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Zusammenfassung
Konfligierende Handlungstendenzen begegnen uns täglich in unserem Leben und meist
können wir diese Konflikte ohne weitere Schwierigkeiten lösen. Um automatischen
Handlungstendenzen nicht immer nachzugehen benötigen wir kognitive Kontrollfunktionen
wie das Filtern irrelevanter Informationen und die Hemmung von bereits automatisch
aktivierten Handlungen. Wenn diese Funktionen nicht ausreichen um einen Handlungsimpuls
zu verhindern, können gefährliche Situationen entstehen, beispielsweise in einer schwierigen
Verkehrssituation.

Um

kognitive

Kontrolle

im

Labor

zu

untersuchen

wurden

Kongruenzparadigmen wie der Simon (Simon & Rudell, 1967), der Flanker (B. A. Eriksen &
Eriksen, 1974) und der Stroop Task (Stroop, 1935) entwickelt. Den Paradigmen ist gemein,
dass die präsentierten Reize jeweils zwei Dimensionen besitzen, eine aufgabenrelevante und
eine

aufgabenirrelevante

Dimension.

Während

die

Versuchspersonen

auf

die

aufgabenrelevante Dimension (z.B. die Farbe oder Form des Reizes) reagieren sollen, sollen
sie die aufgabenirrelevante Dimension nicht beachten. Die Schwierigkeit der Paradigmen
liegt jedoch darin, dass die aufgabenirrelevante Dimension automatisch eine Handlung
aktiviert. Die Kongruenzparadigmen scheinen sich zunächst zu ähneln. Die bisherige
Forschung hat jedoch gezeigt, dass sich die Paradigmen hinsichtlich der kognitiven
Kontrollprozesse, die jeweils zur Lösung der Aufgabe benötigt werden, unterscheiden.
Während das Filtern irrelevanter Informationen in allen drei Aufgaben relevant zu sein
scheint, wurde die Hemmung von aufgabenirrelevanter Handlung nur in einer speziellen
Version des Simon Tasks zuverlässig beobachtet. Diese Ergebnisse sprechen dafür, dass die
Hemmung von Handlungsimpulsen eher eine untergeordnete Rolle in der kognitiven
Kontrolle spielt, und dass sie unter Umständen auch in unserem täglichen Leben nur in
bestimmten Situationen relevant ist.

Die aktuelle Arbeit untersucht die Hemmung von Handlungsimpulsen in verschiedenen
Kongruenzparadigmen. In Studie 1 wird gezeigt, dass die Hemmung von Handlungsimpulsen
auch in zumindest einem weiteren Simon Task auftritt, womit Hemmung als Kontrollfunktion
von Handlungsimpulsen an Bedeutung gewinnt. Studie 2 demonstriert, dass die Hemmung
von Handlungstendenzen auch im Flanker Task existiert. Des Weiteren zeigt die Studie den
Zusammenhang des Auftretens von Hemmung von Handlungstendenzen mit dem zeitlichen
Abstand von der Darbietung aufgabenrelevanter und aufgabenirrelevanter Information auf.
Die Hemmung von Handlungsimpulsen ist umso stärker, je früher die aufgabenirrelevante
Information gegeben wird. In Studie 3 wird untersucht weshalb Hemmung im Flanker Task
nicht auftritt, wenn die handlungsrelevante und die handlungsirrelevante Informationen
gleichzeitig präsentiert werden. Die Studienergebnisse sprechen dafür, dass die separate
Hemmung des Handlungsimpulses, der durch die aufgabenirrelevante Information
hervorgerufen wird, nicht möglich ist, so lange die aufgabenrelevante Information gleichzeitig
automatisch einen Handlungsimpuls generiert, weil die Probanden zwischen beiden
Handlungsimpulsen nicht unterscheiden können. Zusammengenommen sprechen die
Ergebnisse dieser Arbeit dafür, dass die Hemmung von Handlungsimpulsen ein wichtiger
kognitiver Kontrollprozess ist, der höchstwahrscheinlich auch in unserem täglichen Leben
eine hohe Relevanz hat.

Summary
We deal with conflict response tendencies on a daily basis and succeed to resolve this
conflict most of the times. When we fail, however, this can result in dangerous situations, for
instance driving a car in a difficult traffic situation. Cognitive control processes, such as the
filtering of irrelevant information and the suppression of irrelevant response activations are
needed to overcome impulsive responses. To investigate cognitive control processes in the
lab, congruency paradigms such as the Simon (Simon & Rudell, 1967), the Eriksen flanker
(B. A. Eriksen & Eriksen, 1974), and the Stroop task (Stroop, 1935) have been developed.
What these paradigms have in common is the presence of two stimulus dimensions, one
which is relevant to the task and the other which is task irrelevant. While the participant is
supposed to respond to the relevant stimulus dimension, for instance the color or shape of the
stimulus, he or she has to ignore the task irrelevant stimulus dimension. However, the
difficulty in the tasks is that the irrelevant dimension also corresponds to a response, and thus,
a response selection conflict arises. Interestingly, albeit the similarities between the tasks,
previous research has provided evidence that the involved cognitive control processes differ
between the tasks. Whereas filtering of the irrelevant stimulus dimension seems to be relevant
in all tasks, suppression of irrelevant response activation is usually observed in one particular
version of the Simon task only. This raises the question of how important the suppression of
irrelevant activation is in our daily lives.
The current work investigates suppression of irrelevant activation in different
congruency paradigms. Study 1 demonstrates that suppression of irrelevant activation occurs
at least in one more version of the Simon task, and thus, broadens the relevance of
suppression of irrelevant activation. The second study indicates that suppression of irrelevant
activation can also occur in the flanker task. Further it reveals the dependency of suppression
of irrelevant activation on the timing of the presentation of the task relevant and the task

irrelevant information. Suppression of irrelevant activation increases when the task irrelevant
information is provided earlier. In Study 3 it is examined why suppression of irrelevant
activation is hardly present in the flanker task when task relevant and task irrelevant
information are provided simultaneously. The results show that participants cannot
differentiate between the automatic response activation driven by the target and by the flanker
easily, and thus, cannot selectively suppress the irrelevant activation. Together, the results of
the studies demonstrate that suppression of irrelevant activation is a useful cognitive control
process that is most likely highly relevant and often used in our daily lives.
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The selection of an appropriate response is important in our everyday lives and many
humans succeed in this task without any difficulty. A possible example is the urge to pick up
one’s phone when it is ringing. Although this is usually a common reaction, this action can be
highly inappropriate in some settings, for instance, while driving a car in a dangerous traffic
situation. In this situation it can be important that the attention is not caught by the phone but
is constantly directed towards the traffic situation; i.e., the information that the phone is
ringing would ideally be filtered very early during perceptual processes and would not be
further processed. If this process should fail, however, possibly when the ringtone is very
loud, one has to overcome the automatized response to pick up the phone and to redirect one’s
attention towards the traffic situation. Filtering of currently unimportant information and the
suppression of disturbing response activations are important cognitive control mechanisms
which ensure that an appropriate response can be selected.

1.1

Congruency paradigms
Congruency paradigm experiments that induce a response selection conflict are often

used in cognitive psychology to investigate cognitive control. The Simon (Simon, 1969; see
Lu & Proctor, 1995 for a review), the Eriksen flanker (B. A. Eriksen & Eriksen, 1974; see C.
W. Eriksen, 1995 for a review), and the Stroop task (Stroop, 1935; see MacLeod, 1991 for a
review) are three prominent examples of congruency paradigms. In these tasks, participants
are supposed to respond with one out of two responses towards a two-dimensional stimulus.
Only one of the stimulus dimensions is relevant to the task, however. This task relevant
dimension is a feature of the stimulus, e.g., its color or shape, and the participant is supposed
to respond to that feature with one out of two responses. The second dimension of the
stimulus is not relevant to the task. It, however, corresponds to a response and hence activates
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this response automatically to some degree (e.g., Hübner, Steinhauser, & Lehle, 2010;
Kornblum, Hasbroucq, & Osman, 1990; Ridderinkhof, 1997).
In the Stroop task, for instance, the participant is usually supposed to respond to the
color of a written word with a left or a right button press, e.g., the participant is supposed to
press a left button when the word is written in red and with a right button when the word is
written in green. In the original version of the Stroop task (Stroop, 1935) and also in later
experiments (e.g., Klein, 1964), the participants were supposed to name the color of the word
verbally. The task irrelevant dimension is the meaning of the written word, which is a colorword (e.g., the word red). Although the participant is supposed to respond to the color of the
word, he or she cannot avoid reading the color-word (e.g., Steinhauser & Hübner, 2009;
Stroop, 1935), and thus, the color-word is activating the corresponding response to some
extent.
1.1.1 The congruency effect and cognitive control
When the task relevant dimension and the task irrelevant dimension correspond to the
same response, the trial is congruent. Participants benefit from the automatic response
activation through the task irrelevant stimulus dimension (irrelevant activation) and they can
respond faster and more accurate. On incongruent trials, when both dimensions correspond to
opposite responses, participants have to overcome the irrelevant activation and focus on the
relevant stimulus dimension, which causes a cost in the participants’ response times (RT) and
accuracy. The difference in RT and accuracy between congruent and incongruent trials is
called as the congruency effect and it is an indicator of the size of the response selection
conflict.
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To overcome the response selection conflict, cognitive control is needed. Participants
have to focus on the task relevant stimulus dimension and to ignore the task irrelevant
stimulus dimension. Interestingly, although the congruency paradigms are very similar to
each other, they seem to differ stark in how cognitive control is applied in order to overcome
the response selection conflict. Therefore, it is an interesting question which cognitive control
process is needed in which task and further, what this could mean in relation to our daily
lives. It is, therefore, the goal of the current work to investigate one important cognitive
control mechanism, the suppression of irrelevant activation, in two different congruency
paradigms, the Simon and the flanker task.

1.2

The Eriksen flanker task
In the flanker task (e.g., B. A. Eriksen & Eriksen, 1974), the participants are usually

supposed to respond to one centrally presented target, which is flanked by at least two more
stimuli, the flankers. The task is to respond to a feature of the target, the task relevant stimulus
dimension, with one out of two responses. Often the target is a letter (e.g., an “H” or an “S”)
or an arrow, pointing to the left or to the right, which requires a left or a right button response.
The difficulty in this task is that the flankers, which represent the task irrelevant stimulus
dimension, are a part of the stimulus-response (S-R) mapping, and thus, can activate the
corresponding response just as well as the target stimulus. E.g., the participant is supposed to
respond to a left facing arrow with a left button press and to a right facing arrow with a right
button press. The target arrow is then flanked by two or more arrows, which are also facing to
the left or to the right. When all arrows are facing in the same direction, the trial is congruent
(see Figure 1-1, middle panel). It is incongruent, when the flanker arrows are facing in the
opposite direction as the target (see Figure 1-1, lower panel). Participants respond faster and
more accurate on congruent than on incongruent trials (e.g., B. A. Eriksen & Eriksen, 1974).
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Sometimes, also neutral trials are included in the task (see Figure 1-1, upper panel), i.e., the
flankers are not part of the S-R mapping, and thus, do not correspond to any response.

Figure 1-1: Three different conditions of the flanker task are depicted, reprinted from Drueke,
Boecker, Mainz, Gauggel, and Mungard (2012): Neutral trial (upper panel), congruent trial (middle
panel), and incongruent trial (lower panel).

1.3

Models to explain the congruency effect in the flanker task
During the early days of cognitive science on attention, there was a long-lasting debate

about the time when selection of a stimulus occurs, at an early or at a late stage (e.g.,
Broadbent, 1958; Deutsch & Deutsch, 1963; Deutsch, Deutsch, Lindsay, & Treisman, 1967;
Treisman, 1960, 1969). The occurrence of the congruency effect in the flanker task, and also
in the Stroop task were often used as an indicator that all stimuli are processed to some extent
before the correct stimulus is selected (C. W. Eriksen & Schultz, 1979; Klein, 1964), as
predicted by late selection theories (e.g., Deutsch & Deutsch, 1963). The congruency effect
shows that all stimuli are processed to some extent which is not in line with strict early
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selection models that stated that a stimulus cannot be identified before it is selected and
brought into the focus of attention (e.g., Broadbent, 1958).
1.3.1 Locus of selective attention
A study by Yantis and Johnston (1990) demonstrated, nonetheless, that also in the
flanker task selection is possible at an early stage. The authors suggested a model assuming
parallel processing of all stimuli at the beginning of stimulus processing, with a variable locus
of selective attention. Whether selective attention occurs at an early or a late locus of
processing depends on the task demands. Thus, the model can account for experimental
results demonstrating early (e.g., Treisman, 1960; Yantis & Johnston, 1990), as well as late
attentional selection (e.g., Klein, 1964).
Lavie (1995) investigated the locus of selection in more detail, using two different types
of flanker paradigms: selective set and filtering paradigms. Kahneman and Treisman (1984)
differentiated between the two paradigms and suggested that the paradigms determine when
selection occurs, at an early or a late stage of stimulus processing. In the earlier studies on
attention, supporting the early selection hypotheses, mostly filtering paradigms were used
(e.g., Cherry, 1953; Treisman & Geffen, 1967). In these tasks, the task relevant information is
presented along with an overload of irrelevant information. Lavie (1995) suggested that many
presented stimuli can be processed in parallel, when a capacity limit is exceeded, though;
selection is required and occurs at an early processing stage. This capacity limit was
supposedly reached in the filtering paradigms of the studies supporting early selection
hypotheses. According to Lavie (1995), the filtering and the selective set paradigms differ in
their perceptual load. In the filtering paradigms, when a lot of irrelevant information is
presented along with the task relevant information, the perceptual load is relatively high, and
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thus, selection occurs at an early stage. In selective set paradigms, the task relevant
information is presented along with only little task irrelevant information. For example, in
typical flanker paradigms, the target is presented along with two or four flankers; i.e., only
three or five letters are presented in parallel. The few stimuli in selective set paradigms give a
low perceptual load and can usually be processed in parallel. Thus, selection of task relevant
information at an early stage is not necessary for stimulus processing, and so, occurs at a late
stage.
Lavie (1995) demonstrated in her study that the locus of selection indeed depends on
the paradigm. She showed that selection occurs at an early stage only in filtering paradigms.
In selective set paradigms, similar to typical flanker paradigms, all stimuli are processed to
some extent and the task relevant information is selected at a later stage. According to Lavie
(1995), both early and late selection are the same attentional mechanism, which allocates
resources for information processing and, when the capacity limit is reached (i.e., when the
perceptual load is high), only the relevant information is further processed. In line with Yantis
and Johnston (1990), Lavie (1995) suggests that selective attention is not selecting one item at
a time, but rather prioritizes the relevant information and, when the capacity limit is reached,
only the task relevant information is processed. The theory of Lavie (1995) nicely predicts a
congruency effect in mean response times in the flanker task. It does not specify how the
participant’s performance is changing with time, though.
1.3.2 Changes in accuracy with time
Not surprisingly, the participants’ performance in the flanker task decreases with the
speed of their response, i.e., they respond more accurately when they respond slowly, than
when they respond relatively fast (Gratton, Coles, Sirevaag, Eriksen, & Donchin, 1988;
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Hübner, et al., 2010; Ridderinkhof, van der Molen, & Bashore, 1995). Different types of
models were developed to explain this effect.
Single process models assume a gradual improvement of spatial attention with time
(e.g., C. W. Eriksen & Schultz, 1979; C. W. Eriksen & St. James, 1986; White, Ratcliff, &
Starns, 2011). They assume a focus of visual attention, similar to a perceptual filter that is
focused on the target. Metaphors as the attentional spotlight have been used to describe such a
visual filtering process and it is assumed that stimulus processing is improved in the spotlight
of attention. Later, a zoom lens metaphor was preferred to better account for the flexibility of
the size of the spotlight (C. W. Eriksen & St. James, 1986).
The idea that a perceptual filter is adopted in the flanker task to improve the
performance of stimulus processing is widely accepted. How fast the perceptual filter can
change its size is an unresolved question, however. White, et al. (2011) developed a formal
model which assumes that the filtering process can be constantly improved within one trial.
I.e., the filter is narrowing down on the target with time, similar to a zoom lens. Thus the
model predicts a constant improvement in accuracy with the speed of the response.
There are other models, however, assuming more than one process, to account for the
increase in accuracy with time. One example are models assuming two phases of selective
attention, an early and unselective phase, and a late and selective phase (Coles, Gratton,
Bashore, Eriksen, & Donchin, 1985; Gratton, Coles, & Donchin, 1992). In earlier studies, it
was assumed that the early phase is completely unselective (Coles, et al., 1985; Gratton, et al.,
1988). This was contradicted by the results of later studies, which showed that at least some
selection already occurs at an early stage of stimulus processing (e.g., Gratton, et al., 1992).
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Figure 1-2: The dual-route model, reprinted from Ridderinkhof, et al. (1995). T represents the target
and F represents the flankers. R stands for the response. Two routes from perception to action are
depicted: the fast and automatic route above and the slow deliberate response selection route below.

1.3.3 Dual-route models
Another important class of models that can account for the fast and erroneous responses
are dual-route models (e.g., Kornblum, et al., 1990; Ridderinkhof, et al., 1995; Ulrich,
Schröter, Leuthold, & Birngruber, 2015). The models assume two routes from perception to
action, a fast and automatic route and a slow and controlled processing route (see Figure 1-2).
The automatic route is sensitive to all presented stimuli and automatically processes them.
This leads to fast, but noisy automatic response activation, i.e., all stimuli can activate a
response to some extent. The slow and controlled processing route selects the target and
translates the stimulus into the correct response according to the S-R mapping. This deliberate
response selection process is highly precise and activates the correct response in most of the
times. The two processes run in parallel, the automatic route is faster, however. The fast
automatic route thus results in early and erroneous responses and the slow responses are
mainly driven by the deliberate response selection process, resulting in slow and highly
accurate responses. When both target and flankers are referring to the same response, the
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automatic activation facilitates the response. When target and flankers are referring to
opposite responses, though, a response selection conflict occurs and the RT increases.
1.3.4 The dual-stage two-phase model
Hübner and colleagues (Dambacher & Hübner, 2015; Hübner, et al., 2010; Hübner &
Töbel, 2012) developed a dual-stage two-phase (DSTP) model that integrates former models,
the variable locus, the two phase, and the dual-route models, into one account. The DSTP
model assumes two stages of stimulus selection, an early and a late stage. The early stimulus
selection stage is fast and sensitive to all stimuli. The amount of information that is received
from target and flankers can be adjusted to some extent via filtering, however. According to
the DSTP model, the filter is flexible in size, but is assumed to be approximately constant in
one condition. I.e., in contrast to the model of White, et al. (2011), the filter is relatively
constant within one condition and not improving within a trial with time. It differs between
different experimental conditions, however.
After the early stage of stimulus selection, the target is processed further and is
identified and categorized in the late stage of stimulus selection. The late stage of stimulus
selection is slower than the early stage, but highly accurate. The assumption of an early and a
late stage of stimulus selection is also similar to the two-phase models (e.g., Gratton, et al.,
1992), which assume an early unselective phase and a late selective phase of stimulus
selection. The DSTP model further assumes that the late selection process is variable in its
processing speed, and thus, reflects the idea of a variable locus of selective attention. I.e.,
when the late selection process is finished quickly, the locus of selective attention is early.
The DSTP model does not reflect the idea that early and late selection are part of one process,
however.
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According to the DSTP model, both stages of stimulus selection can activate a response.
Therefore, two phases of response selection, a first and a second phase, are differentiated. The
first phase of response selection is solely driven by the outcome of the early selection stage
(see Figure 1-3 a). Thus, the first response phase can drive fast responses, at the cost of
accuracy, as the output of early stimulus selection is influenced by the target and the flankers.
A strong perceptual filter can strengthen the information received from the target and can thus
increase the accuracy of these fast responses (Hübner, et al., 2010). The early phase of
response selection is similar to the fast and automatic route in the dual-route models.

Figure 1-3: The two phases of response selection of the dual-stage two-phase model, reprinted from
(Hübner, et al., 2010). Panel a) depicts the first and panel b) depicts the second phase of response
selection.
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The second phase of response selection relies on the outcome of the late selection stage
(see Figure 1-3 b). Due to the high accuracy of the late selection process, the second phase of
response selection usually depicts the correct response. As the late stimulus selection process
must be completed before it can transfer the information to the second phase of response
selection, the second response phase can drive relatively slow responses only. The late
selection stage and the second response selection phase together are comparable to the
deliberate response selection process of the dual-route models.
Despite their similarities, there is difference between the dual-route models and the
DSTP model. The DSTP model claims that, when the late stimulus selection process is
completed, the second response selection phase is started and that no further influence of the
early selection process is transmitted to the response selection process. In dual-route models,
there is no such abrupt stop of information transfer from the automatic process to the response
selection process specified. The stop of the transfer of information from the early selection
process does not mean that it has no further influence on the response, however. The DSTP
model claims that the information of early stimulus selection drives response selection until
the late stimulus selection process is completed. Thus, a response has already been activated
to some extent (i.e., when it has not already been executed), when the second phase of
response selection has started. The starting point of the second response selection phase is
thus determined by the first phase of response selection, i.e., a left or a right response could be
already activated to some extent. This way, sometimes also relatively late errors can occur,
when a response has strongly been activated by early stimulus selection, before the late
stimulus selection phase was completed.
The DSTP model embraces former models into one account and is therefore most
flexible. Its further advantage is (similar to the model of White, et al., 2011) that it is a formal
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model. Therefore, it is precisely described and can be tested on empirical data. Comparisons
between the single-process model of White, et al. (2011) and the DSTP model in the flanker
task support the DSTP model (Hübner & Töbel, 2012; Servant, Montagnini, & Burle, 2014)
and the results, thus, suggest that the perceptual decision process in the flanker task is not a
single process that improves with time, but rather a result of two selection processes, early
and late selection. The flexibility of the DSTP model makes it possible to apply it to other
tasks than the flanker task (e.g., Hübner, 2014). It fails, however, to fit the Simon task
(Servant, et al., 2014). This is somewhat surprising as both tasks are very similar in theory,
and thus, it seems as if the attentional processes in the Simon task differ from those in the
flanker task.

