(1,
19) = 38.2, p < .001. The Simon effect was larger after a congruent trial (2.12% vs. 15.1%)
than after an incongruent one (3.37% vs. 9.91%). The detailed data are shown in Table 3-3.
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Previous trial

congruent

incongruent

PC

75%

Congruency

Con Inc

Δ

Con Inc

Δ

Con Inc

Δ

Con Inc

Δ

RT (ms)

360

90

396

39

394

42

417

7

25%

450

75%

435

25%

436

424

Error rate (%) 1.33 20.6 19.3 2.98 9.08 6.1 4.15 13.3 9.15 6.70 6.13 -0.57
Table 3-3: Mean results for the individual conditions in Experiment 3.

3.4.2.1. Delta functions
Delta functions for the Simon effect in RT were computed in a same way as in
Experiment 1. The results are shown in Figures 3-6 and 3-7, respectively.
As can be seen in Figure 3-6 (left panel), in the HPC condition the Simon effect
gradually increased with RT, whereas in the LPC condition the effect first increased and then
decreased. Moreover, the functions for the sequential effects have a similar form as their
average functions. Figure 3-7 shows that the Simon effect in the error rates decreased steadily
with RT for both HPC and LPC conditions. For the LPC condition it even became negative
for the slower responses.
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Figure 3-6: The left panel depicts the delta functions for RT in the two PC
conditions in Experiment 3. The middle and right panels show these
functions depending on whether a trial was preceded by a congruent (n-1
con) or an incongruent trial (n-1 inc), respectively.
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Figure 3-7: The left panel depicts the delta functions for accuracy in the
two PC conditions in Experiment 3. The middle and right panels show
these functions depending on whether a trial was preceded by a congruent
(n-1 con) or an incongruent trial (n-1 inc), respectively.
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3.4.3. Discussion
Despite the between-participants design, the overall PC effects (Table 3-3) were
similar to those in the previous experiments. However, if we consider the delta functions,
then it is obvious that they are different. In the HPC condition, the Simon effect in the
latencies gradually increased with RT to a very high level, whereas in the LPC condition it
first increased and then decreased to zero (Figure 3-6, left panel). An even larger difference
to the previous experiments occurred for the delta functions of the sequential effects (Figure
3-6, middle and right panels). In the HPC condition there was no decrease of the Simon effect
for slow responses, even after an incongruent trial. On the other hand, the decrease was
substantial in the LPC condition, especially after a congruent trial.
This pattern of results suggests that there was little irrelevant-activation suppression
in the HPC group, whereas suppression was rather strong in the LPC group. If we compare
the results with those in Experiment 1, then it is obviously that performance was largely
affected by the experience with different PC conditions in that experiment. However, if we
consider the delta functions in accuracy for the present experiment (Figure 3-7, left panel),
then we see that the fast responses in the LPC condition were nevertheless biased towards
stimulus location rather than towards the opposite location. The Simon effect again reversed
only for slow responses.
Thus, taken together, the results of this experiment suggest that, even if participants
exclusively experience the LPC condition, they do not utilize stimulus location. Obviously, to
meet the task requirements, it was necessary and sufficient to control the impact of irrelevant
information and activation on performance by gating and suppression.
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3.5. General discussion
In the present study we investigated which mental control mechanisms are involved in
the Simon task, especially if the proportion of congruent trials (PC) is varied. In former
studies (e.g. Hasegawa & Takahashi, 2013; Hommel, 1994b; Logan & Zbrodoff, 1979;
Stürmer et al., 2002; Toth et al., 1995) it has been found that the Simon effect is increased in
high PC (HPC) conditions, and decreased in low PC (LPC) ones. In the latter condition the
Simon effect can even be negative. At least three mechanisms have been proposed that
potentially might contribute to this modulation of the Simon effect: gating (Wühr, 2005),
irrelevant-activation suppression (Ridderinkhof, 2002b), and utilization of location (Logan &
Zbrodoff, 1979; Stürmer et al., 2002). Because it is difficult to decide which of these
mechanisms are involved by merely considering mean performance, the approach in the
present study was to consider delta functions. After deriving how the different mechanisms
would affect the delta functions in the two PC conditions, we conducted three experiments to
test these predictions.
In our first experiment the proportions of congruent trials in the HPC and LPC
conditions were 75% and 25%, respectively. As a result, the delta functions in RT (Figure 32) for the two PC conditions were rather similar in shape. The Simon effect first increased
with RT up to a maximum and then decreased. This dynamics can be interpreted as sign of
irrelevant-activation suppression, which assumes that suppression takes some time to build
up.
However, although similar in shape, the delta functions differed in offset, reflecting
the result that the Simon effect was generally larger in the HPC condition than in the LPC
condition. This shift in offset can be explained by the gating mechanism. If one assumes that
gating takes place at the entry of the direct route of response activation, then this mechanism
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is similar to early selection in the flanker task (Hübner et al., 2010) and explains why the
Simon effect was also modulated for fast responses. According to this account the access of
irrelevant location information to the direct route (De Jong et al., 1994; Kornblum et al.,
1990) was restricted more strongly in the LPC than in the HPC condition.
However, if we consider the sequential effects (Figure 3-2), then it is obvious that the
overall delta functions had a similar shape for different reasons. In the LPC condition, the