1.4

The Simon task
In the visual version of the Simon task (e.g., Böckler, Alpay, & Stürmer, 2011; see

Hommel, 2011 for an overview) the participant is supposed to respond to a feature of the
stimulus, for instance its color or shape. The stimulus is not presented centrally on a screen,
but is either shifted to the left or to the right (see Figure 1-4). The location of the stimulus is
its task irrelevant dimension which has to be ignored by the participant. Similar to the flanker
task, however, the task irrelevant stimulus dimension cannot be ignored completely and leads
to some response activation. Thus, a response selection conflict arises when both stimulus
dimensions refer to opposite responses, resulting in an increase of RT and a decrease in
accuracy. Again, RTs are facilitated and accuracy increases when both stimulus dimension
refer to the same response. The resulting congruency effect is often called as the Simon effect.
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Figure 1-4: Examples of stimuli in the Simon task, reprinted from Colzato, de Bruijn, and Hommel
(2012). The participant is supposed to respond to the green color with a right button press and to the
blue color with a left button press. Visuals on the upper side represent congruent trials and those on
the lower side represent incongruent trials.

Comparable to the flanker task, also in the Simon task, fast responses are highly error
prone and slow responses are relatively accurate (e.g., Hübner & Mishra, 2013) and again
dual-route models have been developed to explain the Simon effect in the Simon task (e.g.,
De Jong, Liang, & Lauber, 1994; Kornblum, et al., 1990; Ridderinkhof, 1997; Ulrich, et al.,
2015). Equivalent to the dual-route models explaining the congruency effect in the flanker
task, a fast and automatic route and a deliberate response selection route from perception to
action are assumed. Some of them have also been developed for the Simon and the flanker
task (e.g., Kornblum, et al., 1990; Ulrich, et al., 2015). Again, the automatic route causes fast
and error prone responses on incongruent trials and fast correct responses on congruent trials.
The slow responses are mainly driven by the deliberate response selection process and are,
thus, more accurate.
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Despite the similarities of the Simon and the flanker task in mean RT and accuracy, the
tasks seem to differ stark when comparing them using distributional analyses (e.g., Servant, et
al., 2014; Ulrich, et al., 2015). This difference might question the idea that both tasks can be
explained within the same model framework.

1.5

Distributional analyses
When merely comparing mean RT and accuracy between different conditions, a lot of

information might get lost. Beyond such rather simple analyses, distributional analyses can
reveal how the size of the effect changes with the speed of the response. Therefore, different
approaches have been developed to investigate changes in the effect size with time. A good
estimate of the group cumulative distribution function (CDF) for the latencies of correct
responses can be gathered by the process of vincentizing. In order to receive the CDFs, the
RT for each participant and each condition (for instance, congruent and incongruent trials) of
the experiment must be sorted from fastest to slowest responses, which are then separated into
equally sized bins (e.g., quintiles). Afterwards, the mean for each bin must be calculated for
each participant separately. The average RT across participants for each bin generates the
group distribution function or CDF (see Ratcliff, 1979 for a detailed introduction).
In order to gain information about changes in accuracy across time, the calculation of
conditional accuracy functions (CAF) is necessary. Equivalent to the calculation of the
distribution function, also the accuracy values can be separated into bins, sorted by the speed
of their respective response, separately, for each participant and each experiment condition.
Now, the mean RT and the mean error rate must be calculated for each bin and participant.
Then again, the mean RT and error rate for each bin can be calculated across participants for
each condition, respectively. In the CAFs, the accuracy of each bin is plotted against the mean
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RT of the bins. In Figure 1-5, an example is given on how speed (left panel) and accuracy
instructions (right panel) can change the occurrence of fast errors in a flanker task, and
therefore, change the CAF.

Figure 1-5: Examples of two CAFs of a flanker task reprinted from van den Wildenberg et al. (2010).
Data show the influence of speed (left panel) vs. accuracy instructions (right panel) in a flanker task on
the occurrence of fast errors.

The CAFs and the CDFs still look relatively similar in the Simon and in the flanker
task. The tasks differ drastically, however, when calculating the delta functions from the
CAFs and the CDFs, respectively.
1.5.1 Delta functions
De Jong et al. (1994) introduced a method that demonstrates how an effect size changes
with time: the delta function for the latencies of correct response (delta function for RT). In
the flanker task, for instance, the delta function for RT can be gained when subtracting each
bin of the group CDF of the congruent condition from the corresponding bin of the
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incongruent condition, respectively. Thus, the size of the congruency effect is gained for each
bin separately. In order to plot the changes of the effect size against the speed of the response,
the mean RT for each bin must be calculated across the conditions. Then, in order to obtain
the delta function, the congruency effect of each bin is plotted against its respective mean RT.
See Figure 1-6 for an example of two delta functions of the flanker task in a Parkinson disease
patients group and a healthy control group (Wylie et al., 2009). The figure demonstrates how
useful delta functions are, for comparisons between groups. It shows that the congruency
effect is increasing with time in both groups, but the slope of the delta function for RT of the
patients group is larger than in that of the healthy control group.

Figure 1-6: Examples of two delta functions reprinted from Wylie, et al. (2009). The functions reveal
differences between a Parkinson disease patients group (filled squares) and a healthy control group
(empty squares).

Delta functions can also be calculated from the CAFs to reveal changes in the effect size
in the error rates. For these delta functions for accuracy, the effect size is calculated for the
error rates for each bin from the CAFs, analogues to the calculation of the effect size for the
RT. Also the mean RT is calculated from the CAFs from each bin. To plot the delta functions
for accuracy, again the effect size for each bin is plotted against its respective mean RT.
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Similar analyses can be calculated using the error rate, instead of the accuracy value. As the
accuracy value is equivalent to 100 % - error rate (in percent), the delta function for accuracy
received from the error rates is a horizontally mirrored delta function for accuracy which has
been calculated from the accuracy values. In the current thesis, the delta functions for
accuracy are calculated using the error rates instead of the accuracy values.

Figure 1-7: Two ideal examples of potential effects in the delta functions for accuracy, reprinted from
Ridderinkhof, Scheres, Oosterlaan, and Sergeant (2005). The larger congruency effect in the first
quintile of the AD/HD as compared to the control group would indicate stronger direct response
activation. The depicted delta function is based on theoretical accuracy values, resulting in a negative
congruency effect.

In congruency paradigms, the delta functions for accuracy are usually converging
towards zero with slow response times, as the slow responses are usually highly accurate, the
congruency effect vanishes. The delta functions for accuracy can reveal how strong automatic
response activation is in the respective condition. Figure 1-7 shows two ideal examples of
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delta functions in a theoretical congruency paradigm (Ridderinkhof, et al., 2005). The larger
congruency effect in the first quintile of the theoretical attention-deficit/hyperactivity disorder
(AD/HD) group would indicate stronger direct response activation than in the control group
(Ridderinkhof, 2002b; Ridderinkhof, et al., 2005).
1.5.2 Mean RT, variance, and their impact on delta functions
The shape of the delta functions is determined by the shape of their respective
distribution functions (e.g., Pratte, Rouder, Morey, & Feng, 2010; Speckman, Rouder, Morey,
& Pratte, 2008). In Figure 1-8, the influence of mean RT and variance of a distribution
function of theoretic congruency paradigms on the shape of the delta function are depicted
(Pratte, et al., 2010). Panel C shows the resulting delta function when both distribution
functions differ in their mean RT only and not in their variance; with a larger mean RT in the
incongruent than in the congruent condition. The resulting delta function (panel D) is a flat
line, i.e., the effect size is not changing with the speed of the response.
When the variance of the distribution function of the incongruent condition is larger
than that of the congruent condition (panel A), again with a smaller mean RT for the
congruent than for the incongruent condition, the resulting delta function is constantly
increasing (panel B). The difference of the RT between the bins is constantly growing. This is
demonstrated in the panels A and B via the black dots and the white squares: The black dots
represent the 10th percentile in both distribution functions (panel A) and their respective
difference in the delta function of panel C. The white squares represent the equivalent for the
65th percentile. Whereas the early percentile are relatively similar regarding their RT, the
difference is growing with time and in the later percentile the difference in RT is, hence,
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much larger. Conclusively, the congruency effect is increasing with time, as the
corresponding delta function demonstrates.
In panel E, the congruency effect is again larger in the incongruent condition. The
variance is, however, now smaller in the incongruent condition than in the congruent
condition. The resulting delta function has a negative slope and the congruency effect even
reverses with slow RT. The slope of the delta function is mainly determined by the variance
of the respective density functions, and not by the mean difference in RT between congruent
and incongruent trials.
According to the law of Wagenmakers and Brown, the mean RT and the variance of
distribution functions are positively correlated (Wagenmakers & Brown, 2007; see also
Wagenmakers, Grasman, & Molenaar, 2005). I.e., with increasing mean RT, also the variance
of the corresponding distribution function should increase. Regarding distribution functions of
congruency paradigms one would conclusively expect that the variance of the distribution
function for incongruent trials is larger than the variance of the function for congruent trials,
as the mean RT is usually larger on incongruent trials. The resulting delta function should
therefore increase constantly (as it is shown in Figure 1-8, B). Indeed, in the flanker (see for
example Figure 1-6) and in the Stroop task increasing delta functions have usually been
reported (e.g., Bub, Masson, & Lalonde, 2006; Pratte, et al., 2010; Speckman, et al., 2008;
Wylie, et al., 2009).
In contrast, declining delta functions are often observed in the Simon task (e.g., De
Jong, et al., 1994; Pratte, et al., 2010; Ridderinkhof, 2002b; Speckman, et al., 2008). To
account for this violation of the law of Wagenmakers and Brown, dual-route models have
been further developed.
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Figure 1-8: Three different possible distribution functions (left panels) for congruent (straight line)
and incongruent trials (dashed line) and their resulting delta functions (right panels) are depicted
(reprinted from Pratte, et al., 2010).
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Declining delta functions in the Simon task
Currently, there are two plausible explanations for the declining delta functions in the

Simon task. First, it has been assumed that the irrelevant activation is decaying passively after
a short time interval, and thus, the congruency effect vanishes with time (e.g., Hommel,
1994). Second, an active process, the suppression of the irrelevant activation, has been
assumed that reduces the influence of the irrelevant stimulus dimension (e.g., De Jong, et al.,
1994; Ridderinkhof, 2002a). Both ideas have in common, that the automatic activation
decreases again, quickly. The suppression-account assumes a strategic selective inhibition of
the irrelevant activation, however, whereas the passive decay account assumes an automatic
process that is naturally following the automatic response activation (Hommel, 1994; see Lu
& Proctor, 1995 for a review).
1.6.1 The activation-suppression model
The activation-suppression model (e.g., Ridderinkhof, 2002a; Ridderinkhof, et al.,
2005) is a dual-route model and accordingly assumes two routes from perception to action:
automatic response priming through the task irrelevant dimension and a deliberate response
selection process that translates the target relevant stimulus information according to the S-R
mapping into the correct response. Additionally, it assumes an inhibitory process that
selectively suppresses the irrelevant activation by the irrelevant stimulus dimension
(Ridderinkhof, 2002a; Ridderinkhof, Forstmann, Wylie, Burle, & van den Wildenberg, 2011;
Ridderinkhof, et al., 2005; but see also De Jong, et al., 1994). In Figure 1-9, the model is
demonstrated using the example of an incongruent trial in a Simon task (van den Wildenberg,
et al., 2010). The participant is supposed to respond to the color of the stimulus and the
deliberate response selection process is represented by the blue bar. The bar is white in the
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beginning and turns into light blue, representing the relatively slowly increasing response
activation through the deliberate response selection process. The automatic route from
perception to action is represented by the red bar. The bar is again first white, then quickly
turns red and then white again. The red color represents the amount of automatic response
activation through the location of the stimulus. After the response has been activated
automatically, it is increasingly suppressed which is represented by the arrows (which are
increasing in size) pointing down on the red bar. The reduction of the automatic response
activation is represented by the decrease of the red color.

Figure 1-9: The activation-suppression model, reprinted from van den Wildenberg, et al. (2010). The
blue bar represents the automatic and the red bar the deliberate response selection route from
perception to action. The amount of response activation along the routes is represented by the
respective color of the bar. The suppression of irrelevant activation is represented by the arrows
pointing down on the automatic route of response activation.

The model assumes that the impact of irrelevant activation varies with the speed of the
deliberate response selection process, which in turn varies with the task and also on a trial to
trial basis. When the deliberate response selection process is finished relatively fast, then
possibly a response can be selected before the irrelevant activation has a strong impact on the
response. On the other hand, if response selection takes relatively more time, then the
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irrelevant activation has time to increase in strength and, as a result, has a strong impact on
especially fast response selection as suppression needs some time to build up (Ridderinkhof,
2002b; Ridderinkhof, et al., 2005). The difference in the timing of the deliberate response
selection process is referred to as the activation-variability premise (Ridderinkhof, 2002b;
Ridderinkhof, et al., 2005).
The moment when suppression of irrelevant activation starts to build up also depends on
the onset of the irrelevant activation, as it only builds up after a response has already been
activated to some extent. Suppression of irrelevant activation is supposed to vary further in its
strength, its build-up rate, and its onset, depending on task demands, on trial-by-trial
variability, as well as on personal traits or abilities. This is referred to the suppressionvariability premise. Its strength and its onset can be investigated using delta function
analyses. The smaller the slope of the delta functions, the stronger is the suppression of
irrelevant activation and the earlier a function starts to decline, or differs in its slope from
another delta function, the earlier is the onset of the suppression of irrelevant activation.
Sustained suppression of irrelevant activation can result in a disadvantage on congruent
as compared to incongruent trials (Burle, Possamaï, Vidal, Bonnet, & Hasbroucq, 2002;
Burle, Spieser, Servant, & Hasbroucq, 2013; Pratte, et al., 2010). On congruent trials, the task
irrelevant stimulus dimension refers to the same response as the task relevant dimension.
Thus, when suppression of irrelevant activation builds up, the correct response is increasingly
suppressed, making it more difficult to execute the correct response with sustained
suppression. On incongruent trials, merely the incorrect response is suppressed, improving the
correct response selection. As a result, with long RT, it becomes increasingly difficult on
congruent trials to select the correct response, whereas on incongruent trials, response

General introduction

35

selection is improved. This can even result in a reversal of the congruency effect with slow
responses (Burle, et al., 2002; Burle, et al., 2013; Pratte, et al., 2010).
1.6.2 Passive decay or activation-suppression?
Clinical studies have shown that suppression of irrelevant activation is often impaired in
patients as compared to healthy control groups (e.g., Ridderinkhof, et al., 2005; Wylie et al.,
2012; Wylie, Claassen, Kanoff, Ridderinkhof, & van den Wildenberg, 2013; Wylie,
Ridderinkhof, Eckerle, & Manning, 2007). The differences in suppression of irrelevant
activation between patients and healthy control groups seem to support the idea that
differences between the slopes of delta functions reflect differences in the amount of
suppression of the irrelevant activation. However, as Ulrich, et al. (2015) pointed out, “these
apparent variations in delta functions may be attributed to person-related changes in the timecourse of either task-irrelevant (automatic) activation, task-relevant (controlled) activation, or
both”. The reversal of the congruency effect with slow RT, however, is a little more difficult
to explain in the exclusively framework of a passive decay hypothesis. Nevertheless, as
Ulrich, et al. (2015) argued, the same pattern could be explained with a passive decay when
we assume that the activity in the brain regions after automatic response activation not only
results in a decay of that activity, but also in an undershoot after activation, i.e., a refractory
period after activation in which the neurons cannot be activated again quickly. Such an
undershoot after activation has been shown on neuronal levels, but also for complex brain
mechanisms (Grossberg & Gutowski, 1987). Thus, a passive decay account seems sufficient
enough to explain the reported patterns in literature.
Nonetheless, it further has been shown that the slope of a delta function is more
negative following an error trial and on partial error trials (Burle, et al., 2002; Burle, et al.,
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2013). Also, in the results of Burle, et al. (2002) a reversed congruency effect of nearly 45 ms
was reported in the slowest RT quintile following an error trial. The reversed congruency
effect was stronger than the positive congruency effect reported in the same task. It seems
unlikely that an undershoot following an activation would be stronger than the activation
itself. Further, it has been reported that the slope of delta functions varies depending on a
randomized or blocked presentation of the same task conditions, suggesting a strategic
application of suppression (Hübner & Mishra, 2013). These results can hardly be explained
by the passive decay hypothesis only.
Both hypotheses, the passive decay and the activation-suppression hypothesis, are not
mutually exclusive. The activation-suppression hypothesis is sufficient enough to explain all
reported findings of declining delta functions in the literature, however (e.g., Burle, et al.,
2002; Hübner & Mishra, 2013; Wylie, et al., 2013). The question remains to what extent the
activation-suppression model can also explain flat or increasing delta functions. Can it
account, for instance, for the flanker task as well?

1.7

The differentially shaped delta functions
Declining delta functions are a common phenomenon of the Simon task (e.g., Burle, van

den Wildenberg, & Ridderinkhof, 2005; De Jong, et al., 1994). The phenomenon, however, is
occurring exclusively in the Simon task, and it even seems to be further limited to the
horizontal visual version of that task (HST), i.e., the participant has to respond to visually
presented stimuli and the stimuli are presented to the left or to the right along the horizontal
axes of the visual center (e.g., Wascher, Schatz, Kuder, & Verleger, 2001). In the vertical
Simon task (VST, when the stimuli are presented along the vertical axes), or the auditory
version of the task (words or tones are played to the participant and the task irrelevant
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dimension is given by the occurrence of the stimulus; it is either presented to the left or to the
right ear), the delta functions are not declining, but either stable or increasing (see Proctor,
Miles, & Baroni, 2011 for an overview).
Wascher and colleagues (Wascher, et al., 2001; Wiegand & Wascher, 2005, 2007)
suggested that declining delta functions occur only in the horizontal version of the Simon task
because automatic response activation occurs only under specific circumstances, which are
met in the HST, but not in other variants of the task. Supposedly, the stimulus must occur in
the same hemifield as the response set to enable an automatic response priming of the
spatially corresponding response. According to Wascher and colleagues, the processing of the
stimulus must be located in the same hemisphere of the brain as the response option;
otherwise the activation from the stimulus cannot be directly transferred from perception to
the motor cortex, i.e., there is supposedly direct intra- but no interhemispheric connection
from perception to action. They further claimed that the passive decay is occurring only after
automatic response activation as in the HST, which would explain that declining delta
functions are occurring exclusively in the HST and not in other versions of the task, i.e., the
VST (the authors did not comment the activation-suppression account and assumed that the
declining delta functions in the Simon task are a result of a passive decay only). According to
the authors, the Simon effect in other Simon tasks, as the VST, is arising during the S-R
translation process.
The same hypothesis could explain why there is no declining delta function in the
flanker task or in the Stroop task (e.g., Pratte, et al., 2010): In both tasks, stimuli are usually
presented centrally, and conclusively, according to the theory of Wascher and colleagues
(e.g., Wascher, et al., 2001) there can be no automatic response activation, and therefore, no
declining delta functions in these tasks. Further, if one assumes that the declining delta

General introduction

38

functions are mainly caused by suppression of irrelevant activation, one might still argue that
this process is limited to automatic response activation, which is supposedly limited to the
HST.
Many studies could not find declining delta functions in other than the HST and argued
that the passive decay and/or suppression of irrelevant activation is exclusively occurring in
the HST (Pratte, et al., 2010; Proctor, Vu, & Nicoletti, 2003; Vallesi, Mapelli, Schiff,
Amodio, & Umilta, 2005; Wascher, et al., 2001; Wiegand & Wascher, 2005; 2007; see
Proctor, et al., 2011 for a review). Remarkably, other studies assumed that suppression must
not always result in a declining delta function and interpreted differences in the slopes of
increasing delta functions as differences in the amount of suppression of the irrelevant
activation (e.g., Wylie, et al., 2009).

1.8

Does suppression of irrelevant activation occur in other than the
horizontal version of the Simon task?
The activation-suppression model was not developed for the horizontal version of the

Simon task only. Instead, it was also developed for all kinds of Simon tasks and also for the
flanker task, at least for a flanker task using arrows as stimuli (see for instance Ridderinkhof,
2002b) as arrows are supposed to automatically prime a response, similar to a location
(Eimer, 1993). As a matter of fact, the increasing delta functions, which are observed in the
flanker task, do not contradict that the activation-suppression model is also valid for the
flanker task. The model indeed claims that suppression of irrelevant activation varies between
tasks (suppression-variability premise, see above), and conclusively, that also the slopes of
the delta functions differ. Thus, according to the model, also the slopes of increasing delta
functions can be compared and differences in their respective slopes can be interpreted as
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differences in the amount of suppression of irrelevant activation (e.g., Ridderinkhof, et al.,
2005; Wylie, et al., 2009). A levelling off in the delta function should occur, however, at least
in the slowest responses (e.g., Ridderinkhof, van den Wildenberg, Wijnen, & Burle, 2004).
Interestingly, the distribution functions of the Simon and the flanker task are actually
more similar to each other than one might think, when comparing their respective delta
functions. Servant, et al. (2014) could show that the law of Wagenmakers and Brown
(Wagenmakers & Brown, 2007), which claims that the mean RT and the variance of a
distribution function are positively correlated (see above), is not only violated in the Simon,
but also in the flanker task. Although the variance of the respective distribution function was
larger on incongruent trials than on congruent trials in the flanker task, the variance on
incongruent trials was relatively smaller than it would have been predicted by the law of
Wagenmakers and Brown. Further, it has been shown that Piéron’s law, i.e., the decrease of
mean RT as a power function of stimulus intensity (Piéron, 1913), holds in the Stroop
(Stafford, Ingram, & Gurney, 2011) as well as in the Simon and flanker task (Servant, et al.,
2014). The similarities between the distribution functions may suggest that the differences
that are commonly found between the different tasks in the delta functions are not
representing a qualitative difference of the involved cognitive control processes, but rather a
quantitative difference, as it has been suggested by the activation-suppression model.
If the difference between the delta functions should reflect merely a quantitative
difference, then it should also be possible to find declining delta functions in the flanker, as
well as in the Stroop task, but also in other versions of the Simon task than in the HST. And
indeed, in the flanker task a partially declining delta function was found on partial error trials
(Burle, et al., 2013). Partial errors were trials in which the correct response was given, but
activity of the non-responding hand was registered by electromyography measurements. This

General introduction

40

finding was restricted, however, to the participants’ instruction to respond as correct as
possible. On speed instructions, only increasing delta functions were found.
If the different forms of the delta functions should, indeed, reflect a quantitative
difference, then the question remains what the nature of that difference is.
1.8.1 Temporal distance and its impact on delta functions
According to the activation-suppression model, the slope of the delta function differs
with the strength of suppression (suppression-variability premise; e.g., Ridderinkhof, et al.,
2005; Ridderinkhof, et al., 2004). Further, the onset of suppression varies with the onset of
automatic response activation, as it starts to build up only after a response has been primed
automatically through the task irrelevant stimulus dimension to some extent. When automatic
response activation is slow and the deliberate response selection process is relatively fast
(activation-variability premise; Ridderinkhof, et al., 2005; Ridderinkhof, et al., 2004), then the
temporal distance between automatically induced and deliberately selected response is
relatively short. With a short temporal distance, however, the onset of suppression is
relatively late, and the deliberate response selection process might already be finished before
the suppression of irrelevant activation has built up strongly. This would result in a
comparatively small impact of suppression of irrelevant activation on the delta function. The
opposite should be the case when the temporal distance is large, however. Thus, the temporal
distance between irrelevant activation and the deliberate response selection process should
have a strong impact on the slope of the delta function.
Indeed, in the HST it has been shown that the temporal distance has a strong impact on
the mean Simon effect (e.g., Hommel, 1993, 1996) and even that the delta function varies
with the temporal distance (Burle, et al., 2005). In the study of Burle, et al. (2005) the slope of
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the delta function was more negative with increasing temporal distance between irrelevant
activation and deliberate response selection. The temporal distance was manipulated using
different stimulus onset asynchrony (SOA) conditions. The task irrelevant dimension of the
stimulus was either given before, together with (as in the normal Simon task), or after the task
relevant information. With long temporal distance, induced by a negative SOA (i.e., the task
irrelevant information was presented first), the slope of the delta function was more negative
than with short temporal distance. With positive SOA, even increasing effect functions were
found.
Lu and Proctor (1995) hypothesized that the difference in the temporal distance of
irrelevant activation and the deliberate response selection process could explain all differences
that have been found between the Simon and the Stroop task. The same could be true for the
flanker task. Most interestingly, Mansfield, van der Molen, Falkenstein, and van Boxtel
(2013) found in an event related potentials (ERP) study that response activation by the
irrelevant stimulus dimension was slower in a flanker task than in a Simon task when the task
relevant dimension was kept constant in both tasks. The authors suggested that only in the
Simon task unconditional fast response priming is possible, as it has been proposed by
Wascher and colleagues (e.g., Wascher, et al., 2001). According to them, in other tasks than
the flanker task, the response activation by the task irrelevant dimension is conditioned by the
S-R mapping of the task and is thus much slower compared to unconditional response priming
in the Simon task.
However, the difference in the speed of automatic response activation between the
flanker and the Simon task could explain the difference between the delta functions without
the assumption that the passive decay and/or suppression of irrelevant activation is limited to
the HST: When the task relevant dimension is kept constant across both tasks, then the
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conditional response activation should approximately be equally fast in both tasks.
Conclusively, the temporal distance of irrelevant activation and deliberate response selection
is smaller in the flanker task than in the Simon task, as the automatic response activation is
relatively faster in the Simon task than in the flanker task. According to the activationsuppression model, the relatively smaller temporal distance would result in a less negative
slope, which might explain that usually increasing delta functions are reported in the flanker
task.
Also Ulrich, et al. (2015) suggested that the timing of the irrelevant activation could be
a main determinant of the shape of the delta function in congruency paradigms. They further
developed a diffusion model for conflict tasks (DMC) and demonstrated in a modelling
analysis that an early and quickly decreasing automatic activation (as in the Simon task)
would result in declining delta functions, and in contrast, that later automatic response
activation, that conclusively also lasts for longer, can result in increasing delta functions. The
model is a mathematically realization of a dual-process model with a relatively slow response
selection process and an automatic activation through the task irrelevant dimension. The
irrelevant activation first grows and is reduced again, either through a passive decay or
suppression. Also sustained suppression of irrelevant activation can be implemented in the
model that results in a reversal of the congruency effect.
Taken together, in order to explain the different shapes of the delta functions, it is not
necessary to assume that automatic response activation is treated differently, depending on
conditional (as in the flanker task) or unconditional response priming (as in the Simon task,
possibly further limited to the HST). However, also the opposite is true: it is not necessary to
assume suppression of irrelevant activation in order to explain increasing delta functions.
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1.8.2 Inconclusive results on delta functions in other than the HST
The empirical data does not yet provide conclusive evidence to decide whether
suppression occurs in other than the HST. For instance, in Mattler (2003) different negative
SOA (SOA for simplicity) conditions were implemented in a flanker task and their
corresponding delta functions were investigated. Partly declining delta functions with SOA
were shown in Figure 2-6 of the study. The author reported, however, that the delta functions
did not differ significantly between the different SOA conditions, which would have been
expected when the temporal distance has an impact on the slope of the delta function in the
flanker task. I.e., with increasing SOA, the slope of the delta function should be more
negative, as suppression has more time to build up after flanker onset. Although the absence
of a significant difference between the conditions could be a statistical artefact, the same
could be true for the shape of the delta functions.
Further, although the DMC fits the data of a flanker task well (Ulrich, et al., 2015), this
does not necessary indicate that the model is the best fitting model for the flanker task. The
authors did not compare their model fit with that of the DSTP model (Hübner, et al., 2010),
which does not assume that the impact of the flankers is decreasing again. In direct
comparison, the DMC might have an advantage, though, as it needs comparatively less
parameters than the DSTP model. Nevertheless, the DSTP model might prove to be more
flexible, regarding other tasks than the HST and the flanker task (see for instance Hübner,
2014).
Interestingly, Dittrich, Kellen, and Stahl (2014) found in a Stroop task and in an
auditory version of the Simon task that the slope of the delta function varied with the
predecessor trial: the delta function was increasing after congruent predecessor trials and flat
after incongruent predecessor trials. A comparable pattern has already been shown for the
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HST (Ridderinkhof, 2002a): the delta function was increasing after congruent trials, but
slightly declining with slowest responses and decreasing after incongruent predecessor trials.
The results suggest that also suppression after irrelevant activation is increased after a conflict
trial (Ridderinkhof, 2002a). Although the pattern of results seems very similar in the auditory
Simon and in the Stroop task of Dittrich, et al. (2014), the delta functions were not declining.
Further, as the mean congruency effect after incongruent trials was rather small, also a more
flat delta function would have been predicted by the law of Wagenmakers and Brown. This
effect could be explained by a strong filter only. This was different in the HST of
Ridderinkhof (2002a). Although the mean congruency effect was also reduced after
incongruent trials, the Simon effect was positive in the first quantile and then reduced to zero
with the last quantile. The approach, to examine the delta functions depending on the previous
trial congruency effect, seems promising, though.

1.9

Overview of the current studies
In this thesis, I examine whether or not suppression of irrelevant activation occurs in

other than the HST in three different studies, and further, which circumstances determine
whether suppression of irrelevant activation is visible or not. The results shall be discussed in
the lights of two dual-route models, the activation-suppression model (e.g., Ridderinkhof,
2002a) and the DSTP model (e.g., Hübner, et al., 2010).
The first study compares the slope of the delta functions between the HST and a VST
(with the stimuli appearing above and below a fixation cross and responses are given with an
upper and a lower button). The results show a similar modulation of the delta function with
the previous trial congruency in both tasks and a declining delta function in a VST after
incongruent predecessor trials. The results clearly indicate that suppression of irrelevant
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activation is not limited to the HST, but occurs also in other versions of the Simon task,
broadening the relevance of suppression of irrelevant activation. Study 1 has been published
in 2014 in Acta Psychologica (pl. refer to Töbel, Hübner, & Stürmer, 2014).
In the second study, we investigated the impact of different SOAs on the slope of the
delta functions in a flanker task. The results showed an increasing negative slope with longer
SOA, indicating increasing suppression with longer temporal distance between automatically
induced and deliberately selected responses. In the 16 ms SOA condition, however, there was
no visible decline in the delta function, although the delta function in the 100 ms SOA
condition indicates that suppression starts around 550 ms after flanker onset, and thus, should
have affected the slowest responses in the 16 ms SOA condition.
In the third study we investigated suppression in the flanker task with a simultaneous
presentation of the target and the flankers. The results of Study 3 indicated that suppression of
irrelevant activation is impossible or at least very difficult when the target and the flankers are
presented together. When the participants’ ability to differentiate between target and flankers
is improved, however, suppression also occurs when the target and the flankers are presented
simultaneously. The results indicate that participants need to be able to identify the source of
irrelevant activation in order to selectively suppress the irrelevant activation. The manuscripts
for Study 2 and Study 3 are prepared and are in submission pipeline.
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2 Study I
Suppression of irrelevant activation in the horizontal and vertical
Simon task differs quantitatively not qualitatively1

2.1

Introduction
In everyday life conflicting response tendencies have to be solved to guarantee

accurate behavior. A widely applied paradigm to investigate conflict control is the Simon task
introduced by Simon and Rudell (1967). In its visual version, the task requires to categorize a
pre-defined non-spatial stimulus feature (e.g., color or shape) and to signal the result by a
spatial choice response (e.g., left or right button press). In addition to the relevant non-spatial
stimulus feature, however, the stimulus also has an irrelevant spatial dimension (e.g., it
appears left or right of fixation) that overlaps with the spatial dimension of the responses.
Usually, participants respond faster and more accurately to congruent stimuli (i.e. when
stimulus location corresponds to the side of the required response) than to incongruent stimuli
(i.e. when the stimulus appears opposite to the side of the correct response). The difference in
1

The study has been published in Acta Psychologica
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response time (RT) and error rate between congruent and incongruent trials is called Simon
effect (see Hommel, 2011 for an overview).
Although the Simon task has been investigated extensively, its origin is still not fully
understood. A widely accepted basic account, however, is the dual-route model which
assumes that information flows from perception to the response along two routes, a
conditional and an unconditional one (De Jong, et al., 1994; Kornblum, et al., 1990). Whereas
task relevant stimulus information has to be translated to the correct response along the
conditional route, irrelevant location information automatically activates the corresponding
response via the unconditional route.
That stimulus location automatically affects response selection in the Simon task is
supported by the characteristic of so-called delta functions for the latencies of correct
responses (delta functions for RT) and of delta functions for accuracy, which reflect how the
Simon effect varies with RT in the latencies and error rates, respectively. In delta functions
for accuracy, the size of the congruence effect for the fast responses is an indicator of the
strength of automatic response activation (Ridderinkhof, 2002b). Usually, the Simon effect in
error rates is relatively large for fast responses and decreases quickly towards zero, as late
responses are highly accurate. This effect indicates fast automatic response activation by the
location of the stimulus.
Also for correct responses, the Simon effect is relatively large for fast responses and
decreases with increasing RT (see for example De Jong, et al., 1994), hence, the delta
function for RT has a negative slope. Interestingly, this effect is contrary to what one would
expect, as the variance of RT is positively correlated with the mean RT (Wagenmakers &
Brown, 2007), which would usually result in a positively sloped delta function (Pratte, et al.,
2010). The fact that the Simon effect decreases with RT for correct responses has been
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explained by suppression of automatic response activation that builds up gradually with time
(De Jong, et al., 1994; Ridderinkhof, 2002a; Ridderinkhof, et al., 2004).
Automatic activation of the corresponding response by stimulus location, however, has
been called into question as a general account of the Simon effect. Primarily, because the
effect differs in its dynamic depending on whether stimulus location varies along the
horizontal or the vertical meridian (e.g., Wascher, et al., 2001). The relative positions of the
response buttons in both tasks correspond to that of the stimulus locations (e.g., when the
stimuli vary along the vertical meridian, the participants are supposed to respond with an
upper and a lower button). Thus, the spatial dimension of the stimulus always overlaps with
that of the responses. Whereas negatively sloped delta functions for RT are found for the
horizontal Simon task (HST), the vertical Simon task (VST) usually produces constant or
even positively sloped delta functions for RT (e.g., Proctor, et al., 2003; Wascher, et al.,
2001). For a detailed review on differences in delta functions for RT between HST, VST, and
other variants of the Simon tasks see Proctor, et al. (2011).
In view of such results Wascher, et al. (2001) hypothesized that stimulus location does
not activate the spatially corresponding response automatically in every case, but rather
specific conditions have to be met. Such a condition is given, for instance, when a visual
stimulus is processed in the same cerebral hemisphere as the response primed by the location
of the stimulus. Obviously, this is the case in the standard HST. If such favorable conditions
are not met, as in the VST, stimulus information is transmitted solely via the conditional
route. Thus, the Simon effect in a VST is seen to arise during stimulus-response translation.
Because no automatic response activation is elicited that triggers suppression in a VST, the
Simon effect does not decrease but remains constant or even increases with RT. Several
studies reported declining delta functions for RT exclusively in the standard HST (e.g.,
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Vallesi & Umiltà, 2009; Wiegand & Wascher, 2005, 2007), supporting the idea of Wascher,
et al. (2001).
There are, however, some reports of declining delta functions for RT in Simon tasks
when stimulus processing and response activation were not located in the same hemisphere.
For instance, it has been shown that the Simon effect also decreases with increasing RT in a
HST when responses are given with fingers of the same hand (Hübner & Mishra, 2013;
Proctor & Vu, 2010), by responding with saccadic eye movements (Wijnen & Ridderinkhof,
2007), or by moving one hand to the left or to the right (Buetti & Kerzel, 2008). Furthermore,
in some studies the Simon effect also decreased with RT for the VST, e.g., when the stimulusresponse mapping was randomized (Wiegand & Wascher, 2007). These studies support the
alternative hypothesis that HST and VST merely differ quantitatively. Rubichi, Nicoletti, and
Umiltà (2005) suggested that location-induced activation is also present in the VST, but to a
lesser degree than in the HST. Tsai, Chen, Jang, and Liao (2013) reported that the cortical
magnification factor is smaller for a distance along the vertical axis as compared to the same
distance along the horizontal axis. Possibly the larger representation on the visual cortex of
the same distance in the HST as compared to the VST results in stronger automatic response
activation in the former case. If automatic response activation is generally lower in VST,
inhibitory demands are lower as well and less suppression is necessary, so that the Simon
effect does not decrease with RT. According to this idea we should find suppression of
irrelevant activation in the VST, when the inhibitory demand is relatively high.
The hypothesis that both tasks differ in their response activation is, however, also
supported by EEG analyses (Vallesi, et al., 2005) and by showing different training effects in
both tasks (Vu, 2007). More information about automatic response activation in both tasks
could be gathered by also considering delta functions for accuracy, which are hardly reported
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in the literature on the VST. Fast error responses are influenced especially strong by stimulus
location and are not included in the delta functions for RTs, because only correct responses
are included. Thus, the strength of automatic response activation is more reflected in the delta
functions for accuracy, which, therefore, can be an important source of information for
investigating differences and similarities between the VST and the HST.
With the present study we aimed at further investigating whether the horizontal and
vertical versions of the Simon task differ quantitatively or qualitatively. We assumed that any
demonstration of suppression in the VST strengthens the idea of automatic response
activation. However, automatic response activation should also be observed more directly by
considering delta functions for accuracy. But how can we study suppression of irrelevant
activation in the VST if there is no decrease of the Simon effect with RT? Our idea was to
consider a variable that is well-known to modulate suppression and to see whether it affects
performance in the VST in the same way as in the HST. The examined variable was the
previous-trial congruency. In numerous studies it has been shown that previous-trial
congruency has a substantial impact on the Simon effect (see Egner, 2007 for a review; e.g.,
Stürmer, Leuthold, Soetens, Schröter, & Sommer, 2002). More specifically, the Simon effect
is usually smaller after an incongruent than after a congruent trial. This modulation has been
explained by conflict adaptation (Botvinick, Braver, Barch, Carter, & Cohen, 2001) that
serves for reducing the effects of irrelevant information after a conflict has been detected
(Stürmer & Leuthold, 2003; Stürmer, et al., 2002).
For the HST, Ridderinkhof (2002a) has shown that the Simon effect is generally
reduced in trials following an incongruent one, and in addition the slope of the corresponding
delta function for RT is more negative. This suggests that suppression of automatic response
activation is increased after experiencing a response selection conflict in the previous trial. If
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one could show that previous-trial congruency also modulates the slope of the delta function
for RT in the VST, then this could be taken as an indicator of automatic response activation in
this task. Furthermore, if there is suppression of automatically induced responses in the VST,
one should also observe a significantly declining delta function for RT, at least after
incongruent trials.
Indeed, Stürmer, et al. (2002) already observed that in a VST the Simon effect was
reduced after incongruent trials compared to congruent ones and the slopes of the respective
delta function for RT decreased, too. Unfortunately, Stürmer, et al. (2002) did not test
whether the reduction was significant, nor did they include a HST for comparison. They also
did not exclude direct trial repetitions in the graph, which are supposedly confounded with
conflict adaptation, as the response in these trials is usually very fast (Mayr, Awh, & Laurey,
2003). In the present study we therefore conducted behavioral experiments to test whether we
can find a similar reduction of the Simon effect in the VST with RT. In Experiment 1 we also
included a HST in addition to the VST.