functions for responses after a congruent trial and those for responses after an incongruent
trial were also similar in shape and merely differed in offset. In the HPC condition, though,
the shapes of the corresponding functions differed substantially. The decrease for longer RTs
was small for responses after a congruent trial, but very steep for responses after an
incongruent trial. In the latter case this even resulted in a negative Simon effect of more than
50 ms for the slowest bin.
Nevertheless, despite the differently shaped delta functions for the sequential data, the
pattern of results can be explained by gating and irrelevant-activation suppression. Whereas
the first mechanism is responsible for the shifts in offset, the latter mechanism accounts for
the differences in slope. There was no indication of strategic utilization of location or of
implicit contingency learning. These mechanisms should have produced a small or reversed
Simon effect in the medium range of RTs, which, however, was not the case. If there were
negative effects, they were present only for slow responses. This also held for the Simon
effect in accuracy (Figure 3-3).
One possible reason of why utilization did not occur could have been that the
difference in proportion was not extreme enough. Therefore, in Experiment 2, we presented
84% and 16% congruent trials in the HPC and LPC conditions, respectively. As a result, in
addition to a difference in offset, the overall delta functions now also differed in shape
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between the two conditions (Figure 3-4). Whereas the function for the HPC condition
gradually increased with RT, it was almost flat for the LPC condition. Thus, the reduction of
the Simon effect for slow responses was much smaller, compared to Experiment 1.
According to the predicted effects of the different mechanisms, this means that there was less
irrelevant-activation suppression. But again, there was no indication that utilization of
location played any role. Merely the observed flat delta function for the LPC condition could
be interpreted in the sense that utilization occurred at least on some trials, which reduced the
increase of the Simon effect from short to medium RTs. However, this reduction was rather
small, which implies that, if utilization occurred at all, then only on very few trials.
A possible reason of why there was no noteworthy utilization of location in the LPC
condition, despite the high correlation between stimulus location and response could have
been that this condition alternated with the HPC condition. Under these circumstances
utilization would have required to remap location and response from one block to the next,
which is presumably quite effortful. To test this hypothesis, we applied a betweenparticipants design in Experiment 3. Each participant either worked though LPC or HPC
blocks, but not both.
As a result, the Simon effects in RT and accuracy were rather large in the HPC
condition. In the latencies, the effect steadily increased with RT, starting from an already
high level. In accuracy, the Simon effect was extremely high for the fastest responses (Figure
3-7). Together, the delta functions suggest that in the HPC condition the flow of irrelevant
location-induced information was little reduced by gating and that the resulting irrelevant
activation was hardly suppressed. In the LPC condition, however, the Simon effect in RT
increased with RT for fast responses until it decreased again for slow ones, similar to
Experiment 1, and the decrease was especially strong after a congruent trial (see Figure 3-6,
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right panel). This pattern of results suggests that in the LPC condition gating effectively
restricted the flow of irrelevant information.
Our results show that even under the conditions of Experiments 3 and there was no
indication of strategic utilization, at least not in the sense that contingences between location
and response are exploited by implementing specific S-R rules. Rather, it seems that the
participants adjusted the strength of gating and suppression in such a way that they were able
to fulfill the task demand to commit less than 10% errors, on average. In the HPC condition it
was possible to meet this requirement with little gating and suppression, which additionally
speeded up response selection. In the LPC condition, though, the participants largely
restricted the impact of irrelevant location information to limit the number of errors. This
control was exerted by a restrictive gating and strong suppression.
Thus, taken together, from the consideration of our distributional data we cannot only
conclude that PC effects in the Simon task are mainly due to gating and irrelevant-activation
suppression, but also that PC effects and sequential effects are based on the same
mechanisms. The latter statement is opposite to conclusions drawn from analyzing mean data
(e.g. Hasegawa & Takahashi, 2013). We do not claim that PC effects in the Simon task can
completely be reduced to the sum of sequential effects. However, in view of our data it is
likely that at least a large part of the PC effects can. In this respect it is also important to note
that the sequential effects are not static. Rather, as we have shown, they vary with the specific
experimental conditions and task demands. Thus, it seems that gating and irrelevantactivation suppression are modulated by conflict adaptation and control strategies,
respectively. However, conflict adaptation and control strategies seem not to operate
independent from each other.
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In any case, the present study shows that gating and irrelevant-activation suppression
are common control mechanisms involved in the Simon task. Moreover, effects produced by
varying proportion congruent provided further insight into these mechanisms and their
interaction. To account for these effects, it was not necessary to assume an additional control
mechanism.
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4. Study III
Context specif ic on the fly adaptation of
attentional selectivity in the Simon paradigm 3