2.2

Experiment 1
In our first experiment we used a similar method as Stürmer, et al. (2002). However,

additionally to the VST we included a HST to compare the Simon effect and its modulation
by previous-trial congruency between the two tasks. Because in pilot studies we found that
suppression decreases in the HST with the duration of the experiment, we used a betweenparticipants design. A comparison of a balanced within-participant design could have been
problematic, as the first and the second half of a test block are possibly not comparable.
Whereas predictions on mean Simon effects are not easy, because two opposing
factors are at play (suppression and automatic response activation), clear predictions can be
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made for the delta functions. For accuracy we expected a larger Simon effect in the first
quintile in the HST compared to the VST because automatic response activation is supposedly
stronger (Rubichi, et al., 2005). Further, we expected weaker automatic response activation in
both tasks after incongruent trials. In the HST the delta function for RT should be negatively
sloped, whereas it should be flat or even positively sloped in the VST. Critically, if these
differences in the delta functions for RT merely reflect a quantitative difference between
suppression of irrelevant response activation in the two tasks, then the modulation of
suppression, and therefore of the delta functions for RT, by previous-trial congruency should
be similar.
2.2.1 Methods
Participants
16 participants (age range: 21-28 years, mean: 23.7 years; 5 men) performed the HST
and 19 participants (age range: 18-32 years, mean: 22.0 years; 6 men) performed the VST in a
between-participants design. All were recruited at the University of Konstanz and had normal
or corrected-to-normal vision. Participants were paid (8€/h) for their participation or received
course credits.
Apparatus and Stimuli
The stimulus set consisted of a diamond and a square (0.66° × 0.66°). Each stimulus
was 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. In the HST, the stimulus appeared either
left or right (1.2°) from a central fixation cross (0.23° × 0.23°), whereas in the VST the
stimulus appeared above or below the cross (1.2°). Participants had a viewing distance of
about 45 cm from the screen. Their responses were recorded from the left and right control
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keys on a keyboard (HST), or from the down arrow and the Pos1 key (VST) on a QWERTZ
keyboard. Obviously, the distance between the keys differed across the tasks. The reason was
that we wanted to allow a rather natural limb position in both tasks. However, we expected
that this difference will not substantially affect the slope of the delta functions for RT. For
instance, a typical negatively sloped delta function for RT can be found in the HST even for
responses with the fingers of the same hand (e.g., Hübner & Mishra, 2013).
Procedure
The fixation cross was permanently present. Stimuli were shown for 100 ms and the
next trial started about 1050 ms (varied randomly between 1000 and 1100 ms) after the
response. Participants had to decide as fast and as accurately as possible whether the stimulus
was a diamond or a square. In the HST, half of the participants responded with the left key
towards the diamond and with the right key towards the square; the other half got the opposite
mapping. In the VST, half of the participants pressed the upper key with their left index finger
and the lower key with their right index finger. For the other half the finger-to-key mapping
was reversed. The stimulus-to-key mapping was also balanced across participants. Each task
consisted of 17 test blocks, containing 80 trials; the first 20 trials served as practice trials.
Thus, in total, there were 1340 trials lasting about 50 minutes.
2.2.2 Results
Response times
Only correct responses with latencies between 100 ms and 2000 ms were analyzed.
Trials preceded by an error were excluded.
A three-factor ANOVA was computed, including the within-participant factors
congruency (congruent or incongruent) and previous-trial congruency (congruent or
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incongruent), and the between-participants factor task (HST or VST). It revealed a significant
main effect of congruency [F(1, 33) = 276.43, p < 0.001], meaning that participants were
faster in congruent (403 ms) than in incongruent trials (427 ms). However, the interaction
between congruency and task was also significant [F(1, 33) = 6.87, p < 0.05], indicating that
the Simon effect was larger in the VST as compared to the HST (VST: 28 ms; HST: 20 ms).
Moreover, the interaction between congruency and previous-trial congruency was significant
[F(1, 33) = 218.77, p < 0.001], indicating a larger Simon effect after a congruent (50 ms) than
after an incongruent trial (-2 ms). The three-way interaction was not significant [F(1, 33) < 1],
indicating that the modulation of the Simon effect by previous-trial congruency was not
different between the two tasks.
Error rates
The mean error rate was 7.39 %. An ANOVA of the same type as for the RT was also
computed for the error rates2. It revealed a significant main effect of congruency [F(1, 33) =
76.75, p < 0.001]. Participants responded more correctly on congruent trials (congruent: 4.64
%; incongruent: 10.16 %). The main effect of previous-trial congruency was also significant
[F(1, 33) = 51.53, p < 0.001]. Participants made more errors after congruent trials (congruent:
8.64 %; incongruent: 6.03 %). The factor task did not reach significance [F(1, 33) = 2.56, p =
0.12]. There was also a reliable interaction between congruency and previous-trial
congruency [F(1, 33) = 99.58, p < 0.001], indicating a larger Simon effect after congruent
(11.66 %) than after incongruent trials (-1.16 %). The three-way interaction was not
significant [F(1, 33) < 1], suggesting that the Simon effect in the error rates was similarly
modulated by previous-trial congruency in the two tasks.

2

Analyses with arcsine transformed error rates revealed the same essential results.
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Distributional analyses
Cumulative distribution functions (CDFs) for the latencies of correct responses were
computed for each congruency condition (congruent, incongruent) for all trials (overall
function) and for each previous-trial condition (congruent, incongruent; exact trial repetitions
were excluded in the previous-trial congruency analyses) by quintile-averaging. (.1, .3, .5, .7,
and .9, see Ratcliff, 1979). The CDFs conditioned on previous-trial congruency are shown in
Figure 2-1. For calculating the delta functions for the RTs presented in Figure 2-2, the quintile
RTs for congruent trials were subtracted from those for incongruent trials and related to the
respective mean quintile RTs.
Delta functions for accuracy were constructed by first calculating the conditional
accuracy functions (CAFs) shown in Figure 2-3 (only CAFs conditioned on previous-trial
congruency are depicted). That is, all data were sorted into quintiles and the accuracy value
was calculated for each quintile and condition separately. The accuracy values for each
quintile for congruent trials were then subtracted from those for incongruent trials and were
related to the respective mean quintile RTs. Delta functions for accuracy are depicted in
Figure 2-4.
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Figure 2-1: CDFs for the HST (upper panel) and the VST (lower panel) of Experiment 1. Only the
specific functions conditioned on previous-trial congruency are depicted.
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Figure 2-2: Delta functions for the latencies of correct responses of the HST (upper panel) and the VST
(lower panel) of Experiment 1. Overall functions (including all trials) as well as the specific functions
conditioned on previous-trial congruency are depicted.
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Response Times
As can be seen by inspecting the overall delta functions for RT in Figure 2-2, the
Simon effect decreased in the HST and slightly increased in the VST. If we take previous-trial
congruency into account, however, the functions show a different pattern of results. In the
HST, the Simon effect was relatively constant across RT after a congruent trial, but decreased
after an incongruent trial. In the VST the Simon effect increased with RT after a congruent
trial, but slightly decreased with RT after an incongruent trial.
In order to analyze the variation of the Simon effect with RT statistically, we subjected
the cumulative distribution functions into a 2×5×2 ANOVA with the within-participant
factors congruency (congruent, incongruent) and quintile (1 to 5), and the betweenparticipants factor task (HST, VST)3. We were not interested in main effects, but merely in
significant interactions with quintile. A significant interaction with the factor quintile would
indicate that the congruence effect differed significantly between quintiles. If there is a
decrease in the delta function, a significant interaction with quintile would indicate that the
function has a significant negative slope. If the function is increasing, however, the same
result would indicate a significant positive slope.
The analysis revealed a reliable three-way interaction between congruency, quintile,
and task [F(4, 132) = 11.16, p < 0.001]. It indicates that the Simon effect varied differently
with RT across quintiles in the two tasks. Separate analysis for the two tasks revealed a
reliable two-way interaction between the factors congruency and quintile [F(4, 60) = 3.95, p <
0.01] in the HST, indicating that the Simon effect varied (decreased) with RT. The analogous

3

Comparing the slopes of the delta functions for RT, estimated by least square regression, (Pratte, et al., 2010)

leads to the same conclusions.
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interaction was also significant in the VST [F(4, 72) = 10.88, p < 0.001], where it indicates an
increasing overall Simon effect, however.
In a further analysis we excluded direct stimulus repetitions and additionally included
previous-trial congruency as a factor. Accordingly, we conducted another 2×2×5×2 ANOVA
with the within-participant factors congruency, previous-trial congruency, and quintile, and
the between-participants factor task. As in the previous analysis, there was a reliable threeway interaction between congruency, quintile and task [F(4, 132) = 7.33, p < 0.001]. Most
interestingly, though, the four-way interaction between all factors was far from significance
[F(4, 132) < 1], suggesting that the modulation of the Simon effect by previous-trial
congruency did not differ between the HST and the VST. The small effect size (η2 = 0.007) of
the interaction indicates that it presumably would not get significant even with an increased
number of participants.
We applied the previous-trial congruency analyses separately for the VST, as it is of
particular interest whether the delta function for RT declines in the VST. Accordingly, a
2×2×5 ANOVA was calculated with the factors congruency, previous-trial congruency, and
quintile. The analyses revealed a significant three-way interaction [F(4, 72) = 6.63, p <
0.001], indicating that the slope of the delta function for responses after incongruent trials
decreased, compared to that for responses after congruent trials. Further tests revealed that the
increase of the Simon effect with RT after congruent trials was significant [F(4, 72) = 9.17, p
< 0.001], whereas the Simon effect did not vary significantly for responses after incongruent
trials [F(4, 72) < 1].
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Figure 2-3: CAFs for the HST (upper panel) and the VST (lower panel) of Experiment 1. Only the
specific functions conditioned on previous-trial congruency are depicted.
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Figure 2-4: Delta functions for the accuracy of the HST (upper panel) and the VST (lower panel) of
Experiment 1. The overall functions (including all trials) as well as the specific functions conditioned
on previous-trial congruency are depicted.
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Accuracy
The delta functions for accuracy are presented in Figure 2-4. They show that the
Simon effect largely decreased with RT. Interestingly, if we consider the functions for the
overall data, we see that for the first quintile the Simon effect was larger in the HST than in
the VST, suggesting that automatic response activation was indeed stronger in the HST. With
an increasing RT the Simon effect then became negative in the HST, but not in the VST.
Consequently, although the functions differ, on average, the Simon effect was similar in both
tasks.
We applied a t-Test on the first quintiles of the overall delta functions for accuracy of
the tasks. The analyses revealed a significant larger congruency effect in the HST compared
to the VST [t = 3.19, p < 0.01], indicating that automatic response activation was stronger in
the HST4.
We tested the difference in the decline between tasks with another 2×5×2 ANOVA
including the within-participant factors congruency and quintile, and the between-participants
factor task. The analysis revealed that the decline was significantly larger in the HST than in
the VST [F(4, 132) = 9.86, p < 0.001]. However, when testing both tasks separately, there
was a reliable two-way interaction between the factors congruency and quintile in the HST
[F(4, 60) = 54.23, p < 0.001] and in the VST [F(4, 72) = 34.94, p < 0.001], indicating a
decreasing Simon effect in accuracy with RT in the VST as well.
Considering the delta functions for accuracy conditioned on previous-trial congruency
effects, it is obvious that the decline of the delta function for accuracy is weaker after

4

The variances between the compared groups differed. Thus, we also performed a Welch-Test, which does not

assume similar variances. The result was the same.
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incongruent trials. This, however, does not necessarily indicate weaker suppression, but
seems to be related to the reduced Simon effect in error rates after incongruent trials. The
decline in the delta function for accuracy is mainly due to the size of the Simon effect in the
first quintile: The larger the effect in the first quintile, the larger the decline of the delta
function for accuracy, as the Simon effect in the error rates is quickly decreasing towards zero
with slower responses in both tasks. This, however, is mainly related to high response
accuracy with slow RT, and relatively independent of suppression of automatic response
activation. In the HST it is also obvious that the Simon effect reverses in the second, third,
and fourth quintile after incongruent trials, but not after congruent trials, which clearly
indicates strong suppression, although the decline of the delta function for accuracy is rather
small. We could not find such a reversal in the VST though.
We tested the differences between the delta functions for accuracy depending on
previous-trial congruency in another 2×2×5×2 ANOVA with the within-participant factors
congruency, previous-trial congruency, and quintile, and the between-participants factor task.
A significant three-way interaction between congruency, previous-trial congruency, and
quintile [F(4, 132) = 45.50, p < 0.001] indicated that the slope differed depending on the
previous-trial congruency, that is, the decline was stronger when the previous trial was
congruent. The four-way interaction, however, was not significant [F(4, 132) < 1], indicating
that the modulation by the previous-trial congruency did not differ between the tasks.
2.2.3 Discussion
Our results show that the mean Simon effect in RT was larger in the VST than in the
HST, whereas there was no difference in the error rates, which may have suggested that
automatic response activation was stronger in the VST. This interpretation was refuted,
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however, by the analyses of the delta functions for accuracy, which reflect automatic response
activation more directly (Ridderinkhof, 2002b). The analyses show that the congruency effect
in accuracy was significantly larger in the first quintile in the HST as compared to the VST,
indicating that automatic response activation was indeed stronger in the HST. However, the
activation was quickly suppressed, which even produced a negative Simon effect for some
quintiles. Together, the larger activation and its stronger suppression in the HST produced an
average Simon effect in accuracy that was similar to that in the VST.
If we consider the overall delta functions for RT, then they are in line with former
studies (see Proctor, et al., 2011 for a review; Proctor, et al., 2003; Wiegand & Wascher,
2005). In the HST the effect decreased with RT, whereas it increased in the VST.
Thus, it seems that automatic response activation and its suppression is stronger in the
HST as compared to the VST. This does not indicate that the two tasks differ qualitatively,
though. Interestingly, although the Simon effect in the first quintile of the delta function for
accuracy was smaller in the VST than in the HST, the pattern was rather similar. For each
task the effect decreased significantly. This decrease indicates that fast errors were strongly
affected by the irrelevant spatial dimension. Although it cannot be excluded that a cognitive
conflict in the stimulus-to-response translation process would have resulted in a similar
pattern, yet, it seems more likely that automatic response activation also occurred in the VST.
This conclusion is further supported by the analyses of the delta functions for RT. If we
consider the modulation of suppression by previous-trial congruency, then it is obvious that it
was similar in both tasks. After incongruent trials the Simon effect was not only decreased
relative to congruent trials, the slope of the delta function for RT was also reduced. The fact
that this was the case for both tasks supports the hypothesis that the HST and the VST differ
only quantitatively.
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The question remained, why suppression was smaller in the VST. Even after
incongruent trials we did not observe a negative slope in the delta function for RT, which is
usually interpreted as support for the hypothesis that the two tasks differ qualitatively.
However, the delta function was flat indicating that the RTs for congruent and incongruent
stimuli had a similar variance (Pratte, et al., 2010). This is remarkable. Usually, variance
increases with mean RT (Wagenmakers & Brown, 2007), so that one would have expected an
increasing delta function with RT. Thus, the fact that this was not the case for the VST after
incongruent trials indicates that the variance of RTs for incongruent stimuli was reduced by
some mechanism. Most likely this was due to weak suppression.
If there is also suppression of irrelevant activation in the VST, then we should also
find declining delta functions. Possibly, the difference in suppression between the HST and
the VST depends on the differing amount of automatic response activation. Thus, if the VST
indeed differs only quantitatively from the HST, then it should be possible to further increase
suppression. Several variables are conceivable in this respect. In the next experiment the
effect of spatial distance between the stimulus locations was investigated.

2.3

Experiment 2
For our reasoning we assumed that the strength of suppression is related to automatic

response activation. Consequently, if automatic response activation can be strengthened in a
VST, its suppression should increase as well. The delta functions for accuracy in Experiment
1 show that automatic response activation was weaker in the VST than in the HST. Possibly,
horizontal and vertical stimulus eccentricity were mentally represented in a different way.
One reason could be the cortical magnification factor. Tsai, et al. (2013), for instance,
reported that the magnification is smaller for vertical distances compared to horizontal ones.
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Thus, the same distance between stimulus positions could be more dominant in the HST than
in the VST. If this is true, one can possibly enhance automatic response activation in the VST
by increasing the vertical eccentricity.
To see whether this is indeed the case, we conducted the same VST experiment as in
Experiment 1, except that the eccentricity of the stimulus locations was increased. This also
offered the possibility to compare the automatic response activation between the experiments.
If a larger vertical eccentricity increases location-induced response activation, then this should
also increase suppression of automatic response activation.
2.3.1 Method
18 participants (age range: 19-37 years, mean: 22.6 years; 5 men) were recruited at the
University of Konstanz. All had normal or corrected-to-normal vision and were paid (8€/h)
for their participation or received course credits. Apparatus, stimuli, and procedure were
similar to the first experiment, except that only the VST was applied and that the vertical
distance between the center and the stimulus positions was increased to 2.4° of visual angle.
2.3.2 Results
Response times
Only correct responses with latencies between 100 ms and 2000 ms and following a
correct response were entered into data analyses. A two-factor ANOVA with repeated
measurements on the factors congruency (congruent or incongruent) and previous-trial
congruency (congruent or incongruent) was conducted. The analysis revealed a significant
main effect of congruency [F(1, 17) = 111.07, p < 0.001]. Participants responded faster on
congruent (394 ms) than on incongruent trials (421 ms). There was also a significant
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interaction between both factors [F(1, 17) = 96.07, p < 0.001], indicating that the Simon effect
was larger after congruent trials (55 ms) than after incongruent ones (-3 ms).
For comparison with the VST of Experiment 1 a three-factor ANOVA was conducted,
including the within-participant factors congruency and previous-trial congruency, and the
between-participants factor eccentricity (large or small; only effects related to the factor
eccentricity are reported). There were no significant effects regarding the factor eccentricity
[F(1, 35) ≤ 1.36].
Error rates
The mean error rate was 9.73 %. An ANOVA5 of the same type as for the response
times revealed a significant main effect of congruency, [F(1, 17) = 62.58, p < 0.001;
congruent: 6.36 %, incongruent: 13.07 %], and previous-trial congruency [F(1, 17) = 22.97, p
< 0.001; congruent: 11.24 %, incongruent: 8.07 %]. The interaction between these factors was
also significant, [F(1, 17) = 70.42, p < 0.001], indicating that the congruency effect was larger
after congruent trials (15.42 %) than after incongruent ones (-2.82 %).
A further three-factor ANOVA with the within-participant factors congruency and
previous-trial congruency, and the between-participants factor eccentricity was conducted for
comparison with Experiment 1. There was a significant main effect on the factor eccentricity
[F(1, 35) = 8.38, p < 0.01], meaning that the participants in the experiment with a large
vertical eccentricity responded less accurate (9.73 %) than those in the experiment with a
small vertical eccentricity (6.55 %). Also the three-way interaction reached significance [F(1,
35) = 4.58, p < 0.05], indicating that the modulation of the Simon effect by previous-trial
congruency was stronger for the increased vertical eccentricity.

5

The analyses with arcsine transformed error rates again revealed the same essential results.
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Figure 2-5: CDF (upper panel) and CAF (lower panel) of the VST in Experiment 2. Only the specific
functions conditioned on previous-trial congruency are depicted.
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Figure 2-6: Delta functions for the latencies of correct responses (upper panel) and for accuracy (lower
panel) of the VST in Experiment 2.

69

Study 1

70

Distributional analyses
Response times
The CDFs conditioned on previous-trial congruency are depicted in Figure 2-5 (upper
panel), and the delta functions for RT are shown in Figure 2-6 (upper panel). A 2×5 ANOVA6
with repeated measurements including the factors congruency (congruent, incongruent) and
quintile (1 to 5) revealed that the two factors interacted significantly [F(4, 68) = 7.47, p <
0.001], indicating an increasing delta function for RT. If we take the factor previous-trial
congruency (congruent, incongruent) into account, then there was a significant three-way
interaction between congruency, quintile, and previous-trial congruency [F(4, 68) = 8.66, p <
0.001].
The individual previous-trial congruency conditions were also analyzed separately.
For responses after congruent trials there was a significant two-way interaction [F(4, 68) =
6.83, p < 0.001], which indicates that the Simon effect increased with RT (see Figure 2-3,
upper panel). Most importantly, the two-way interaction for responses after incongruent trials
was also significant [F(4, 68) = 5.47, p < 0.001]. In this case the interaction indicates that the
Simon effect decreased with RT.
A three-factor ANOVA was conducted, for the comparison with the VST of
Experiment 1, including the within-participant factors congruency and quintile, and the
between-participants factor eccentricity (large or small). There were no significant effects
regarding the factor eccentricity. This also held for further analyses involving previous-trial
congruency.

6

Similar to Experiment 1, comparing the slopes of the delta functions for RT, estimated by least square

regression, (Pratte, et al., 2010) leads to the same essential results.
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Accuracy
Figure 2-5 (lower panel) presents the CAFs conditioned on previous-trial congruency
and Figure 2-6 (lower panel) shows the corresponding delta functions. A similar analysis as
for the effects in RT was conducted. As expected, the Simon effect was large for fast
responses and then decreased significantly with RT [F(4, 68) = 96.07, p < 0.001]. The effect
also varied with previous-trial congruency [F(4, 68) = 24.69, p < 0.001]. Separate analyzes of
the Simon effect for the individual previous-trial congruency conditions revealed a significant
decline after congruent trials [F(4, 68) = 56.30, p < 0.001], but no such modulation after
incongruent trials [F(4, 68) < 1], which, however, is again due to the small mean Simon
effect.
For comparison of automatic response activation between the VSTs in both
experiments, we conducted a t-test on the first quintiles of the overall delta functions for
accuracy of the tasks7. It revealed a significant larger congruency effect with large stimulus
eccentricity [t = 2.32, p < 0.05], indicating that automatic response activation was stronger in
Experiment 2 as compared to the VST with a smaller eccentricity in Experiment 1.
A further three-factor ANOVA for the comparison with the VST in Experiment 1 with
the within-participant factors congruency and quintile, and the between-participants factor
eccentricity revealed that there was a significant interaction between the factors eccentricity
and quintile [F(4, 140) = 12.20, p < 0.01], indicating a stronger decrease in the error rates
across the quintiles with larger vertical eccentricity. Also the three-way interaction reached
significance [F(4, 140) = 4.05, p < 0.01], indicating that there was a stronger decline in the

7

The variances between the compared groups again differed. Therefore, we performed another Welch-Test (not

assuming similar variances). The result remained the same.

Study 1

72

delta function for accuracy in Experiment 2. These effects are again due to the generally
stronger Simon effect in the first quintile with increased vertical eccentricity.
Regarding the previous-trial congruency, there was only a marginally significant fourway interaction [F(4, 140) = 2.28, p = 0.06], which indicates that the difference in slope
between the delta functions varies stronger with previous-trial congruency in the task with
large vertical eccentricity.
2.3.3 Discussion
Despite the increased vertical eccentricity of the stimuli, the mean Simon effect in RT
was of similar size as in the previous experiment. In the error rates, however, the Simon effect
was larger and the modulation of the Simon effect by previous-trial congruency was stronger.
Importantly, automatic response activation - as indicated by the first quintile in the delta
functions for accuracy - was stronger in the present experiment than in the VST of
Experiment 1.
If we consider the overall delta function for the RT (Figure 2-6, upper panel), we see
that the Simon effect first increased with RT but then leveled off. Importantly, there was
again a modulation of the slope of the delta function for RT by previous-trial congruency. If
the previous trial was incongruent, the Simon effect decreased substantially for the slower
responses, indicating suppression of automatic response activation.
Together, the results of our second experiment demonstrate that response suppression
can also occur in the VST and is not restricted to the HST. Moreover, although suppression
seems to occur more naturally or easily in the HST, the observed negatively sloped delta
function for RT supports the hypothesis that the HST and the VST differ only quantitatively.
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General discussion
In the present study we examined whether the VST differs qualitatively or

quantitatively from the HST in automatic response activation and its suppression. A
characteristic of the HST is that the Simon effect usually decreases with RT, which has been
interpreted as indication of an irrelevant location-induced activation that is increasingly
suppressed (e.g., Ridderinkhof, et al., 2004). Because such a decrease was rarely observed for
the VST, it has been proposed that automatic response activation and, consequently, its
suppression occurs only in the HST, but not in the VST. It is, however, possible that locationinduced activation merely differs quantitatively between the tasks. Perhaps locations along the
vertical meridian activate a corresponding response to a lesser extent than locations along the
horizontal meridian and, therefore, the suppression of automatic response activation is also
weaker (Rubichi, et al., 2005). Thus, if the inhibitory demand is indeed lower in the VST,
then it is no wonder that little or no suppression has been observed in the VST.
However, the degree of suppression does not only depend on the amount of response
activation, but also on previous-trial congruency. Suppression is usually stronger after an
incongruent trial than after a congruent one in the HST (Ridderinkhof, 2002a). This is also
reflected by the delta functions for RT and for accuracy. If response activation and its
suppression differ only quantitatively between the tasks, a similar modulation of the Simon
effect should be found for the VST. A first hint in this direction has been given by Stürmer, et
al. (2002). They showed descriptively that, after incongruent trials, the Simon effect was not
only generally reduced, but also that the delta function for RT was slightly decreasing. The
authors did not test this effect for significance, however. Therefore, in the present study this
issue was investigated again, by directly comparing the performance in a HST with that in a

Study 1

74

VST. Moreover, automatic response activation was compared between the tasks, using delta
functions for accuracy.
As expected, automatic response activation was stronger in the HST, compared to the
VST. Also, the analyses of the delta functions for RT were in line with previous results (see
Proctor, et al., 2011 for a review). The Simon effect decreased with RT in the HST, but not in
the VST. More specifically, in the HST the delta function for RT was negatively sloped,
whereas it was positively sloped in the VST. As a consequence of the lower suppression, the
Simon effect was larger in the VST than in the HST.
In support of the quantitative-difference hypothesis, though, we found a comparable
response activation pattern in the delta functions for accuracy and a similar modulation of the
Simon effect by previous-trial congruency in the delta functions for RT in the VST and in the
HST. Moreover, the delta function for responses after an incongruent trial had a smaller slope,
compared to that for responses after congruent trials, similar to the HST in Ridderinkhof
(2002a). Although this result is in line with the idea that the two versions of the Simon task
merely differ quantitatively, we did not observe a negatively sloped delta function for RT in
the VST, even after incongruent trials. Flat delta functions for RT have often been interpreted
in the sense that there was no response suppression.
Therefore, in our second experiment we tried to increase the inhibitory demand in the
VST by increasing the vertical eccentricity of the stimulus positions. As a result, the Simon
effect in RT substantially decreased with RT, at least for responses after incongruent trials,
which is a clear indication of suppression of automatic response activation, and, therefore,
supports the quantitative-difference hypothesis. Also the degree of automatic response
activation was enhanced relative to the VST in Experiment 1. This suggests that suppression
depends on the strength of automatic response activation.
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Interestingly, in all three versions of the Simon task, suppression was increased after
incongruent as compared to congruent trials and, as predicted by conflict adaptation theories
(e.g. Stürmer, et al., 2002), automatic response activation was lower as well. This observation,
however, seems to violate our idea that suppression of the automatically induced response is
positively related to the strength of automatic response activation. However, if we assume that
suppression of irrelevant activation is related to the amount of automatic response activation,
this does not imply that suppression is directly induced by automatic response activation in
every case. Quite the contrary, we would not expect that at all. First, it has been shown that
suppression is rather flexible and can be adjusted according to the demands of the task
(Hübner & Mishra, 2013), arguing against a purely reflexive nature. Second, it has previously
been shown in the HST that suppression increases after incongruent predecessor trials,
although automatic response activation was weaker (Ridderinkhof, 2002a). Ridderinkhof
(2002a) suggested that “the presence of incorrect activation on a preceding [incongruent] trial
might tune up the level of inhibitory control on the subsequent event” (p. 514). Most likely,
also the amount of incorrect activation on the previous trial has an impact on the inhibitory
control on the subsequent event. Conclusively, we claim that suppression is related to the
amount of automatic response activation in the task generally, and especially to that on the
preceding trial.
The observation that delta functions for RT in the VST constantly increased, led to the
idea that the HST and VST differ qualitatively with respect to irrelevant response activation
(e.g., Wascher, et al., 2001). Our result of a declining delta function challenges this
hypothesis, although we cannot generally conclude that automatic response activation is
similar in both tasks. Suppression of the irrelevant response does not necessarily imply

Study 1

76

automatic response activation via the unconditional route. Indeed, there is also other evidence
for a difference in response activation between the tasks (Vallesi, et al., 2005; Vu, 2007).
Nevertheless, our delta functions for accuracy support the idea of a merely quantitative
difference between the tasks. Although in Experiment 1 the Simon effect in accuracy was
weaker for the VST than for the HST, the corresponding delta functions also decreased,
indicating that fast errors were strongly influenced by the irrelevant stimulus dimension. This
pattern is very characteristic for automatic response activation. Whether a quantitative
difference between the tasks is sufficient to explain previous results is subject to future
research. That similar mechanisms are at play in both tasks is further supported by a study
using a different conflict paradigm, the Eriksen flanker task (B. A. Eriksen & Eriksen, 1974).
Burle, et al. (2013) have shown that suppression can also occur in the flanker task, suggesting
that suppression is by no means restricted to the horizontal version of the Simon task.
The fact that response suppression in the VST takes place mainly after incongruent
trials, which usually accounts for half of all trials, explains why the overall delta functions for
RT are not declining with RT. An exception seem to be difficult VSTs, e.g., where the S-R
mapping varies randomly (Wiegand & Wascher, 2007). Obviously, a greater task difficulty
can also lead to a higher inhibitory demand.
Taken together, the present study demonstrates that response suppression can also
occur in a VST. Moreover, in a VST and a HST we found a similar modulation of the Simon
effect by previous-trial congruency. These results indicate a quantitative rather than a
qualitative difference between the two tasks.
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3 Study II
The temporal distance between irrelevant activation and
deliberate response selection determines suppression of irrelevant
activation in the flanker task

3.1

Introduction
The Eriksen flanker (B. A. Eriksen & Eriksen, 1974) and the Simon task (Simon &

Rudell, 1967) are two prominent conflict paradigms in cognitive psychology. They have in
common that the stimulus is ambiguous, and thus, often two alternative responses compete for
selection. Therefore, the tasks require a top-down solution of the conflict and so they are
frequently used to investigate cognitive control. Despite their similarities, the paradigms also
seem to differ stark (e.g., Frühholz, Godde, Finke, & Herrmann, 2011) and, consequently, it is
an important question to what extent the tasks differ according to their conflict solving
processes.
In the flanker and in the Simon task, the stimuli have two dimensions, a task relevant
and a task irrelevant dimension. The relevant dimension is comparable between the tasks; it is
a feature of the stimulus (e.g., its color or shape) which needs to be translated into the correct

Study 2

79

response (e.g., left or right button press) according to the stimulus-response (S-R) mapping
(deliberate response selection process). The tasks differ in their irrelevant stimulus dimension;
they have in common, however, that also the irrelevant dimension can activate a response
(irrelevant activation).
In the Simon task, the task irrelevant dimension is always a spatial component of the
stimulus (e.g., the target appears on the left or on the right side of a fixation cross), which
overlaps in space with one of the response options, respectively (e.g., left and right button
press). Supposedly, the spatial overlap of stimulus and response location allows quick and
automatic response activation (De Jong, et al., 1994; Kornblum, et al., 1990; Ridderinkhof,
1997).
In the flanker task, the stimulus has usually no spatial dimension as in the Simon task.
Thus, there is no such spatial overlap of the irrelevant stimulus dimension with the response
(an exception might be flanker tasks using arrows as stimuli). Instead, the irrelevant stimulus
dimension shares the same features as the task relevant dimension. I.e., a target (usually
appearing at the center of the screen) is flanked by two or more stimuli, which are also part of
the S-R mapping (e.g., the participant is supposed to respond with a left button press towards
an H and with a right button press towards an S. The target letter is then flanked by two task
irrelevant letters, either an H or an S). Thus, also the flankers can activate a response. The
irrelevant activation in the flanker task is also an automatic process (Hübner, et al., 2010;
Mansfield, et al., 2013). It has been shown, however, that irrelevant activation is faster in the
Simon than in the flanker task (Mansfield, et al., 2013).
In both tasks, there are supposedly two routes from perception to action, the fast and
automatic route, mostly driven by the task irrelevant dimension, and the slower deliberate
response selection route (De Jong, et al., 1994; Hübner, et al., 2010; Kornblum, et al., 1990;
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Ridderinkhof, et al., 1995). Both routes either activate the same (e.g., a left button press) or
opposite responses (e.g., left and right button press) and ,therefore, the trials are either
congruent or incongruent, respectively. Usually, the participants respond faster while making
fewer errors when the trial is congruent, as compared to incongruent trials. The difference in
response times (RT) and error rates between congruent and incongruent trials is the
congruency effect (also Simon effect in the Simon task) and is an indicator of the conflict
size.
To investigate cognitive control, often so-called delta functions for the latencies of
correct responses (delta functions for RT) and for accuracy are used. In the delta functions,
the congruency effect (in accuracy or RT) is plotted against the speed of the response, and
thus, they show how the effect is changing with RT. Delta function analyses for RT in the
Simon task revealed that the Simon effect is relatively large for fast responses, but then
decreases (see for example De Jong, et al., 1994), i.e., the conflict size is huge in the
beginning and the delta function has a negative slope. The reduction of the Simon effect with
time has been interpreted as a passive decay (Hommel, 1993, 1994) and/or as suppression of
the irrelevant activation (De Jong, et al., 1994; Ridderinkhof, 2002a, 2002b; Ridderinkhof, et
al., 2004). Sometimes the Simon effect even reverses with slow RT (Burle, et al., 2005;
Pratte, et al., 2010; Töbel, et al., 2014), i.e., the participants respond relatively faster on
incongruent trials when the general response speed is rather slow. The reversal of the Simon
effect indicates that the irrelevant activation is increasingly suppressed to overcome the
response selection conflict. If the suppression is relatively strong, it results in a disadvantage
on congruent trials with slow responses (as the correct response has been suppressed) and in
an advantage on incongruent trials (as here, the incorrect response has been suppressed).
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Interestingly, declining delta functions for RT are a very unique phenomenon of the
Simon task. In the flanker task, we can also find congruency effects. However, the delta
functions are increasing, instead of decreasing (e.g.Pratte, et al., 2010; Wylie, et al., 2007). It
has been suggested that the declining delta function for RT is a specific phenomenon of the
Simon task, and also only of the horizontal version of the task, i.e., when the stimuli and the
responses are laterally arranged (e.g., Pratte, et al., 2010; Wiegand & Wascher, 2005).
Consequently, it has been suggested that suppression and/or the passive decay of irrelevant
activation is only occurring in the horizontally presented Simon task (Mansfield, et al., 2013;
Pratte, et al., 2010; Wiegand & Wascher, 2005).
Recently, we could show, however, that also in a Simon task with vertically presented
stimuli and vertically arranged response buttons, suppression of irrelevant activation occurs,
broadening the relevance of suppression as a conflict solving process (Töbel, et al., 2014).
Also for the flanker task, a partly declining delta function has been shown on partial error
trials (Burle, et al., 2013), i.e., when the incorrect response has been activated shortly
(indicated by electromyographic measurements from the non-responding hand), but the
finally executed response was correct. These results strongly suggest that comparable
inhibitory mechanisms exist in the Simon and in the flanker task (Burle, et al., 2013) and
might indicate that the tasks are very similar to each other, also with regards to conflict
solving processes. Nevertheless, in the experiment of Burle, et al. (2013) suppression of
irrelevant activation in the flanker task occurred only on partial error trials, and only when
participants were instructed to act as accurately as possible without giving speed instructions.
Thus it seems as if suppression of irrelevant activation occurs under different circumstances
than in the Simon task.
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As reported above, irrelevant activation is slower in the flanker task as compared to
the Simon task (Mansfield, et al., 2013). Therefore, the differences in the delta functions
between the tasks could be related to differences in the temporal distance between the
irrelevant activation and the deliberately selected responses. Due to the fast processing of the
spatial dimension of the stimulus in the Simon task, there is a relatively larger temporal
distance of irrelevant activation and deliberately selected response as compared to the flanker
task. The suppression of the irrelevant activation needs time to build up (Ridderinkhof, 2002a;
2002b; see also Eimer, 1999), and thus, it seems reasonable to assume that suppression is not
visible in the flanker task, because a response is selected before the irrelevant activation is
suppressed significantly.
In the Simon task, it has already been shown that the temporal distance has a crucial
impact on the delta function (e.g., Baroni, Pellicano, Lugli, Nicoletti, & Proctor, 2012; Burle,
et al., 2005). When the irrelevant information is given before the target (negative stimulus
onset asynchrony; SOA for simplicity), the participants have more time to build up
suppression. Consequently, the delta function has an even more negative slope. Further, it has
been demonstrated that the difference in the delta functions of the Simon and the flanker task
could be explained by a difference in the temporal distance between the tasks in a diffusion
model analyses (Ulrich, et al., 2015). Therefore, we should be able to find declining delta
functions in the flanker task if we increase the temporal distance between automatically
induced and deliberately selected responses.
Interestingly in Mattler (2003), partially declining delta functions were already shown
in Figure 6 and 11 when manipulating the SOA. It was not reported, however, whether the
decline was significant, and moreover, the slopes of the delta functions did not differ
significantly with the length of the SOA. This would have been expected, though, when
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suppression increases with time from flanker onset. That the decline was not significantly
stronger in the conditions with longer SOA might be due to different reasons. Possibly, the
test power was simply too weak. The results could, however, also indicate that the
participants did not suppress the irrelevant activation at all (partial error trials could be an
exception). Instead, the decline might have been caused by a passive decay of the automatic
response activation. The passive decay alone would have a weaker impact on the delta
functions and would, thus, be less reliable. Nevertheless, also a passive decay should result in
a significant difference between different SOA conditions when the test power is strong
enough. Also the opposite could be possible, i.e., there is suppression in the flanker task, but
no passive decay of the irrelevant activation. Whether a passive decay exists in the flanker
task is, however, less relevant to the current study as a passive decay is not a conflict
resolving process.
The aim of our current study was to reveal hidden similarities between the Simon and
the flanker task and to demonstrate that suppression of irrelevant activation also occurs in the
flanker task and also on other than partial error trials. Therefore, we implemented two
experiments using a flanker task with different SOAs, similar to the second experiment in
Mattler (2003). Our main aim was to find declining delta functions and a significant
difference between the different SOA conditions. If the difference of suppression between the
Simon and the flanker task is due to differences in the temporal distance of the irrelevant
activation and the deliberately selected response, then we should find smaller slopes of the
delta functions with increasing SOA. In order to rule out that merely a passive decay is
causing the decline of the delta functions, we also aimed to find a reversal of the congruency
effect with slow RT, which is a typical consequence of suppression of irrelevant activation in
the Simon task (e.g., Burle, et al., 2013, see also above). Furthermore, we investigated the
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delta functions for accuracy, as a reversal of the congruency effect here can also indicate
suppression.

3.2

Experiment 1
In our first experiment we aimed to replicate previous findings, i.e., a declining delta

function in a flanker task. Therefore, we implemented a task similar to the second experiment
in Mattler (2003), using letters as stimuli, and applied three different SOAs (16 ms, 100 ms,
and 400 ms) presented in randomized order. We chose an SOA of 16 ms instead of 0 ms in
order to have a target onset in all conditions. In Mattler (2003), one third of the trials were
neutral trials, i.e., the flanker did not refer to a response, which we were not implementing, as
suppression of irrelevant activation is not reasonable on neutral trials.
For the results, we expected a greater congruency effect in the 100 ms SOA condition,
as the flankers have supposedly a competitive edge in this condition (C. W. Eriksen &
Schultz, 1979); and a small congruency effect in the 400 ms SOA condition as it has been
reported previously by Mattler (2003). Most importantly, we were inspecting the slope of the
delta functions for RT: a negative slope would indicate suppression of irrelevant activation
and/or a passive decay. The decline should increase with longer negative SOA, as the
temporal distance of task relevant and task irrelevant stimulus dimension is larger. If we can
find a reversal of the congruency effect in the delta functions for RT and/or for accuracy, then
this would indicate that the decline is (at least partly) caused by suppression of irrelevant
activation.
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3.2.1 Method
Participants. 16 participants (5 men; age range: 19-36 years, mean: 22.2 years) with
normal or corrected to normal vision took part in the experiment. All were recruited at the
University of Konstanz and were paid (8€/h) or received student credits for their participation.
Apparatus. The stimuli were presented on a 19”-monitor with a resolution of
1280×1024 pixels. A personal computer served for controlling stimulus presentation and
response registration.
Stimuli. The stimulus set consisted of the letters “H” and “S”. The height of the letters
subtended a visual angle of 1.28° at a viewing distance of 45 cm; their width was slightly
varying with the specific letter and was about 1.02°. Items were presented in white on a black
background and the target always appeared at the central position of the screen. Flankers
consisted of two copies of a letter, which were presented left and right of the target at an
eccentricity of 1.34° from the center of the screen to the center of the letter.
Procedure. Each trial started with a fixation cross presented for 400 ms, which was
followed by a blank screen for 600 ms (cue-stimulus interval) and then by the flankers.
Shortly afterwards, the target appeared at the center of the screen (16 ms, 100 ms or 400 ms
SOA). Target and flankers were then presented together for 165 ms. The participants had to
press the left mouse key for the letter “H” and the right mouse key for the letter “S” with the
index and middle finger of their right hand, respectively. The target and flankers were drawn
from a randomly chosen subsequent stimulus array. Flankers were either congruent or
incongruent in 50 % of the trials, respectively. The next trial began 800 ms after a response.
Errors were signaled by short tones.
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The participants were instructed to respond as fast and as accurate as possible. They
were instructed to respond more correctly within the experiment if they made more than 15 %
errors. After a preliminary practice session of 32 trials, the participants worked through 14
test blocks in an 1 hr and 10 min session. The blocks consisted of 96 trials, thus there were
224 congruent and incongruent trials in each condition.
3.2.2 Results
Only response times between 100 ms after target onset and 2000 ms after flanker onset
were included in the data analysis (excluding < 1% of all data).
Response times. A two-factor within ANOVA was conducted to analyze correct
reaction times with the factors congruency (congruent or incongruent) and SOA (16 ms, 100
ms, and 400 ms). The main effect was significant for both factors [congruency: F(1,15) =
65.58, p < 0.001; SOA: F(2,30) = 134.57, p < 0.001]. Mean RT were smaller on congruent
(421 ms) than on incongruent trials (454 ms); and the participants responded fastest in the 400
ms condition (400 ms), as compared to the 100 ms SOA condition (438 ms), and the 16 ms
SOA condition (474 ms). The interaction between the factors was also significant [F(2,30) =
15.17, p < 0.001]. The result indicates that the congruency effect is largest in the 100 ms SOA
condition (51 ms), medium in the 16 ms SOA condition (39 ms) and smallest in the 400 ms
SOA condition (10 ms).
Error rates. An ANOVA of the same type as for the response times was also
conducted for the error rates. The factor congruency reached significance [F(1,15) = 14.98, p
< 0.01], indicating that participants responded more correctly on congruent (6.44 %) than on
incongruent trials (9.48 %). The factor SOA was not significant [F(2,30) = 0.90, p = 0.42], but
the interaction between the two factors reached significance [F(2,30) = 13.43, p < 0.001]. The
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changes of the congruency effect were similar to the RT. It is largest in the 100 ms SOA
condition (5.51 %), medium in the 16 ms SOA condition (4.37 %), and not present in the 400
ms SOA condition (-0.77 %).

Figure 3-1: Delta functions of Experiment 1 for RT (left panel) and accuracy (right panel).