4.1. Introduction
Cognitive control is a broad term referring collectively to multiple control processes
involved in resolving the task conflict to produce an appropriate behavioral response. One
such important control process is selective attention (Bugg & Crump, 2012; Lehle & Hübner,
2008; Logan & Zbrodoff, 1979; Wendt, Kluwe, & Vietze, 2008), which refers to selectively
attending the task-relevant information while simultaneously filtering out the task-irrelevant
noise. However, interference paradigms like the Stroop (Jacoby, Lindsay, & Hessels, 2003;
Logan & Zbrodoff, 1979; Stroop, 1935), the Simon (Hübner & Mishra, 2013; Simon, Craft,
& Small, 1971), and the Flanker (Eriksen & Schultz, 1979; Lehle & Hübner, 2008), have
shown that selective attention is not perfect in the sense that some noise is always processed
up to a level at which it activates its own behavioral response. Such processing of taskirrelevant noise produces what is known as the interference effect, which refers to slower and
less accurate responses in conditions where task-irrelevant response is different from the taskrelevant response (incongruent conditions), compared to conditions where the responses are
same (congruent conditions) (Wendt et al., 2008).

3

Mishra and Hübner (2015), Manuscript prepared
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Selective attention, however, does not always imply the selection of target over
irrelevant noise as some times, the noise is beneficial for the task and is also easier to process.
The nature and efficiency of selective attention, thus, vary with respect to, both, inherent
aspects of human beings, like age, working memory capacity, clinical status etc., and external
task conditions (Bugg & Crump, 2012). Of our current interest is one such condition where
proportion of congruent trials, called as proportion congruency (PC), is varied in the task
(Bugg & Crump, 2012). Usually PC is manipulated in a block-wise, also called as list-wide,
manner where separate blocks of trials are either mostly congruent or mostly incongruent.
Typically, blocks with smaller PCs (i.e., number of congruent trials is lesser than number of
incongruent trials in a block) exhibit smaller interference effects than those with larger PCs, a
finding known as the list-wide proportion congruency effect (LWPC) (Bugg & Crump,
2012). The LWPC effect is assumed to be a strategic byproduct of a more voluntary and
global attentional processing. It is believed that participants divide their attentional resources
between task-relevant and irrelevant information based on their respective utilities in the
block. Consequently in blocks with larger PCs, attentional selectivity for otherwise taskirrelevant noise is strategically increased due to the presence of many congruent trials where,
both, task relevant information and irrelevant noise yield the same response. While such a
strategy is useful for congruent trials, it is detrimental for incongruent trials, leading to bigger
interference effects. On the other hand, in blocks with smaller PCs, selectivity for noise is
strategically reduced due to many incongruent trials, which ultimately decreases the overall
interference effect. Such LWPC effects have been observed in the Stroop (Logan & Zbrodoff,
1979), the Flanker (Gratton et al., 1992; Lehle & Hübner, 2008) and the Simon paradigms
(Stürmer et al., 2002; Toth et al., 1995).
While the LWPC effect indicates towards more pre-planned and global strategies,
selections strategies have been shown to be more flexible in nature (Lehle & Hübner, 2008).
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Recent studies have shown that participants can adjust attentional selectivity on the fly after
stimulus onset, depending on specific stimulus feature or location where it appears. For
instance, Lehle and Hübner (2008) observed a smaller Flanker compatibility effect (FCE) for
stimuli (target and flankers) whose color was associated with mostly incongruent condition
(e.g., red), compared to stimuli whose color was associated with mostly congruent condition
(e.g., green). Importantly, the overall proportion between congruent and incongruent trials
was maintained at 50%, so there was no way for participants to form a global list-wide
selection strategy. The only explanation that seemed possible was on the fly association
between the stimulus color and selective attention. It was assumed that the mostly congruent
color became associated with weak selective attention while mostly incongruent color
became associated strong selective attention. When stimulus appeared on screen, its color
reflexively triggered the retrieval of its associated selective filter which rapidly adjusted the
current settings to provide online control over processing of the stimulus (Bugg & Crump,
2012). Such interference effect based on stimulus feature, was termed as the item-specific
proportion congruency effect (ISPC) (Bugg & Crump, 2012). The ISPC effect has also been
observed in a variant of the Stroop paradigm by Jacoby et al. (2003).
Not only stimulus feature but location where stimulus appears has also been shown to
influence attentional selectivity. Such context dependent interference effect is termed as the
context-specific proportion congruency effect (CSPC) (Bugg & Crump, 2012). Wendt et al.
(2008), in a variant of the Flanker paradigm, presented stimuli at four different locations
where each location was associated with a certain ratio of congruent to incongruent flankers.
Overall PC level was maintained at 50%, yet a smaller interference effect was found at
locations where incongruent flankers appeared more frequently compared to locations where
congruent flankers appeared more, showing that control strategies are more flexible and can
be exerted on the fly.
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With as much certainty as on the fly adaptation of selectivity has been found with the
Stroop and Flanker paradigms, its existence is yet to be established in the Simon paradigm.
Simon paradigm is special because here the cause for conflict is an accidental stimulus
feature, its location (Hübner & Mishra, 2014). In the standard version of this task, stimulus is
presented to the right or to the left of the fixation cross, and a spatial response, which usually
is the “left” button or the “right” button press, is required based on the stimulus’ value on a
non-spatial feature (e.g., its color or form). A typical observation is that responses are faster
and more reliable when stimulus location is ipsilateral to the desired spatial response, e.g.,
location left and response left (congruent condition), compared to when it is contralateral,
e.g., location left and response right (incongruent condition). This difference is performance
is called as the Simon effect which reflects the impact of task irrelevant spatial information
on response selection (Hübner & Mishra, 2014).
Given an already strong influence of location in the Simon paradigm, the question is
whether a CSPC effect can still be observed, which would indicate towards a different role of
location. We tried to investigate this question by introducing four different spatial contexts
where stimulus could appear: above and right to the fixation (AR), above and left to the
fixation (AL), below and right to the fixation (BR) and below and left to the fixation (BL).
While locations left and right were hypothesized to interfere with response selection
(response set was also left and right), above and below were acted upon by fixed PC
manipulations with respect to the congruency of trial (pl. refer to procedure), to enable them
into meaningful contextual cues. Should participants utilize above and below information to
optimize their attentional selectivity, a significant CSPC effect shall be observed. However,
should participants choose to ignore location completely owing to its general irrelevance in
the task (participants have to respond on the basis of stimulus non-spatial feature and not its
location) then there shall be no CSPC effect.
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4.2. Experiment
In the present experiment, we used red and blue square boxes as stimuli and
participants had to respond on the basis of color of the box. The target box appeared at one of
the four spatial locations: above and right to the fixation (AR), above and left to the fixation
(AL), below and right to the fixation (BR) and below and left to the fixation (BL). In half of
the experimental blocks, for locations above the fixation i.e. AR and AL, 75% trials were
congruent and 25% were incongruent (high proportion congruency condition., HPC) while
for locations below the fixation i.e. BR and BL, 25% trials were congruent and 75% were
incongruent (low proportion congruency condition., LPC). This relation was reversed in the
other half of experimental blocks. Importantly, the overall ratio of congruent to incongruent
trials within each block was 50%, so participants did not have any prior information about the
congruency of the trial. Yet, if spatial information above and below can be used to adjust
attentional selectivity on the fly, the Simon effect should be smaller for stimuli whose
location indicates a high probability of incongruent trials (LPC) as opposed to stimuli whose
location indicates a low probability of incongruent trials (HPC).