Distributional analyses.
Cumulative distribution functions (CDFs) for the latencies of correct responses and for
the error rates were computed for each congruency condition (congruent, incongruent) and
SOA condition (16 ms, 100 ms, and 400 ms) by quintile-averaging (.1, .3, .5, .7, and .9) the
corresponding data (see Ratcliff, 1979 for a detailed introduction to vincentizing). For
calculating the delta functions for a given SOA condition, i.e., the congruency effect for each
quintile, the quintile RTs and error rates for congruent trials were subtracted from those for
incongruent trials, respectively, and related to their respective mean quintile RTs.
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Response times. As can be seen in Figure 3-1, the delta function for RT is increasing in
the 16 ms, stable or slightly increasing in the 100 ms, and partly decreasing and then
increasing in the 400 ms SOA condition. The delta functions were entered into a three-factor
ANOVA for repeated measurements with the factors quintile (1-5), SOA, and congruency for
statistical analyses. Changes in the slope of the delta functions would be reflected by an
interaction of the factors quintile and congruency. Therefore, only interactions regarding the
two factors are reported.
There was a significant two-way interaction between the factors congruency and
quintile, indicating that there was a general increase in the delta functions [F(4,60) = 4.03, p <
0.01]. The three-way interaction was not significant, indicating that the slope did not differ
between the delta functions [F(8,120) = 1.32, p = 0.24].
Accuracy. A similar analysis was conducted for the delta functions for accuracy. Here
we usually have a declining delta function and the decline is stronger when the congruency
effect is relatively large in the errors. This is caused by the higher accuracy of late responses,
i.e., although the congruency effect is relatively large in the beginning, it will decrease
quickly, as later responses are selected by the outcome of a highly accurate deliberate
response selection process (e.g., Hübner, et al., 2010). Thus, if we have a significantly larger
decline in one condition, but also a significantly larger congruency effect, then the stronger
decline might be related to the larger congruency effect only. A difference in the decline is
thus only interpretable if there is no difference in the congruency effect between the
conditions. A reversal of the congruency effect in the delta functions of the error rates,
however, would be a clear sign of suppression of irrelevant activation.
A significant two-way interaction between the factors congruency and quintile
indicated that there was a decline over all delta functions for accuracy [F(8,120) = 6.52, p <
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0.001]. The three-way interaction was significant for the accuracy analysis [F(8,120) = 6.52, p
< 0.001], indicating that the decline was strongest in the 100 ms SOA conditions. The decline
was significant in each condition [16 ms SOA: F(4,60) = 9.16, p < 0.001; 100 ms SOA:
F(4,60) = 29.74, p < 0.001; 400 ms SOA: F(4,60) = 6.32, p < 0.001].
3.2.3 Discussion
The findings of the mean RT and error rates of Experiment 1 are in line with previous
results that reported larger congruency effects with negative SOA (C. W. Eriksen & Schultz;
Flowers & Wilcox, 1982; Mattler, 2003) and a smaller effect with long negative SOA
(Mattler, 2003). The congruency effect was largest in the 16 ms and smallest in the 400 ms
SOA condition for error rates and RT, respectively. The smaller congruency effect in the 400
ms SOA condition, in the RT and in the error rates could be an indicator for suppression of
irrelevant activation.
The delta functions for RT in our current experiment look different from the delta
function in Mattler (2003), except for the 400 ms SOA condition. Whereas in Mattler (2003)
the delta functions of the 0 ms and the 100 ms SOA condition are partly decreasing (at least
between the last two quintiles), our delta functions are increasing or stable. Similar to the
results of Mattler (2003), however, we could not find any significant differences in the delta
functions between the conditions. This suggests that the difference between the studies is not
remarkable either. Although the delta function decreased partly in the 400 ms SOA condition,
it did not differ from the other delta functions and the two-way interaction of the factors
congruency and quintile indicated a general increase among all delta functions.
The results of the accuracy delta functions were also rather inconclusive for the 16 ms
and the 100 ms SOA condition. Although the delta functions differed significantly between all
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conditions, this effect was confounded with the mean congruency effect in the 16 ms and in
the 100 ms SOA conditions. Therefore, we cannot conclude that suppression is responsible
for the steeper decline, which we found in the 100 ms SOA condition. The significant decline
in the accuracy delta function of the 400 ms SOA condition is remarkable, however. As the
mean congruency effect was absent in this condition, the significant decline indicates that the
effect was at first positive, then reversed, and again converged towards zero, resulting in no
congruency effect on the average. Thus, the significant decline is a first indicator for
suppression in the 400 ms SOA condition.
Suppression was nevertheless rather weak and was not visible in the latencies of
correct RT. Further, we cannot conclude that suppression of irrelevant activation is increasing
with time in the flanker task, as we found it in one condition only. This does not rule out, that
there was suppression in the other conditions as well, we cannot determine its temporal
development, however. This would be necessary, though, in order to show that suppression
increases with time after the onset of irrelevant activation, similar to the Simon task (e.g.,
Ridderinkhof, 2002a), and to support the hypothesis that the difference in the delta functions
between the Simon and the flanker task is caused by the difference in their temporal distance
of the irrelevant activation and the deliberately selected response. For more stringent results,
and thus, for a better comparison with the Simon task, it is reasonable to investigate delta
functions under conditions were we would expect stronger suppression, i.e., in a task with
higher inhibitory demands.

3.3

Experiment 2
In our first experiment, we could not show that suppression increases with the

temporal distance between the automatically induced and the deliberately selected response.
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Possibly, the reason that we could not observe a decline in the delta functions for RT was that
suppression was not strong enough. Therefore, we tried to strengthen suppression of irrelevant
activation in Experiment 2. We adopted the design of Experiment 1 and increased the task
difficulty using a four-to-two S-R mapping, which should lead to a higher inhibitory demand
of the task and should result in stronger suppression of irrelevant activation. Further,
increased suppression might also result in a reversal of the congruency effect in the latencies
of correct RT, which is sometimes observed in the Simon task (e.g., Burle, et al., 2005).
3.3.1 Method
Participants. 18 participants (6 men; age range: 18-26 years, mean: 22.1 years) were
recruited at the University of Konstanz. All had normal or corrected to normal vision and
were again paid (8€/h) for their participation or received student credits.
Apparatus. The apparatus was similar to Experiment 1.
Stimuli. The stimulus set now consisted of the letters “H”, “K”, “B”, and “S”. Stimulus
presentation was similar to Experiment 1.
Procedure. The procedure was comparable to Experiment 1. Now, the participants had
to press the left mouse key for the letters “H” and “K” and the right mouse key for the letters
“B” and “S” with the index and middle finger of their right hand, respectively. Again, there
was a practice session of 32 trials. Afterwards, the participants worked through 14 test blocks
in a 1 hr and 10 min session. The blocks again consisted of 96 trials, once more resulting in
224 trials in each condition for congruent and incongruent trials, respectively.
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3.3.2 Results
Response times. Again, only response times between 100 ms after target onset and
2000 ms after flanker onset were included in the data analysis. A two-factor within ANOVA
was conducted to analyze correct reaction times with the same factors as in Experiment 1,
congruency (congruent or incongruent) and SOA (16 ms, 100 ms, and 400 ms). The main
effect of congruency [F(1,17) = 46.96, p < 0.001] was significant, again showing that
participants responded faster on congruent trials (470 ms) as compared to incongruent trials
(490 ms). There was also a significant main effect on the factor SOA [F(2,34) = 103.40, p <
0.001], participants responded faster with larger SOA (16 ms: 509 ms, 100 ms: 476 ms, 400
ms: 455 ms). The interaction of the factors also reached significance [F(2,34) = 6.51, p <
0.01], indicating a larger congruency effect in the 100 ms SOA condition (29 ms) as
compared to the 16 ms SOA condition (23 ms) and the 400 ms SOA condition (9 ms).
Error rates. Another ANOVA of the same type as for the response times was
conducted for the error rates. Revealing a significant main effect of congruency [F(1,17) =
11.70, p < 0.01], indicating that participants performed less error prone on congruent (6.58
%) as compared to incongruent trials (8.00 %). We also found a marginally significant effect
of SOA [F(2,34) = 2.47, p = 0.10]. The interaction between the two factors reached
significance [F(2,34) = 14.81, p < 0.001], indicating a smaller congruency effect in the 100
ms SOA condition (2.83 %) compared to the 16 ms SOA condition (3.42 %), and a reversed
congruency effect in the 400 ms SOA condition (-2.02 %), which even reached significance
[F(1,17) = 17.66, p < 0.001].
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Figure 3-2: Delta functions of Experiment 2 for RT (left panel) and accuracy (right panel).

Distributional Analyses.
Response times. The distributional analyses were similar to Experiment 1. The results
are shown in Figure 3-2. There was a significant two-way interaction between the factors
quintile and congruency [F(4,68) = 15.39, p < 0.001]. Further analyses of all SOA conditions
revealed a reliable three-way interaction of quintile, congruency, and SOA [F(8,136) = 11.51,
p < 0.001], indicating that the slope differed between the different SOA conditions. There was
a significant decline in the 100 ms and the 400 ms SOA condition [100 ms SOA: F(4,68) =
7.36, p < 0.001; 400 ms SOA: F(4,68) = 28.30, p < 0.001], and an increase in the 16 ms SOA
condition [F(4,68) = 3.96, p < 0.01]. Further comparisons revealed a significant difference
between the 100 ms and the 400 ms SOA conditions [F(4,68) = 3.20, p < 0.05], indicating that
the decline was stronger in the 400 ms SOA condition.
Accuracy. Also in the accuracy delta functions, we found a significant two-way
interaction of the factors congruency and quintile [F(4,68) = 34.67, p < 0.001], indicating a
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decline among all conditions. The three-way interaction between the conditions was
significant as well [F(8,136) = 2.88, p < 0.01]. The decline was significant in all three
conditions [F(4,68) > 6.69, p < 0.001], but strongest in the 100 ms SOA condition and
weakest in the 16 ms SOA condition.
3.3.3 Discussion
The results of the mean RT were similar to Experiment 1. In the error rates, the results
differed slightly though. The congruency effect was largest in the 16 ms SOA condition,
followed by the 100 ms SOA condition. In the 400 ms SOA condition, there was a significant
negative congruency effect, possibly indicating enhanced suppression of irrelevant activation.
More evidence for suppression of irrelevant activation was visible in the delta
functions for RT. The slope of the delta functions differed significantly between the
conditions: Whereas there was a significant increase in the 16 ms SOA condition, there was a
significant decline in the 100 ms SOA condition, which was even stronger in the 400 ms SOA
condition. Most interestingly, the congruency effect even reversed in the 400 ms SOA
condition for the last two quintiles. The steep decline and the reversal of the congruency
effect strongly support the hypotheses that suppression of irrelevant activation exists in the
flanker task and that it is not occurring only on partial error trials. Because the decline was
stronger with longer SOA, we can further conclude that suppression of irrelevant activation
increases with longer temporal distance, similar to the Simon task (see for example Burle, et
al., 2005).
When considering the delta functions for accuracy, we can again find evidence for
suppression in the 100 ms and in the 400 ms, but not in the 16 ms SOA condition. Although
the mean error rate was larger in the 16 ms condition than in the 100 ms condition, the
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congruency effect in the first quintile and the decline in the delta function were stronger in the
100 ms SOA condition. Although in the 400 ms condition, there was a significant decline in
the delta function for accuracy, the effect was positive in the beginning, then reversed, and
converged towards zero with slowest responses, similar to Experiment 1.
An interesting finding of Experiment 2 was that there was no visible sign of
suppression in the 16 ms SOA condition. When considering the delta function for RT of the
100 ms SOA condition, suppression seems to start around 550 ms after flanker onset (450 ms
in the graph, as it is locked to the target onset). Thus, we would expect suppression to occur in
the 16 ms SOA condition at least in the last quintile. As can be seen in Figure 3-2, however,
the delta function is constantly increasing. The absence of suppression might be related to a
weaker inhibitory demand in the 16 ms SOA condition. We found stronger direct response
activation in the 100 ms than in the 16 ms SOA condition, indicated by the relatively stronger
congruency effect in the first quintile of the accuracy delta functions. The results suggest that
the conflict size is increased with a delayed presentation of the target, which has also been
reported previously (Wendt, Kiesel, Geringswald, Purmann, & Fischer, 2013). Thus, the
inhibitory demand is comparatively small in the 16 ms SOA condition and, possibly,
participants did not suppress irrelevant activation (strongly) in this condition, resulting in an
increasing delta function for RT.
In sum, we found clear evidence for suppression of irrelevant activation in Experiment
2 and, moreover, the findings were not restricted to partial error trials as it has been reported
by Burle, et al. (2013). Further, we could show that suppression is stronger with increasing
temporal distance between the irrelevant activation and the deliberately selected response.
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General discussion
In our current study, we aimed to demonstrate similarities between the Simon and the

flanker task by showing that the suppression of irrelevant activation (Ridderinkhof, 2002a,
2002b) occurs in the flanker task also on trials other than the partial error trials (Burle, et al.,
2013). We hypothesized that the Simon and the flanker task mainly differ according to their
temporal distance of the irrelevant activation and the deliberately selected response. The
temporal distance is naturally larger in the Simon task, as compared to that in the flanker task,
because automatic response activation is faster in the Simon task (Mansfield, et al., 2013). We
assumed that we can find suppression of irrelevant activation with an increase of the temporal
distance in the flanker task, and, therefore, manipulated the temporal distance in two different
flanker task experiments using SOA. To find evidence for increasing suppression of irrelevant
activation with longer SOA, we examined the delta functions for RT and accuracy.
The results of the mean RT and the error rates of both experiments were relatively
similar to previous findings (Flowers & Wilcox, 1982; Mattler, 2003). The congruency effect
was larger in the 100 ms SOA condition compared to the 16 ms SOA condition, and was
again reduced with long SOA, in mean RT as well as in the error rates. An exception was in
the error rates of Experiment 2. Here, we found a smaller congruency effect in the 100 ms
SOA condition than in the 0 ms SOA condition, which has not been reported previously. The
results indicate that the flankers have a competitive edge with short SOA and that the
activation due to the flankers is dissipating with long SOA. Interestingly, we could find a
significant reversed congruency effect in the error rates of Experiment 2 in the 400 ms SOA
condition, already indicating suppression in mean error rate analyses.
Further, we found evidence for suppression in the delta function for accuracy in the
400 ms SOA condition of Experiment 1: Despite a non-existing congruency effect in the
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mean error rates, the delta function declined significantly, indicating that the congruency
effect was actually first positive, then reversed, and then converged to zero with the slowest
responses. The evidence for suppression was still rather weak. Further, we could not relate the
occurrence of suppression to the temporal distance of the irrelevant activation and the
deliberately selected response, as we found it in only one condition. Also the delta functions
for RT did not differ among conditions, as it would have been expected when suppression is
constantly increasing after the onset of irrelevant activation (e.g., Ridderinkhof, 2002a).
Therefore, in order to study the importance of the temporal distance for suppression in the
flanker task, we conducted a more difficult task in Experiment 2. We hypothesized that the
increased task difficulty leads to a higher inhibitory demand and therefore to stronger
suppression.
Notably, we found a significant decline in the delta functions for RT in the negative
SOA conditions of Experiment 2. Moreover, we also found a reversal of the congruency
effect with slow responses in the delta function for RT as well as in the delta function for
accuracy in the 400 ms SOA condition. Both, the declining delta function and the reversal of
the congruency effect clearly indicate suppression in the flanker task also on trials other than
the partial error trials. On top of that, we could find that the decrease of the delta functions for
RT was stronger with longer SOA, supporting the hypothesis that the temporal distance
between the irrelevant activation and the deliberately selected response plays an important
role in the flanker task.
Our results demonstrate that suppression of irrelevant activation in the flanker task is
very similar to that in the Simon task: First, we could show that suppression can occur in the
flanker task also on trials other than the partial error trials. Second, we showed that
suppression is varying in its strength, depending on the temporal distance of the irrelevant
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activation and the deliberately selected response. Third, we could even find a reversal of the
congruency effect in the delta function for RT and accuracy as a result of sustained
suppression. These results are very similar to what has been reported in the Simon task (e.g.,
Burle, et al., 2005). According to our results, suppression merely needs more time to build up
in the flanker task as compared to the Simon task, supposedly as a consequence of the slower
automatic response activation (Mansfield, et al., 2013).
When examining the delta functions of Experiment 2, it seems as if the 16 ms SOA
condition is somewhat different from the other conditions, though. In this condition, the delta
function for RT is constantly increasing, although the delta function of the 100 ms SOA
condition suggests that suppression starts about 550 ms after flanker onset. Thus, suppression
should have occurred at least in the last quintile of the 16 ms SOA condition. This means in
effect that we could not find any evidence for suppression in this condition. The condition is,
however, most similar to the flanker task, as it is usually used in experimental studies,
suggesting that there might be no or only weak suppression in the most common form of the
flanker task.
Why should there be no suppression in the common flanker task, though? Our data
indicate that the conflict size is increased when the flankers are presented with a delay, which
has also recently been reported by Wendt, et al. (2013). In the delta function for accuracy, we
could observe in both experiments that the congruency effect was much larger in the
beginning of the 100 ms SOA condition, as compared to that in the 16 ms SOA condition.
This clearly indicates that the automatic response activation through the flankers is stronger
when the target is not presented (almost) simultaneously.
In the flanker task, the size of the conflict can be reduced via filtering beforehand
(e.g., Hübner, et al., 2010). The simultaneous presentation of target and flankers could
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increase the participants’ ability to filter the irrelevant activation, as they can focus on the
target. There is also another characteristic which is special in the common flanker task: When
all stimuli are presented simultaneously, then, at the same time as the flankers activate a
response, the target also is activating a response automatically (Hübner, et al., 2010). Whether
the automatic activation is mainly driven by the target, or by the flankers depends on the
strength of the filter. Therefore, suppression might be unnecessary with a strong filter.
In conclusion, our results suggest that the Simon and the Eriksen flanker task are
similar according to suppression of irrelevant activation. In both tasks suppression can be
manipulated with an increase of the temporal distance of the irrelevant activation and the
deliberately selected response. However, both tasks also differ in their most common form.
We suggest that selective suppression is only weak or even not existing at an SOA of 16 ms in
the flanker task, as the conflict is weaker from the beginning and can possibly be resolved
sufficiently through filtering.
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4 Study III
Differentiation between automatic response activation driven by
the target and by the flankers is necessary for suppression in the
flanker task

4.1

Introduction
In cognitive psychology, congruency paradigms are often used to investigate cognitive