4.2.1. Method
4.2.1.1. Participants
18 students (mean age of 19 years; 4 male) from the Universität Konstanz, Germany,
participated in the experiment. All had normal or corrected-to-normal vision and were paid 8
€ for their participation.

4.2.1.2. Stimuli, apparatus and procedure
Stimuli were red and blue square boxes, 2.2 square cm in area and were presented
against a black background on an 18” color-monitor with a resolution of 1280 ×1024 pixels,
and a refresh rate of 60 Hz. The boxes appeared randomly at 2.2 cm horizontally and 2.2 cm
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vertically from the fixation cross at one of the four spatial coordinates, above and right to the
fixation (AR), above and left to the fixation (AL), below and right to the fixation (BR) and
below and left to the fixation (BL). Participants were seated in front of the screen at a
viewing distance of approximately 60 cm. Stimulus presentation as well as response
generation was controlled by the same personal computer (PC). Each trial started with the
presentation of a fixation cross at the center of the screen for 400 ms, followed by a blank
screen for 400 ms. After this the target square appeared for 165 ms. The screen remained
blank until the participant had responded (see Figure 4-1). After the response, the feedback
screen appeared for 1500 ms. After a blank screen of 1000 ms, the next trial started.
The task was to indicate the color of the box by pressing one of the two mouse
buttons (left button for blue box; right button for red box) with the index or middle finger of
the right hand, respectively. The participants were instructed to respond as fast as possible
without making many errors. On every incorrect trial, an auditory feedback was provided. At
the end of each block the mean error rate and RT in that block were displayed. If the mean
error rate exceeded 10% the participants were asked to be more accurate.

Figure 4-1: Procedure of the experiment.
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Additional to the practice blocks, there were 16 experimental blocks (64 trials/block).
In half of the experimental blocks, for locations above the fixation i.e. AR and AL, 75% trials
were congruent and 25% were incongruent (HPC), while for locations below the fixation i.e.
BR and BL, 25% trials were congruent and 75% were incongruent (LPC). This relation was
reversed in the other half of experimental blocks. The overall ratio of congruent to
incongruent trials within each block was 50%.

4.2.2. Results
4.2.2.1. Response times
Responses faster than 100 ms or slower than 2000 ms were excluded from analysis (<
0.2% of all data).
Mean reaction time was 393 ms. The latencies of correct responses were analyzed by
ANOVA for repeated measurements on the factor congruency (congruent or incongruent) and
proportion (high and low). The analysis revealed a main effect of congruency, F(1,17) =
83.8, p < .001, however the main effect of proportion was not significant, F(1,17) = 0.375, p
= 0.548. Nevertheless, the most important result, which was the interaction between
congruency and proportion was significant, F(1,17) = 6.52, p < .05. Simon effect was larger
in HPC (Δ= 33 ms) as compared to LPC (Δ= 25 ms), as can be seen below in Figure 4-2,
which showed strategic differences in selection mechanisms between the two congruency
conditions.

Response Time (msec)
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Ratio congruent/incongruent (location)
Figure 4-2: Simon effect in latencies in HPC and LPC.

4.2.2.2. Error rates
Mean error rate was 6.34%. Subjecting the error rates to an ANOVA of the same type
as for the latencies also revealed a significant main effect of congruency, F(1,17) = 49.0 , p <
.001 and close to significant main effect of proportion, F(1,17) = 4.03, p = 0.06 . Similar to
response times, the interaction between congruency and proportion was significant, F(1,17) =
6.14, p < .05. Simon effect was larger in HPC (Δ= 6.83%) as compared to LPC (Δ4.39%), as
can be seen below in Figure 4-3.

Error Rate (%)
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Ratio congruent/incongruent (location)
Figure 4-3: Simon effect in error rates in HPC and LPC.

4.3. Discussion
Our present results indicate on the fly adaptation of processing selectivity for the
target stimulus based on the spatial cues “above” and “below”. It was conceived that for
spatial cue which indicated a high proportion of congruent trials (HPC), participants
weakened their attentional selectivity for the target’s color and started processing its location
(left or right) more. While this strategy produced correct responses on majority of congruent
trials, it led to incorrect responses on incongruent trials and eventually increased the size of
the Simon effect. On the other hand, for spatial cue that indicated a low proportion of
congruent trials (LPC), participants strengthened their selectivity for target’s color while
simultaneously filtered out its location; as such a strategy was useful for the current task
demands. Since participants did not know in advance about the location of the target with
respect to the fixation cross, the only way to modulate their attentional selectivity based on
cue was after the target’s onset on the fly.
Our findings are an addition to the already existing literature on “on the fly”
adaptation of selectivity with the Simon and the Flanker paradigms. Apart from being new,
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these findings are also special due to the importance of location in the Simon paradigm. It
was indeed exciting to see the role of location as a cue to guiding action in a task where it is
also an irrelevant dimension. Nonetheless, our results have proved that despite its general
irrelevance in the task, location is still an effective cue for on the fly adaptation of action.
All in all our study demonstrates a highly adaptive nature of human processing system
to meet the outside demands. Proportion based studies have unraveled the two sides of this
processing system: one which is more sustained, global and relatively constant; while the
other which is more reflexive, spontaneous and transient in its mode. The application of these
strategies depends majorly on task demands but the end result is an optimal behavioral
performance irrespective of the strategy in use.

4.4. Contributions
The prepared manuscript has been co-authored by my supervisor, Prof. Dr. Ronald
Hübner. The individual contributions, nevertheless, are listed below:
Literature review: Shreyasi Mishra
Brainstorming ideas and formulating hypothesis/es: Ronald Hübner and Shreyasi Mishra
Design of behavioral experiments: Shreyasi Mishra
Data collection: Shreyasi Mishra
Data analysis: Shreyasi Mishra
Results interpretations: Shreyasi Mishra and Ronald Hübner
Drafting and documentation: Shreyasi Mishra
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5. General Discussion
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5.1. A quick recap on the Simon literature
The aim of my project was to shed light on different conflict resolution mechanisms
in the Simon task. Simon task is a cognitive conflict paradigm where conflict is induced by
the location of stimulus. The paradigm typically requires a spatial response to a non-spatial
attribute of the stimulus. However, stimulus location, which is an irrelevant attribute,
automatically activates its own corresponding spatial response. When the response activated
by location corresponds with the task-appropriate response (congruent condition) responses
are faster and more accurate as compared to when it does not correspond (incongruent
condition). This difference in performance is referred to as the Simon effect, which reflects
the influence of task-irrelevant spatial information on the response selection.
A typical feature of the Simon effect is that it decreases in size with an increase in
reaction time. The temporal dynamics of the Simon effect is best captured through delta
functions, which can be plotted for both reaction time and accuracy. The shape of the delta
function for latencies is somewhat bell like, with a smooth positive slope followed by a long
negative slope. The delta function, thus, reflects an initial increase in the Simon effect till it
reaches asymptote before starts declining. The shape of the accuracy delta function, however,
essentially acquires a continuous negative slope, thus reflecting a higher proportion of fast
impulsive responses on incongruent condition. Such a time-course of the Simon effect has
been interpreted distinctly via two important theories: activation-suppression hypothesis and
temporal-overlap theory. Activation-suppression hypothesis claims that the irrelevant
activation by location is actively suppressed along the direct route, however suppression
being a slow process, benefits slow responses more than the fast ones. Temporal-overlap
theory, on the other hand, alleges that the irrelevant response activation decays passively with
time. Thus, trials on which the relevant stimulus attribute takes longer to process, irrelevant
activation has more time to undergo passive decay, which eventually leads to a smaller
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Simon effect. Hence, irrespective of the differences in involved mechanisms, both activationsuppression and temporal-overlap hypotheses satisfactorily explain the characteristic
reduction in the Simon effect with time. Since then numerous experiments have been
conducted judging the validity of these theories and making refinements based on new
findings. One such addition has been the suppression variability premise, according to which
the onset, build-up rate and the strength of suppression are subject to modulations based on
task requirements. The characteristic variations in suppression can be seen through delta
functions for latencies where the slope of the function turns negative from positive earlier in
the reaction time distribution, depicting a relatively earlier onset of suppression, or acquires a
“steep” negative slope, depicting its greater strength. While suppression is one way to resolve
response conflict in the Simon paradigm, an alternative way is to gate the flow of location
along the direct route. Gating functions on a trial-by-trial basis such that it restricts the flow
of location along the direct route after an incongruent trial, while facilitates its flow after a
congruent trial. For gating it is assumed that the flow of irrelevant information is controlled
right from the beginning of response selection, which has also been supported empirically
(Töbel et al., 2014).With respect to delta function gating, thus, affects its offset, such that the
offset is shifted towards lower values in conditions with more efficient gating compared to
conditions with less efficient gating. All in all, these potential mechanisms serve to minimize
the response conflict in the Simon paradigm and facilitate an optimal performance.