control. For paradigms, such as the Simon (Simon & Rudell, 1967) and the Eriksen flanker
task (B. A. Eriksen & Eriksen, 1974), it is characteristic that often two opposed responses
compete for selection. Cognitive control is necessary to resolve this response selection
conflict; it is, however, not one unitary mechanism. It seems as if completely independent
processes can be involved in cognitive control and which process is actually sufficient to
resolve the conflict depends on the task. Thus, it is an interesting question which conflict
resolving process occurs under what circumstances.
In the flanker task, for instance, the filtering of irrelevant stimulus information during
stimulus processing is an important mechanism to reduce the response selection conflict
before it can arise (C. W. Eriksen & Schultz, 1979; C. W. Eriksen & St. James, 1986; Hübner,
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et al., 2010; LaBerge & Brown, 1986). During this task, participants are supposed to respond
to one, usually centrally presented target, with one out of two responses (e.g., left or right
button press). The difficulty of the task is that the target is not presented solely, but with at
least two more identical stimuli, which are also part of the stimulus-response (S-R) mapping
(e.g., the participant is supposed to press a left button, when the letter “H” is presented
centrally and with a right button to the letter “S”, the target is then flanked by two letters,
which are also either an “S” or an “H”). As the flankers are also part of the S-R mapping, they
can automatically activate a response (e.g., Hübner, et al., 2010; Mansfield, et al., 2013).
When the target and the flankers are referring to the same response, the stimulus is congruent
and participants usually respond fast and highly accurate. On incongruent trials, i.e., when the
target and the flankers are referring to opposed responses, a response selection conflict arises
and the participants generally respond slower and less accurate. The difference in speed and
accuracy between congruent and incongruent trials is the so-called congruency effect.
In the flanker task, the stimuli can activate a response via two different ways (Hübner,
et al., 2010): There is a fast and erroneous response selection process, which relies on early
stimulus selection, and a slow and reliable response selection process which relies on a late
stimulus selection process. The early stimulus selection process is sensitive to all stimuli.
Sensory filtering, however, can strengthen the information transferred from the target, and
thus, it strengthens the automatic response activation driven by the target. The automatic
irrelevant response activation by the flankers (irrelevant activation) has always some impact
on the fast responses. The late stimulus selection process is highly accurate and, as soon as it
is completed, drives the slower responses. Due to the high accuracy of the late stimulus
selection process, the slow responses, based on this process, are usually correct. Whether
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early and late stimulus selection are two discrete processes or whether it is one gradually
improving process is still under debate (Hübner & Töbel, 2012; White, et al., 2011).
Interestingly, filtering, which can improve the accuracy of fast responses in the flanker
task, seems to be less relevant in the Simon task (see for example Hübner & Mishra, 2013 or
Mishra, 2015 for a debate on filtering in the Simon task). Here, a comparable process is
occurring after a conflict has been detected on a previous trial (e.g., Stürmer, et al., 2002). The
Simon task is relatively similar to the flanker task: also two different dimensions of the
stimulus can either activate the same or opposed responses, and thus, there are congruent and
incongruent trials (De Jong, et al., 1994; Hommel, 2011; Kornblum, et al., 1990;
Ridderinkhof, 1997). Different to the flanker task, however, the irrelevant dimension of the
stimulus in the Simon task is a spatial dimension which can activate a response especially fast
(Mansfield, et al., 2013). The task relevant dimension, on the other hand, has to be translated
into the correct response in a deliberate selection process, which is equivalent to the late
response selection process that relies on late stimulus selection in the flanker task.
An important conflict resolving process in the Simon task is the suppression of the
irrelevant activation by the spatial dimension of the stimulus (Burle, et al., 2005; De Jong, et
al., 1994; Ridderinkhof, 2002a; Ridderinkhof, et al., 2004). Suppression of the irrelevant
activation becomes visible in a reduced Simon effect with increased response time (RT) in so
called delta functions for the latencies of correct responses (delta functions for RT; De Jong,
et al., 1994; Ridderinkhof, 2002a; Ridderinkhof, et al., 2004). The slope of the delta function
for RT indicates changes in the size of the congruency effect; e.g., when the effect decreases
with time, it is reflected in a negative slope. In the delta functions for accuracy, which are
usually declining and drifting towards zero with slow RT, suppression can also be observed in
a particular strong decline or even in a reversal of the congruency effect (e.g., Töbel, et al.,
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2014). Further, the size of the congruency effect in the beginning of the delta function for
accuracy is an indicator of the amount of direct response activation (Ridderinkhof, 2002b).
The larger the congruency effect is in the beginning, the stronger is the automatic response
activation.
A decline in the delta functions for RT is usually not visible in the flanker task;
instead, the congruency effect is rather constantly increasing, which is reflected in a positive
slope of the delta function. This effect could indicate that there is no suppression of the
irrelevant activation in the flanker task. Recently, however, Burle, et al. (2013) could show
that suppression of the irrelevant activation also occurs in the flanker task, but only on partial
error trials (i.e., when an error was almost executed, as indicated by electromyography
activity recorded from the non-responding hand). Interestingly, this effect was further limited
to the participants’ instruction to respond as accurately as possible. Under the instruction to
respond as fast as possible, participants did not suppress the irrelevant activation at all. This
raises the question why suppression is much stronger in the Simon than in the flanker task.
In a recent study (Töbel & Hübner, in preperation), we could show that suppression
occurs in a flanker task when the temporal distance between target and flanker perception is
increased using a negative stimulus onset asynchrony (for simplicity referred to as SOA,
instead of negative SOA), i.e., the flankers are presented before the target. Due to the SOA,
the temporal distance of the irrelevant activation by the flankers and the response activation
by the target was manipulated. The data as well as articles on temporal distance in the Simon
task (Baroni, et al., 2012; Burle, et al., 2005) show that suppression strongly depends on the
temporal distance between the automatically induced and the deliberately selected response.
The temporal distance in the Simon task is naturally larger as compared to that in a
flanker task. The spatial dimension of the stimulus can supposedly prime a response fast via
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an unconditional route (e.g., Kornblum, et al., 1990; Mansfield, et al., 2013). This response
priming is faster than the deliberately selected response. In the flanker task, however, the
flankers cannot prime a response equally fast as they do not overlap in space with one of the
response options and the response translation process is conditioned by the S-R mapping
(Mansfield, et al., 2013). As suppression needs some time to build up and starts only after the
irrelevant response has already been activated (e.g., Ridderinkhof, et al., 2004), suppression
must occur later in the flanker than in the Simon task. That a difference in the temporal
distance could be sufficient to account for differences in the delta functions, has also recently
been demonstrated in a diffusion model analysis (Ulrich, et al., 2015). Possibly, the difference
in the temporal distance is the main reason why we cannot find suppression of irrelevant
activation in the flanker task in its most common form, i.e., when all stimuli are occurring at
the same time (from now on referred to as the common flanker task).
However, there are also other differences between the flanker and the Simon task,
especially with regard to early stimulus processing: In the flanker task, when all stimuli are
presented simultaneously, also the target can automatically activate a response at
approximately the same time as the flankers. This is different to the Simon task: Although
there should be some response activation by the target through early stimulus selection in the
Simon task as well, we can assume that the direct response priming by the spatial dimension
is dominant and much faster. Therefore, we can neglect this early weak response activation by
the task relevant stimulus dimension. In the flanker task, however, the simultaneous
processing of the target and the flankers could have two different effects on early stimulus
processing: First, the simultaneous stimulus presentation could result in an advantage in
filtering. Second, due to the simultaneous response activation, the identification of the source
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of the stimuli might be impaired, i.e., the participant cannot differentiate between target and
flankers easily. Both ideas shall now be discussed in more detail.
As already contemplated above, filtering can enhance the information received by the
target and reduce the processing of the flanker information. As a matter of fact, a strong filter
can even give the target a head start, and thus, early selection can drive fast and accurate
responses. Therefore, suppression of irrelevant activation is possibly not important for a good
performance. Participants might prefer to reduce the response selection conflict via filtering
instead. Suppression of irrelevant activation would then merely be applied when the filter is
not sufficiently strong enough to further reduce the response selection conflict. This
hypothesis would also be in line with the results of Burle, et al. (2013), who reported
suppression on partial error trials in the flanker task only under accuracy instructions, not
under speed instructions. Possibly, when the participants’ performance was good-enough
under speed instructions, then there was no reason for them to invest more effort in order to
achieve a higher accuracy. In a nutshell, we suggest that suppression of irrelevant activation is
a rather effortful conflict reducing process, which is only adopted when a good-enough
accuracy criterion cannot be met with the, hypothetically simpler, filtering process alone.
Two conclusions can be derived from this filtering hypothesis: First, if the
participants’ ability to filter is strengthened, then suppression of irrelevant activation should
be reduced in a condition where we can usually find suppression, e.g., in a flanker task with
SOA. Second, when participants are highly motivated to avoid errors, then we should find
suppression also in the common flanker task in all trials (i.e., not only on partial error trials).
The second argument is, however, questioning the simple idea that suppression is
more difficult than filtering: As it has been suggested above, the identification of the source of
automatic response activation might be impaired due to the simultaneous presentation of
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target and flankers. If the information of the target and the flankers are both presented at the
same time, then both are also activating a response approximately at the same time (Hübner,
et al., 2010). Possibly, the participants cannot differentiate whether the response activation is
actually driven by the flankers or by the target. According to this idea, the irrelevant
activation driven by the flankers cannot be selectively suppressed and the participants could
only suppress all automatically activated responses together. Therefore, also the target would
be suppressed on each trial and suppression would be unreasonable, unless the flankers have a
head start in processing or are very dominant.
We again can derive two different conclusions from this source identification
hypothesis: First, we should find suppression of irrelevant activation whenever it is easier to
differentiate between target and flankers; second, suppression should hardly occur in the
common flanker task even if the participants are highly motivated to avoid errors.
The aim of the current study was to investigate whether the filtering hypothesis, or the
source identification hypothesis, or both can explain the absence of suppression in the
common flanker task. Thus, we conducted three experiments: testing the impact of the ability
to filter (Experiment 1), the motivation to avoid errors (Experiment 2), and the ability to
differentiate between target and flankers easily on suppression (Experiment 3).

4.2

Experiment 1
The great ability to filter the information of the task irrelevant stimulus dimension is

an advantage in the flanker task as compared to the Simon task. When the flankers are
presented before the target, however, then the flankers do not only have a head start, but
filtering might also be impaired (Töbel & Hübner, in preperation). Possibly, this effect is
related to the very low perceptual load (two flankers presented alone) which weakens early
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filtering processes (Lavie, 1995). Further, when a stimulus appears suddenly on the screen, it
automatically captures the participants attention (see Yantis & Jonides, 1996 for an
overview). Thus, when nothing is presented in the center of the screen next to the flankers, the
attention is automatically caught by the flankers and the flankers only. When presenting the
target or some other stimulus in the center, this effect should be reduced.
We aimed to increase the filtering ability of the participants via the presentation of a
small plus along with the flankers before the target was presented. We chose an SOA of 200
ms which resulted in strong suppression of irrelevant activation in pre-studies, and either
presented a plus or an empty space along with the flankers before target presentation. We
hypothesized that the presentation of the plus would increase the participants’ ability to filter
the information of the flankers. Therefore, we expected a smaller congruency effect in the
beginning of the delta functions for accuracy in the plus-condition. Critically, if the strength
of the filter is related to the amount of suppression, we would further expect weaker
suppression of irrelevant activation in the plus-condition.
4.2.1 Method
Participants. 10 participants (2 men; age range: 19-35 years, mean: 23.4 years) were
recruited at the University of Konstanz. All had normal or corrected to normal vision.
Participants were paid (8€/h) or received student credits for the experiment.
Apparatus. For stimulus presentation, a 19”-monitor with a resolution of 1280×1024
pixels was used. The presentation of the stimuli and the registration of the responses were
controlled by a personal computer.
Stimuli. The stimulus set consisted of the letters “H”, “K”, “B” and “S” which were
presented in white on a black background. The viewing distance of the participants was 45 cm
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from the screen. The letters height subtended a visual angle of 1.28° and their width was
about 1.02°, slightly varying with the specific letter. The plus subtended a visual angle of
0.89°. The flankers were presented left and right to the center of the screen at an eccentricity
of 1.34° and consisted of two copies of a letter.
Procedure. Every trial started with the presentation of a fixation cross for 400 ms,
followed by a blank screen for 600 ms (cue-stimulus interval). Afterwards, the flankers were
presented blockwise, either with an empty space or with a plus sign at the center of the screen.
The order of the blocks was alternating and the starting block was randomized between
subjects. After 200 ms, the target was presented at the center of the screen, along with the
flankers. When a plus sign was presented afore, it was replaced by the target. In the other
blocks, the target simply appeared at the center of the screen. When the central letter was an
“H” or “K”, the participants had to press the left mouse key with their index finger of their
right hand and the right mouse key with their middle finger of their right hand for the letter
“S” or the letter “B”. The target and flankers were presented together for 165 ms. They were
randomly chosen from a subsequent stimulus array and the flankers were either congruent or
incongruent in 50 % of the trials, respectively. The next trial began 800 ms after the response
was given. Participants were instructed to respond as fast and as accurately as possible. Errors
were signaled by short tones.
After 32 practice trials of each condition (the order of the practice trials was
randomized among participants), the participants worked through 20 test blocks in a 1 hr and
10 min session. The blocks consisted of 64 trials; thus, there were 320 trials in each condition
(congruent and incongruent with the plus sign – simple filter condition; congruent and
incongruent with an empty center – difficult filter condition).
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4.2.2 Results
Response times. Only correct responses between 100 and 2000 ms after stimulus onset
were included in the analyses. A two-factor within ANOVA was conducted to analyze correct
RT with the factors congruency (congruent, incongruent) and filter (simple, difficult). There
was a significant main effect of congruency [F(1,9) = 35.09, p < 0.001; participants responded
faster on congruent (386 ms) than on incongruent trials (432 ms)]. The factor filter was almost
significant [F(1,9) = 3.86, p = 0.08]: the participants responded slower in the simple filter
condition (411 ms) than in the difficult filter condition (404 ms). The interaction of the factors
was not significant [F(1,9) = 2.75, p = 0.13].
Error rates. The mean error rate was 9.64 %. An ANOVA of the same type as for the
response times was conducted for the error rates. It revealed a significant main effect of
congruency [F(1,9) = 24.50, p < 0.001; participants responded more accurate on congruent
trials (5.41 %) than on incongruent trials (13.88 %)]. The effect of filter was not significant
[F(1,9) < 1]. Also the interaction between the two factors was not significant [F(1,9) = 2.72, p
= 0.13].
Distributional analyses.
For calculating the delta functions for RT, the cumulative distribution functions were
computed for the latencies of correct responses for each congruency condition (congruent,
incongruent) and filtering condition (simple, difficult) separately by quintile-averaging (.1, .3,
.5, .7, and .9) the corresponding data (see Ratcliff, 1979 for a detailed introduction to
vincentizing). For the calculation of the delta functions for accuracy, the conditional accuracy
functions were calculated for each condition by quintile averaging the RTs and the accuracy,
respectively. For calculating the delta functions for a given filter condition, i.e., the
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congruency effect for each quintile, the quintile RTs and error rates for congruent trials were
subtracted from those for incongruent trials, respectively, and related to the respective mean
quintile RTs. Delta functions for RT (left panel) and accuracy (right panel) are shown in
Figure 4-1.

Figure 4-1: Delta functions for the latencies of correct responses (left panel) and for accuracy (right
panel) of the SOA flanker task of Experiment 1.

Response times. As can be seen in Figure 4-1 (left panel), the delta function for RT is
declining, independently of the factor filter. A three-factor ANOVA for repeated
measurements with the factors quintile (1-5), congruency and filter was conducted for
statistical analyses. Changes in the slope of the delta functions would be reflected by an
interaction of the factors congruency and quintile. Thus, only interactions regarding these
factors are reported.
There was a significant interaction between the factors congruency and quintile
[F(4,36) = 13.63, p < 0.001], indicating an overall decline in both delta functions. We found
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no interaction between all factors [F(4,36) < 1], indicating that the decline in each effect
function does not vary with the factor filter.
Accuracy. A similar analysis was conducted for the accuracy delta functions. There
was a significant decline in both effect functions [F(4,36) = 38.81, p < 0.001]. Also the threeway interaction reached significance [F(4,36) = 3.89, p < 0.01], indicating that the decline
varied with the factor filter. This effect is caused by the weaker congruency effect in the first
quintile of the simple filter condition. When comparing the last four quintiles only, the effect
vanished [F(3,27) < 1]. We tested the first bin separately for a difference in the congruency
effect using a one-sided t-test analysis, as an effect of filtering should reduce the congruency
effect in the plus condition. The congruency effect did not differ significantly between the
conditions [t(9) = 1.66, p = 0.07]. There was a clear trend, however.
4.2.3 Discussion
We found a tendency in the results that the participants filtering ability was indeed
strengthened in the simple filter condition. Although the effect was not significantly different
between the first quintiles of the accuracy delta functions, there was a clear trend in the
congruency effect which was smaller in the simple filter condition. This effect could also be a
side effect of the generally slower responses in the simple filter condition; though, the
congruency effect in the accuracy delta functions is quickly declining and approaching zero
with the slowest RTs, i.e., the congruency effect is smaller with slower RTs. Nevertheless, the
delta function for RT shows a stable weaker congruency effect in all quintiles in the simple
filter condition than in the difficult filter condition (see Figure 4-1, left panel). This smaller
congruency effect across quintiles would be expected when the participants filtering ability is
strengthened.
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Clearly, suppression of irrelevant activation was equally strong in the simple filter
condition as it was in the difficult filter condition, violating the predictions of the filtering
hypothesis. The absence of an effect on suppression in the simple filter condition could be a
first indicator that suppression is not related to the participants’ ability to filter. The large
error rates and their similarity in the conditions show, however, that the task was rather
difficult, independent of the participants’ ability to filter. Therefore, suppression of irrelevant
activation was possibly reasonable for participants in both conditions to improve their
accuracy.
We decided against further investigating the impact of the participants’ ability to filter
using flanker tasks with SOA, as these tasks are usually inducing a relatively strong response
selection conflict (e.g., Töbel & Hübner, in preperation; Wendt, et al., 2013). We preferred to
investigate the influence of the motivation to avoid errors in a common flanker task in
Experiment 2 to further test the filtering hypothesis.

4.3

Experiment 2
As already contemplated above, filtering can enhance the information received by the

target (e.g., Hübner, et al., 2010). We hypothesized that suppression is not used as cognitive
control when the filter can be applied with sufficient strength to reduce the response selection
conflict beforehand. Supposedly, the participants prefer not to suppress the automatically
induced response when their performance matches a subjectively good-enough criterion.
More precisely, as long as the participant is satisfied with his or her performance, he or she
will not reduce the response selection conflict further via suppression of the irrelevant
activation. Therefore, suppression should only occur whenever the filter is too weak to
prevent a (strong) response selection conflict and, as a consequence, the participants’
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performance falls below their good-enough criterions. Indeed, there is some evidence that
suppression occurs in the flanker task when an error was almost executed (Burle, et al., 2013),
but only on accuracy instructions, not on speed instructions. The results possibly indicate that
participants prefer to reduce the response selection conflict via filtering and that suppression
is merely used when the filter is not sufficiently strong to match their good-enough criterions.
We conducted a relatively difficult flanker task and motivated the participants to
respond as correctly as possible via error punishment to investigate the filtering hypothesis.
Critically, if we can find suppression of irrelevant activation, this would be a strong support
for the filtering hypothesis. In contrast, if participants should not suppress the irrelevant
activation, then the results would rather support the source identification hypothesis, claiming
that participants cannot selectively suppress the irrelevant response activation driven by the
flankers.
4.3.1 Method
Participants. 27 participants (7 men; age range: 18-28 years, mean: 22.5 years) with
normal or corrected to normal vision were again recruited at the University of Konstanz.
Participants were paid up to 10 € or received student credits and could earn up to 2 €
additionally. Payment varied with the number of errors of the participants. They were
punished for error performance: for each percent of error, they received 10 Cents less for their
participation in the study, with a maximum fee of 10 €. E.g., with an error rate of 5% the
participant would have received 9.50 € or 1.50 € and student credits for his or her
participation.
Apparatus, stimuli, and procedure were similar to the difficult-filter condition of
Experiment 1, except for the SOA: all stimuli were now presented at the same time for 165
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ms. The S-R mapping also differed slightly to make the task more difficult. The participants
were supposed to respond to the letter H and S with a left mouse button press and to the
letters B and K with a right button mouse press with their index finger and their middle finger
of their right hand, respectively. Thus, participants could not map the “round-shaped” letters
(B and S) to one button and the “straight-line-shaped” letters (H and K) to the other button, as
in the previous experiment. The participants were informed that they will get paid depending
on their achievement.
After a practice block of 64 trials, the participants worked through 20 test blocks in a 1
hr and 10 min session. The blocks again consisted of 64 trials, resulting in 640 trials in each
condition (congruent and incongruent).
4.3.2 Results
Response times. Again, only correct responses between 100 and 2000 ms after
stimulus onset were included in the analyses. A one-way ANOVA with the factor congruency
(congruent, incongruent) revealed a significant main effect of congruency [F(1,26) = 237.11,
p < 0.001]. Participants responded faster on congruent (524 ms) than on incongruent trials
(555 ms).
Error rates. The mean error rate was very low at 2.13 %. For the error rates, another
two-factor ANOVA of the same type as for the response times was conducted. Again, there
was a significant main effect of congruency [F(1,26) = 20.03, p < 0.001], indicating that
participants responded more accurate on congruent trials (1.56 %) than on incongruent trials
(2.71 %).
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Figure 4-2: Delta functions for the latencies of correct responses (left panel) and for accuracy (right
panel) of the difficult flanker task of Experiment 2.

Distributional analyses.
Delta functions for RT (left panel) and accuracy (right panel) are shown in Figure 4-2.
Response times. As can be seen in Figure 4-2 (left panel), the effect function increased
constantly. We conducted a two-factor ANOVA for repeated measurements with the factors
quintile and congruency. A significant two-way interaction of quintile and congruency
revealed a significant increase of the delta function [F(4,104) = 17.76, p < 0.001].
Accuracy. A similar analysis as for the RT delta function was also conducted for the
accuracy delta functions. We found a significant decline in the effect function [F(4,104) =
14.70, p < 0.001].
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4.3.3 Discussion
In our second experiment, we could not find any evidence for suppression. This was
somewhat surprising, as the participants were responding very slowly, which would have
given suppression even more time to build up (Ridderinkhof, et al., 2004). Further, the low
error rate indicates that participants were indeed highly motivated to avoid errors. The results
possibly show that filtering is not the preferred response conflict resolving process because it
is easier than suppression of irrelevant activation. Instead, the differentiation between the
automatic response activation driven by the target and by the flankers could be necessary for
selective suppression of irrelevant activation to occur.
The low error rate demonstrates, however, that participants were performing on an
excellent level, using a strong filter only. I.e., suppression was not necessary for them to keep
up their good performance. Therefore, we can neither reject the filtering hypothesis, nor
conclude that the source identification hypothesis is supported by our results. Thus, we
conducted another experiment to investigate the source identification hypothesis in
Experiment 3.