5.2. Concise motivation behind the current
work
A general curiosity towards understanding more about the conflict resolution
mechanisms involved in the Simon paradigm and investigating deeper into their individual
nature and characteristics, form a comprehensive aim of the current work. The first study
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specifically tests the strategic adjustments in activation-suppression. The study was inspired
from the cue-priming study by Burle et al. (2005), who found a negative Simon effect for
conditions where an irrelevant cue preceded the relevant information. The cause for the
negative Simon effect was stated to be strong selective suppression. It was argued that
participants suppressed the activation induced by the irrelevant cue. While such a strategy
benefitted the incongruent trials, it had a cost on congruent trials since on congruent trials the
suppressed response had to be overcome first to execute it, which consequently led to longer
reaction times and thus a negative Simon effect. However, the catch was that the delays
between the cue and the target were randomized, so participants did not have any prior
information about the consecutive delays. It was quite probable that if participants knew
about the respective temporal delays, they might as well have strategized their suppression
strength accordingly and just applied the right amount of suppression to meet an optimal
performance. Such a modus-operandi would lead to a positive Simon effect. In order to test
the extent the strength of suppression could be strategized, the first study was designed. Two
experiments were conducted in which an irrelevant spatial cue preceded the target at different
temporal intervals (SOAs). In the first experiment, the intervals were randomized, while in
the second, they were blocked. It was hypothesized that the information about the temporal
delays in the blocked condition would allow for strategic suppression and thus would lead to
a positive Simon effect, while the lack of this information in the random condition would
prevent appropriate adjustment of suppression and thus would result in a negative Simon
effect for the long temporal delays. The results and corresponding delta functions between the
conditions reflect significant differences in strategic processing of the target with respect to
both suppression and gating.
While the first study investigates the effect of pre-cuing on the Simon effect, the
second study explores the modulations in the Simon effect as caused due to the change in the
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proportion of congruent trials. A change in proportion congruency (PC) is an important task
modulation to explore deeper into the conflict resolution mechanisms. Given the fact that
unbalanced proportions also produce unbalanced transition frequencies between congruent
and incongruent trials, an intuitive conflict-adaptation approach is the utilization of stimulus
location to bias response since location is easier to perceive and process compared to identity.
Whether this is indeed the case, was examined in the current study through delta functions.
The third study inspects on-the-fly adaptation of processing selectivity in the Simon
paradigm. This study investigates whether suppression and gating are the only mechanisms to
fight against conflict, or if there are other approaches too.

5.3. Summary of findings and their implications
on the existing theories
5.3.1. Study 1
Results from Study 1 clearly account for strategic adaptation of activation-suppression
based on task demands. For the random condition, the Simon effect was positive only for the
shortest delay while negative for the two longer delays, while for the blocked condition,
Simon effect was positive for the longer delays too. The delta functions for latencies further
revealed how suppression proceeded in these conditions. In the random condition, the slope
of the delta functions turned negative earlier in the reaction time distribution and continued
for a longer duration, while in the blocked condition, the irrelevant spatial activation
increased after cue onset and was then suppressed only for some time until suppression was
finally abandoned. The differences in the shapes of the delta functions strongly support
Ridderinkhof (2002b) suppression-variability premise, according to which the onset, strength
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and/or the buildup rate of suppression is subject to modulations depending on task
requirements, otherwise the shapes would not vary significantly between the conditions.
The results and the pattern of delta functions further shed light on the relationship
between the temporal-overlap theory and the activation-suppression hypothesis. From the
results it seems that the temporal-overlap, which rests on the idea of passive decay of the
location- induced activation, and activation-suppression, which believes in more active forms
of inhibition, may actually not be functioning exclusive of each other, as it has originally
been thought. Alternatively, and what the results also show, it is conceivable that both these
mechanisms operate purely in relation to task demands and available opportunities to meet an
optimal task performance. In the current study, for instance, a complete randomization of
temporal delays deprived participants of the knowledge about individual delays, which
prevented them from voluntarily relying on the decay of location-induced activation and
caused suppression to take over almost completely to meet high task demands. On the other
hand, in the blocked condition, the prior knowledge about respective delays provided enough
time and scope for the irrelevant activation to undergo passive decay, at least for the longer
delays. Such a process not only decreased the demands for suppression but also prevented the
unnecessary utilization of additional cognitive resources for the suppression of the irrelevant
activation, like in the random condition. To conclude one can say that if task requirements are
known in advance, temporal-overlap and activation-suppression may function in synchrony
to produce an optimal performance at minimum cognitive costs.
Apart from the shapes of the delta functions, a second important observation was
regarding their offsets. The offsets of delta functions in the random condition were shifted
downwards towards lower values compared to the blocked condition. This discrepancy was
explained as a consequence of robust gating in the random condition to meet uncertain task
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demands. Gating not only shifted the delta functions for latencies vertically downwards but
was also responsible for significantly fewer impulsive responses. These patterns of results
indicate that gating is not restricted to only being a micro-adjustment control mechanism
operating on a trial-by-trial basis, as it is generally perceived in literature. Rather, the results
shed light on the more “global and consistent” side of gating, which, for instance in the
random condition, controlled the influence of location globally to a larger extent due to high
and uncertain task requirements.
All in all, as much as the results from the current study support the existence and
individual beliefs of different conflict resolution mechanisms in the Simon paradigm, i.e.
passive decay, active suppression and gating, they also strongly indicate towards their cooccurrence to resolve conflict. The individual contribution of each of these mechanisms,
however, varies with respect to the amount of information available about the task.

5.3.2. Study 2
Results from Study 2 further consolidate gating and suppression as the most common
control mechanisms in the Simon paradigm, and show that it is not necessary to assume
additional control mechanisms to explain the modulations in the Simon effect. In this study,
the proportion of congruent trials (PC) was varied differently in three different experiments to
explore the underlying control mechanisms. A change in proportion congruency was
hypothesized to influence both gating and suppression, such that these control processes were
assumed to be more stringent in the LPC condition as compared to the HPC condition due to
an overall greater level of response conflict in LPC. Not only this, a change in PC also
produced unbalanced transition frequencies between congruent and incongruent trials which
were assumed to facilitate the strategic utilization of stimulus location to bias responses, as
such a processing strategy would lead to a larger proportion of correct responses at minimal
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expenditure of mental resources. To see which of these predictions were valid, corresponding
delta functions were inspected for both, the overall and the sequential data. The results
showed an expected larger Simon effect in the HPC condition than in the LPC condition. In
the first experiment, the shapes of the delta functions were similar for the two congruency
conditions and also in accordance with the activation-suppression hypothesis. The shapes
reflected an initial increase in the Simon effect before it hit asymptote and started declining.
The offset of the delta function, however, was significantly lower in the LPC condition than
in the HPC condition. As gating is believed to control the influence of location in the early
phase of selection, the shift of the delta function towards lower values reflected more
stringent gating in the LPC condition. While the difference in the offsets of the delta
functions continued to be large between HPC and LPC conditions in the second and the third
experiments, their shapes differed, unlike the first experiment where the shapes were similar.
While the function for the HPC condition gradually increased with RT, it was either almost
flat or gradually decreased with RT for the LPC condition, depending on the respective PC
manipulation.
The above pattern of delta functions show that the modulations in the Simon effect as
caused due to a change in PC can in fact purely be explained on the basis of gating and
suppression. While suppression was responsible for the characteristic shape of the delta
function, gating produced the shift in its offset. The catch, however, is that the current
explanation for the modulations in the Simon effect due to a change in PC differ from other
contemporary beliefs. It has been shown in many studies that the Simon effect tends to be
smaller in an experimental block containing a large number of incongruent trials than in a
block with a large number of congruent trials. Furthermore, in an experimental design with an
extremely large number of incongruent trials, the Simon effect has not only been shown to
disappear but also to become negative. The negative Simon effect has been explained through
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the strategic utilization of location to bias responses (Hasegawa & Takahashi, 2013) as
apparently suppression and gating alone cannot produce a negative Simon effect, unless of
course suppression of the irrelevant activation precedes response selection, which is not the
case in PC manipulated experiments. However, a strategic utilization of location to form
contralateral location-response associations in the LPC condition can explain the negative
Simon effect. Nevertheless, one cannot be sure of the utilization-bias account without
exploring the modulations in the Simon effect through delta functions. Note worthily, the
utilization-bias account has been held accountable for the negative Simon effect only on the
basis of the “mean” negative value, which is not sufficient to confirm or reject the validity of
this account. For a more detailed analysis, a clear inspection of delta functions becomes a
must. If one assumes the utilization bias account to be correct, then this process makes sense
only if it is faster than the usual stimulus-response translation along the indirect route. Thus,
it can be expected that the utilization of location should mainly affect responses in the
medium range of the delta function. However, the delta functions in the current study clearly
showed a “no negative” Simon effect for the medium range responses in the LPC condition,
but only for slow responses, which can easily be interpreted on the basis gating and
suppression acting in a well-synchronized manner. If there was any sign for the strategic
utilization of location, it should have produced a negative Simon effect for fast or at least for
the medium range responses, which was clearly absent from all three experiments. Moreover,
a generally higher suppression and gating in the LPC condition were similar to the random
condition from the first study. While in the random condition, task demands were raised due
to high uncertainty about the temporal delays between the irrelevant cue and the target, in the
LPC condition, task demands were high due to an overall greater response conflict. Though
differing in their sources, the high task demands also increased the amount of gating and
suppression in these conditions to meet an optimal task performance.

P a g e | 110

All in all, the results confirm suppression and gating as the most common control
mechanisms in the Simon paradigm and do not support the idea behind the strategic
utilization of location to account for the negative Simon effect, as has been recognized in
literature.

5.3.3. Study 3
Study 1 and 2 have quite clearly demonstrated the changes in the efficiency of
suppression and gating with respect to changes in task demands. For instance, higher task
demands in the random temporal delay condition in Study 1 or an overall smaller proportion
of congruent trials in the LPC conditions in Study 2, remarkably increased the efficiency of
suppression and gating to produce an optimal task performance. However, this raises the
question about whether these control mechanisms modulate performance only in relation to
non-optimal task requirements (e.g., high and low task demands), or if they influence
performance under regular task conditions as well. This was tested in the third study, where
the results show that the alleged control mechanisms can also facilitate performance under
optimal task conditions. In particular, the results demonstrate the adaptation of these
mechanisms on the fly, after stimulus onset, which is a relatively new finding in the field of
the Simon paradigm. The design of the experiment was such that it consisted a total of four
possible spatial locations for the target stimulus to appear: above and right to the fixation
(AR), above and left to the fixation (AL), below and right to the fixation (BR) and below and
left to the fixation (BL). While locations left and right were hypothesized to interfere with the
response selection (the response set was also left and right), above and below were acted
upon by fixed proportion manipulations with respect to the congruency of the trial. In half of
the experimental blocks, location “above the fixation” was associated with a larger proportion
of congruent trials (high proportion congruency condition, HPC), i.e. congruent trials
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appeared more frequently than incongruent trials, while in the other half of the blocks; it was
associated with a smaller proportion of congruent trials (low proportion congruency
condition, LPC). Importantly, the overall proportion of congruent to incongruent trials in a
given block was equal, and thus there were no unusual task demands like in Study 1 and 2.
Despite the optimal task demands, the Simon effect was found to be significantly
smaller in the LPC condition, which indicated towards differences in control mechanisms
between the two congruency conditions. It was conceived that participants actually used
above and below spatial locations as contextual cues on the fly, to adjust control mechanisms
online, such that control was more stringent in the LPC condition, thus producing a smaller
Simon effect. It can further be believed that the adjustment primarily occurred for gating,
such that participants gated the irrelevant location more in the LPC condition, or in other
words, their attentional selectivity for the relevant stimulus attribute increased in the LPC
condition. However, it’s not surprising if a higher perceived conflict also increased
suppression by certain amounts.
Another possible explanation for a smaller Simon effect in the LPC condition can be
based on the strategic utilization of location to bias responses. As much as the utilization-bias
account would predict the same results as gating, this process still involves a rather long
sequence of cognitive associations, which renders its activity quite implausible. For example,
using the spatial cue above or below to respond in the direction of stimulus location or away
from it, not only involves associating above and below cues with the trial’s congruency, but
also involves associating left and right locations with the response codes. Such a process is
expected to take more time than the current mean RT of 391 ms. Furthermore, the empirical
results from the Study 2 have already gone quite far at rejecting the notion of utilization-bias
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account, which also support gating as being responsible for the current differences in the
Simon effect between the LPC and the HPC conditions,
Another important finding based on current results is regarding the dual-role of
location in the Simon paradigm. The results show that despite the general irrelevance in the
paradigm, location could still be used as a contextual cue to modulate gating on the fly. All in
all these results further shed light on gating and suppression and show that these control
mechanisms need not rise in strength only in the face of high task demands. Rather, under
normal task conditions also, given enough scope and opportunity, these mechanisms can do
just as well to attain a high level of accuracy.
In a nutshell, results from the current work are a deep insight into the control
mechanisms involved in the Simon paradigm and they also go far at exposing some of their
new dimensions. While the first study reveals that the temporal-overlap and activationsuppression hypotheses may not always be exclusive of each other, as described in literature,
the second study largely rejects the idea of strategic utilization of location responsible for the
negative Simon effect. The third study unleashes the whole new approach of adaptation of
control mechanisms on the fly. Nevertheless, all the three studies, time and again, exhibit
gating and suppression to be the most common conflict resolution mechanisms in the Simon
paradigm, and also demonstrate that these mechanisms are not rigid in their activities, rather
they are adapting themselves continuously based on task requirements and available
information in order to meet high accuracy levels.

5.4. Relevance of cognitive control in daily life
The current work exhibits at least two most important control mechanisms serving to
reduce the amount of response conflict in the Simon paradigm: gating of irrelevant location
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and suppression of irrelevant response activation. The current work has shown these
mechanisms to be highly flexible in their modes of operation such that they adapt quickly to
the task requirements in order to produce an optimal performance. Such an adaptation is
highly necessary where the demands are continually changing. For example, a more stringent
gating and suppression are beneficial only when the amount of response conflict is high, like
an overall higher proportion of incongruent trials, but not in the reverse situation where their
over-involvement might essentially lead to a sub-optimal performance. Thus, a careful
understanding of task requirements is crucial for appropriate modulations in control
mechanisms.
As much as appropriate gating and suppression are important in the Simon paradigm,
they are also required in our daily lives to produce balanced behavioral actions. By a
balanced behavioral action is meant weighing all possible options carefully before executing
the final response. However, and as it may also sound like, weighing all the options before
acting, would certainly consume some time. Unfortunately, considering the lifestyle these
days, time or patience has become a rare virtue, as a result of which most of the times it is not
possible to wait and weigh the possible outcomes of an action, which consequently lead to
impulsive behavioral actions. Impulsivity, most of the time, is considered to be a bane than a
boon as it often leads to unwanted consequences. For example, crossing the street hastily
without looking on both the sides or at the yellow signal itself just to save those 2 minutes
might as well cost a person’s life. Such a situation can be considered analogous to an
incongruent condition in a regular Simon paradigm, where the urge to cross the street can be
compared to the irrelevant response activated by the stimulus location, while looking on both
the sides for traffic can be compared to the right response activated by the relevant stimulus
attribute. Given that the urge to cross the street is rather difficult to prevent, the situation can
be conceived similar to the Simon paradigm, where the activation by location is also difficult
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to prevent under normal circumstances and then the only way to resolve conflict is through
the active suppression of the irrelevant response. The street crossing example, thus, shows
that suppression, as a control measure, may not just be restricted for resolving conflict in
experimental paradigms, but is also an implicit requirement to fight conflict in certain areas
of daily lives. Another example demonstrating the failure of suppression is throwing away the
nail clipper along with the cut-nails in the waste basket. However, such an action can be
perceived to be the consequence of not just failed suppression but also of failed gating. A
successful gating would prevent a simultaneous processing of the nail clipper with the nails.
However, due to weak gating and suppression, the nail clipper might face the same fate as
that of the cut-nails. As gating is believed to be an early selection control mechanism, its role
should become more evident in situations which require an early processing intervention. For
example, minimizing the effect of surrounding distracters to facilitate the target processing,
requires an efficient gating of the distracter stimuli. Such a situation is met on a daily basis,
where a lack of appropriate gating may result in a wide range of consequences. Talking while
driving, reading or writing while listening to music or even cutting vegetables while watching
TV, are a few situations where a failure to gate the irrelevant activity might lead to
undesirable consequences.
The above few examples from our daily lives demonstrate the need for control
mechanisms for a balanced life. However, and as mentioned before, a perpetual activity of
these mechanisms can also prove to be disadvantageous. With respect to the Simon paradigm,
it refers to the congruent condition, where gating or suppressing the stimulus location actually
lengthens the reaction time for the right response. In other words, one can say that sometimes
it’s good to follow the impulse. The most common situation can be “fight and flight”
situation, where it’s wiser to act impulsively rather than wait and decide what to do. Fight and
flight response usually occurs in reaction to an imminent danger, like quickly shutting eyes to
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prevent a bug from entering into it, or stepping aside rapidly on spotting a snake, etc. In such
situations and similar, impulse is good!
All in all, it would not be too unrealistic to say that the whole course of the Simon
paradigm mirrors some of the real life scenarios, at least up to a certain extent, and the
control mechanisms involved at resolving conflict in the Simon paradigm also hold true for
resolving real life conflicts.
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