4.4

Experiment 3
In Experiment 3, the impact of the ability to differentiate between automatic response

activation driven by the target and by the flankers on suppression was investigated. We
conducted an experiment in which we varied the participants’ ability to differentiate between
target and flanker via gestalt perception. The participants were responding to the target, which
was blockwise either flanked by two flankers or was surrounded by four flankers in the gestalt
of a diamond. When the flankers form a separate gestalt (i.e., not integrating the target), then
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the participants ability to differentiate between target and flankers is enhanced (Baylis &
Driver, 1992).
If we can find suppression in the gestalt task (gestalt task), but not in the common twoflanker condition (common task), then this would strongly support the source identification
hypothesis. We further planned a comparison of the gestalt task with the results of
Experiment 2. When participants show stronger suppression in the gestalt task than in the
relatively more difficult task of Experiment 2 where participants were highly motivated to
avoid errors, this would indicate even more that suppression depends on the source
identification of the irrelevant activation and not on the ability to filter.
4.4.1 Method
Participants. 19 participants (3 men; age range: 19-33 years, mean: 22.6 years) were
recruited at the University of Konstanz and had normal or corrected to normal vision.
Participants were again paid (8€/h) or received student credits.
Apparatus, stimuli, and procedure were similar to the second experiments, except that
the stimuli were now either flanked by two or four flankers. In the two-flanker condition, the
stimuli were presented similar to Experiment 2. In the four-flanker condition, two flankers
were presented to the left and to the right of the target (similar to Experiment 2) and two
above and below the target, with an eccentricity of 1.65°. The S-R mapping was again easier,
similar to Experiment 1.
The flanker number differed blockwise; 10 participants started with the two-flanker
condition (common task) and 9 with the four-flanker condition (gestalt task). There were 32
practice trials before each condition. Afterwards, the participants worked through 13 test
blocks per condition in a 1 hr and 20 min session. The blocks again consisted of 64 trials;
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thus, there were 416 trials in each condition (common task congruent and incongruent; gestalt
task congruent and incongruent).
4.4.2 Results
Response times. Again, only correct responses with latency between 100 and 2000 ms
after stimulus onset were included in the analyses. A two-factor within ANOVA was
conducted with the factors congruency (congruent, incongruent) and task (common, gestalt).
There was a significant main effect of congruency [F(1,18) = 43.50, p < 0.001; participants
were faster on congruent (453 ms) than on incongruent trials (479 ms)], but no effect of task
[F(1,18) < 1]. Also, the interaction was not significant [F(1,18) < 1].
In order to compare the results from the Gestalt task with the difficult task of
Experiment 2, we conducted a two-factor ANOVA with the within-participants factor
congruency and the between-participants factor task (difficult, gestalt; only results related to
the factor task are reported). The results revealed a significant main effect of task [F(1,44) =
13.04, p < 0.001], indicating that participants responded faster on the gestalt task (467 ms)
than on the difficult task (539 ms). The interaction did not reach significance [F(1,44) = 2.50,
p = 0.12], suggesting that the congruency effect was relatively similar in both tasks.
Error rates. The mean error rate was 8.83 %. For the error rates, another ANOVA of
the same type as for the response times was conducted. Again, there was a significant main
effect of congruency [F(1,18) = 81.76, p < 0.001; participants responded more accurate on
congruent trials (6.34 %) than on incongruent trials (11.31 %)], but not of task [F(1,18) < 1].
Also the interaction failed to reach significance [F(1,18) = 2.57, p = 0.13].
Another two-factor ANOVA with the within-participants factor congruency and the
between-participants factor task was conducted for comparison of the gestalt task with
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Experiment 2. There was a significant main effect on the factor task [F(1,44) = 85.42, p <
0.001], indicating that participants performed better in the difficult task (2.13 %) than in the
gestalt task (8.63 %). Also, the interaction between the factors was significant [F(1,44) =
24.49, p < 0.001], revealing that the congruency effect was larger in the gestalt task (4.39 %)
than in the difficult task (1.15 %).
Distributional analyses.
Delta functions for RT (left panel) and accuracy (right panel) are shown in Figure 4-3.
Response times. As can be seen in Figure 4-3 (left panel), the effect functions are very
similar between the conditions, except for the last quintile. Suppression seems to be stronger
in the gestalt task. We conducted a three-factor ANOVA for repeated measurements to test
this difference for significance, including the factors quintile, congruency, and task. Again,
changes in the slope of the effect functions would be reflected by an interaction of the factor
congruency with the factor quintile.
There was a significant increase in the effect functions [F(4,72) = 9.14, p < 0.001].
Most interestingly, also the three-way interaction of the factors quintile, congruency, and task
was significant [F(4,72) = 5.87, p < 0.001], indicating that the effect functions differ
depending on the task, and that suppression is stronger in the gestalt task.
We compared the results from the gestalt task with Experiment 2 in a three-factor
ANOVA with the within-participants factors congruency and quintile and the betweenparticipants factor task. The three-way interaction was significant [F(4,176) = 3.98, p < 0.01],
indicating that the slope differed between the effect functions. This suggests that suppression
was stronger in the gestalt task than in the difficult task of Experiment 2.
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Figure 4-3: Delta functions for the latencies of correct responses (left panel) and for accuracy (right
panel) of the common flanker task and the gestalt flanker task of Experiment 3.

Accuracy. The same analysis was conducted for the accuracy delta functions. There
was a significant decline in the effect functions [F(4,72) = 26.27, p < 0.001], but no three-way
interaction [F(4,72) < 1], indicating that the decline did not vary between the gestalt and the
common task.
Another ANOVA for comparisons of the gestalt task with the difficult task of
Experiment 2 was conducted, again using the within-participants factors quintile and
congruency and the between-participants factor task. The three-way interaction was
significant [F(4,176) = 8.98, p < 0.001], indicating that the decline was steeper in the effect
function of the gestalt task, than in the difficult task of Experiment 2.
4.4.3 Discussion
The results of Experiment 3 clearly show that participants suppressed the
automatically induced response in the gestalt task, but not in the common flanker task.
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Interestingly, the suppression of irrelevant activation did not affect the participants’
performance significantly, suggesting that suppression was not important to improve the
participants’ performance in this relatively easy task. Further, given their weak motivation to
avoid errors in Experiment 3 compared to Experiment 2, it was interesting that we found
stronger suppression in the gestalt task of Experiment 3 than in the flanker task of Experiment
2. This was even more exceptional as the participants responded much faster than in
Experiment 2, which would give suppression even less time to build up (Ridderinkhof, et al.,
2004). That suppression occurs in a relatively easy task without a strong motivation to avoid
errors, strongly argues against the filtering hypothesis, i.e., that filtering is easier than
suppression and that suppression of irrelevant activation is applied only when the filter is not
strong enough. Further, the results strongly support the source identification hypothesis,
stating that the differentiation between the information received from the target and the
information received from the flankers is important for suppression to occur.

4.5

General discussion
In our current study, we aimed to investigate the boundary conditions for suppression

of irrelevant response activation (e.g., Ridderinkhof, et al., 2004) to occur in the flanker task.
We could show in a recent study (Töbel & Hübner, in preperation) that suppression of
irrelevant activation occurs when the temporal distance between automatically activated and
deliberately selected response is increased, using SOA. However, suppression of irrelevant
activation usually does not occur in the most common form of the flanker task, i.e., when all
stimuli are presented simultaneously. An exception was reported for partial error trials (Burle,
et al., 2013). We suggested two hypotheses to explain why suppression hardly occurs in the
common flanker task, the filtering hypothesis and the source identification hypothesis.
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The filtering hypothesis suggests that filtering is relatively easier than suppression and
is, therefore, preferred as a conflict reducing process whenever it is possible to filter the
flanker information easily. This is usually the case in the common flanker task, but not when
the target is presented with a delay. The source identification hypothesis, on the other hand,
claims that the participants’ ability to suppress irrelevant activation is impaired unless he or
she can identify the source of the information being processed. I.e., when target and flankers
are presented at the same time, the participants process the information of both sources in
parallel (Hübner, et al., 2010) and the response activation driven by the target and by the
flankers cannot be differentiated from each other easily. Thus, selective suppression of the
activation driven by the flankers might be impaired. When the flankers are presented before
the target, as in an SOA flanker task, the information of the flankers is processed earlier and
can, thus, easily be differentiated from activation originating from the target.
In Experiment 1, we investigated whether suppression is reduced in an SOA flanker
task when the participants’ ability to filter is strengthened, as it would be predicted by the
filtering hypothesis. We found strong suppression of irrelevant activation in both conditions,
which did not vary with the participants’ ability to filter. The results were, however, not
clearly indicating that the participants’ ability to filter was improved. Further, the response
selection conflict was also strong in the simple filter condition, as indicated by a large error
rate. Thus, suppression of irrelevant activation seemed reasonable in both conditions.
Therefore, we could neither reject the filtering hypothesis nor was it supported by the results
of Experiment 1. We conducted another experiment in order to investigate the filtering
hypothesis in a different paradigm. Similarly to the first experiment, we could not find
evidence for the filtering hypothesis in Experiment 2: When the task was relatively difficult
and the participants were highly motivated to avoid errors, we assumed that participants
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would use all their resources to improve their accuracy and would not only filter the
information of the flankers, but also suppress the irrelevant activation. Contrarily, the results
showed that participants were filtering only and did not suppress the irrelevant activation, or
at least they did not suppress the irrelevant activation strong enough to influence the slope of
the delta function significantly. The great performance of the participants left it unclear,
though, whether the participants simply preferred to filter the irrelevant information or
whether it was too difficult for them to selectively suppress the response activation driven by
the flankers and that they had to put extra effort in filtering instead.
In Experiment 3, we investigated the source identification hypothesis using a gestalt
flanker task. The results clearly indicated that source identification is important for
suppression to occur: Participants were suppressing stronger when it was easier for them to
differentiate between the target and the flankers through gestalt perception. Moreover, the
delta function of the gestalt task differed significantly from the delta function of the flanker
task of Experiment 2. This indicates that participants suppressed the irrelevant activation
stronger in the gestalt task, although participants in Experiment 3 were less motivated to
avoid errors, the task was relatively easier, and participants were responding faster – giving
suppression even less time to build up (Ridderinkhof, et al., 2004).
Although the filtering hypothesis could have been supported by the result of
Experiment 2, which infers that participants were able to perform on an excellent level
without (strong) suppression, the results of Experiment 3 argue against this hypothesis:
Participants immediately suppressed the irrelevant activation when it was relatively easier for
them to differentiate between the different sources of response activation, also without the
motivation to avoid errors in particular. Thus, we can conclude that the identification of the
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source of the activation is important for suppression to occur, which explains the absence of
suppression of irrelevant activation in the common flanker task.
Our results may even suggest that suppression is impossible in the common flanker
task. In the experiment of Burle, et al. (2013), however, suppression occurred on partial error
trials also in the common flanker task, suggesting that suppression of irrelevant activation is
possible also when all stimuli are presented simultaneously. Suppression of the irrelevant
activation occurred relatively late in this experiment, specifically when an error was almost
executed. Possibly, participants can only suppress the irrelevant activation after the target has
been categorized, i.e., after the late stimulus selection process (Hübner, et al., 2010) is
finished. Only when the late stimulus selection process is finished, the participants know
which response is correct and, furthermore, whether the already activated response is correct
or not.
Another possible hypothesis is that participants suppress all automatically activated
responses blindly (i.e., they suppress the response activated by the target and by the flanker),
although they cannot identify the source of the activation. In the delta functions for RT, such a
simultaneous suppression would possibly not be visible in a decline of the function: When the
participant is suppressing the activated response by the target, suppression would result in a
disadvantage on each trial, not on congruent trials only (as when the information of the
flankers is suppressed solely). Therefore, the decline in the effect function would be reduced
or would result in a merely relatively slow increase. Such a blind suppression would however
not be advantageous, as the automatic response activation through the target would be
suppressed on each trial. Therefore, this phenomenon should occur only if suppression is a
purely reflexive and automatic process. The results from Hübner and Mishra (2013) on
suppression in the Simon task suggest however, that suppression is rather flexible and can be
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adjusted strategically according to the task’s demands, arguing against an unreasonable blind
suppression of automatic response activation driven by the target and the flankers.
Interestingly, the results of our current and of our previous study demonstrate that
suppression is also a prominent conflict resolving process in the flanker task. Only the
common flanker task is a special case where suppression becomes difficult. The results of
both studies suggest that the Simon and the flanker task are actually relatively similar to each
other, although they differ supposedly in their response activation (Mansfield, et al., 2013).
Suppression of irrelevant activation and also filtering are occurring in both tasks.
Nevertheless, when investigating the common flanker task, suppression hardly occurs, and the
ability to filter is weaker in the Simon task.
In conclusion, our results indicate that suppression is hardly occurring in the common
flanker task, because participants have difficulties to differentiate between the irrelevant
activation and early automatic response activation driven by the target. Whenever this is
possible for the participants, however, suppression of the irrelevant activation also occurs in
the flanker task and also without increased temporal distance (SOA). This suggests that the
flanker task and the Simon task are relatively similar to each other and that the mechanisms to
reduce the response selection conflict are very alike in both tasks. Only the common flanker
task is a special case, where suppression of irrelevant activation cannot be adjusted easily.
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A brief overview of the literature
The goal of the current work was to investigate the suppression of automatic but

irrelevant response activation in two different congruency paradigms, the Simon (e.g., Simon,
1969) and the Eriksen flanker task (e.g., B. A. Eriksen & Eriksen, 1974), and to compare two
dual-route models (Hübner, et al., 2010; Ridderinkhof, 2002a; Ulrich, et al., 2015) that aim to
explain both or either one of the tasks. The Simon and the flanker task have in common that
the stimulus contains a task relevant and a task irrelevant dimension, which both can activate
a response. On congruent trials, both the task relevant and the task irrelevant dimension
correspond to the same response. On incongruent trials, though, the task relevant and the task
irrelevant dimension correspond to opposite responses. Participants usually respond faster and
more accurately on congruent trials and the difference in speed and accuracy between
congruent and incongruent trials is referred to as the congruency effect (also called as the
Simon effect in the Simon task).
In the Simon task, the task irrelevant dimension is a spatial dimension of the stimulus
which overlaps in space with the spatial dimension of one of the response options. In the
flanker task the irrelevant stimulus dimension is symbolic and shares the same features as the
task relevant stimulus dimension.
5.1.1 Changes in the congruency effect are revealed in delta functions
Previous research has shown that the congruency effect develops differently between
the two tasks which has been revealed using delta function analyses. In the delta functions,
changes in the congruency effect are plotted against the speed of the response (De Jong, et al.,
1994; Ridderinkhof, 2002a). They can be used for RT analyses, as well as for accuracy
values. In the delta functions for RT in the Simon task, there is usually a relatively large
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congruency effect in the fast responses, and the congruency effect is reducing with slow
response times (often after an initiate increase of the effect) (e.g., Burle, et al., 2005; De Jong,
et al., 1994; Ridderinkhof, 2002b). Sometimes, the congruency effect even reverses in the
with very slow responses (e.g., Burle, et al., 2005). The opposite is the case in the flanker
task: the congruency effect is small in the beginning and increases constantly with time (e.g.,
Wylie, et al., 2007; Wylie, et al., 2009). It usually levels off with slow responses, though.
Interestingly, the declining delta functions that have been observed in the Simon task are
further restricted to the horizontal visual version of the Simon task. In other tasks, such as the
vertical version or auditory versions of the task, also constantly increasing delta functions
have been reported (see Proctor, et al., 2011 for a recent review).
As mean RT and the variance of a distribution function are positively correlated
(Wagenmakers, et al., 2005), an increasing delta function, as it has been reported in the
flanker task, would be expected as long as the mean congruency effect is positive (i.e., the
distribution function of incongruent trials has a larger mean RT and should consequently also
have a larger variance). This law is violated, however, in the Simon task. Although the mean
RT is larger on incongruent trials, the variance of its respective distribution function is
smaller which results in a declining delta function. Thus, something must have reduced the
variance on incongruent trials in the Simon task.
5.1.2 The activation-suppression model
To explain the decline in the delta function for RT in the Simon task, it has been
suggested that the irrelevant activation from the irrelevant stimulus dimension is suppressed
soon after its activation (e.g., De Jong, et al., 1994; Ridderinkhof, 2002a). According to this
activation-suppression model (e.g., Ridderinkhof, 2002a; Ridderinkhof, 2002b; see also
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Ridderinkhof, et al., 2011) there are two paths from perception to action: a fast and automatic
route which quickly translates the task irrelevant stimulus dimension into an action, and a
slower deliberate response selection route that selects the appropriate response according to
task demands. Suppression of irrelevant activation serves to shield the deliberate response
selection process and to reduce the impact of the automatic route on response selection.
Interestingly, the model was not only developed for the Simon task, but for the flanker task as
well, although suppression (i.e., a decline) is not clearly visible in its delta functions.
Wascher and colleagues (e.g., Wascher, et al., 2001; Wiegand & Wascher, 2007)
suggested that the shape of the delta functions in the different versions of the Simon task
differs because the automatic direct route only exists in the HST. According to the authors, a
response can only be activated through this direct route when the stimulus is occurring in the
same visual field as one out of two response options, as it is in the HST. They suggest that
direct perception to action priming is possible only within one hemisphere, but not between
the hemispheres, and additionally, that it is further restricted to visual stimuli. For instance,
direct response priming is, supposedly, not possible when the stimulus is visually and
presented along a vertical axe, or auditory. Wascher and colleagues assumed that the
declining delta functions in the HST are caused by a passive decay of the automatic response
activation and that the passive decay is only occurring after direct intra-hemispheric response
priming (see also Vallesi, et al., 2005 for instance). In terms of the activation-suppression
hypothesis, however, one could similarly argue that suppression only occurs in tasks where
direct intra-hemispheric response priming is possible.
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5.1.3 The dual-stage two-phase model
Another dual-route model has been developed to account for the flanker task, the DSTP
model (e.g., Hübner, et al., 2010; Hübner & Töbel, 2012). The model also assumes a fast and
automatic response activation process which relies on an early (perceptual) selection process.
In the early selection process, the participant processes all stimuli in parallel, but a sensory
filter can enhance the information received from the target which in turn improves the fast and
automatic response activation. A second but later selection process is assumed by the model.
This late selection process is highly accurate in selecting the target and translates the
information according to the S-R mapping. When the late selection process is finished, the
response selection process is from that point on solely using the information of late selection.
In contrast to the activation-suppression model, the DSTP model does not assume an
inhibitory process that reduces the automatic response activation, and thus, fits the increasing
delta functions for RT in the flanker task well. Notably, it does not fit the declining delta
functions for RT in the Simon task (Servant, et al., 2014).
5.1.4 The diffusion model for conflict tasks
A third dual-route model, which is relevant to the current studies, has been developed
by Ulrich, et al. (2015). The DMC integrates the differently shaped delta functions for RT of
the Simon and the flanker task into one account. The DMC could be described as a formal
version of the activation-suppression model. The authors pointed out, however, that their
model must not necessarily assume suppression of irrelevant activation. Instead, their model
could also describe a simple dual-route model that assumes a passive decay after the initiate
automatic response activation.
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The DMC assumes that the temporal distance between irrelevant activation and the
deliberate response selection process determines the shape of the delta function. When the
temporal distance is relatively long, the delta function will be declining with slow responses.
With a short temporal distance, however, the delta function should be increasing with slow
responses. In general, the more time has passed after automatic response activation, the
stronger the suppression of the irrelevant activation gets (or the irrelevant activation is
decaying passively with increasing time). With a short temporal distance of irrelevant
activation and deliberate response selection, the response is selected usually before the
suppression (or the passive decay) of irrelevant activation has an impact on the delta function
for RT. That the temporal distance has a crucial impact on the shape of the delta functions for
RT has already been shown in the HST (see for instance Burle, et al., 2005). Interestingly, the
temporal distance of irrelevant activation and deliberate response selection is indeed larger in
the Simon than in the flanker task, as it has been shown by Mansfield, et al. (2013).
According to Ulrich, et al. (2015) this could be the reason for the difference between the delta
functions for RT in the Simon and the flanker task. A constantly increasing delta function for
RT does not indicate suppression, however. Thus, it is still under debate, whether or not
suppression of irrelevant activation exists in the flanker task.

5.2

Motivation of the present thesis
As previous studies may suggest that suppression of irrelevant activation is used for

conflict reduction only under very specific circumstances, the question of how important
suppression of irrelevant activation in conflict situations is in our everyday lives becomes
interesting. When we think back to the example of a ringing mobile phone in a dangerous
traffic situation in the first chapter, the question arises whether the disturbing response
(picking up the phone) is actively suppressed or whether the conflict is solved in a different
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way. Let us assume the phone is hidden in a bag, and thus, the distracting information is not
visual, but acoustic only. Thus, according to the hypothesis of Wascher and colleagues (e.g.,
Wascher, et al., 2001), no direct stimulus to response priming is possible. Therefore, one
might assume that the occurring conflict (the urge to pick up the phone vs. the importance to
stay focused on the traffic situation) is not resolved via suppression of the urge to pick up
one’s phone. I.e., the activation-suppression model would not be valid in this example.
So, how is the conflict resolved then? According to the DSTP model, a conflict can be
resolved via late selection when early filtering processes are not strong enough to reduce the
disturbing information to a minimum. When the late selection process is finished, the noisy
early selection has no longer influence on the response selection process.
While the question itself, whether suppression of irrelevant activation is restricted to
rather specific circumstances, is fascinating, it is also highly relevant with regards to the
results of previous clinical studies (Wylie, et al., 2007; Wylie, et al., 2009). In these studies,
slopes of the delta functions for RT have been compared between patients and healthy
controls using a flanker task. A larger slope was usually observed in the group of the patients
and has been interpreted as a lack of suppression of irrelevant activation. However, it is
highly questionable that suppression of irrelevant activation is occurring in the flanker task
(on other than partial error trials; Burle, et al., 2013).
In the current work, I therefore aim to investigate whether suppression can occur in
other than the HST and to examine which circumstances have to be met for suppression of
irrelevant activation to occur or not. Further, it is the goal of this thesis to compare the DSTP
model and the DMC as a precise formal version of the activation-suppression model and to
conclude which model can account best for the results of the three studies.
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Summary of the findings and their impact on existing theories

5.3.1 Study 1
In Study 1 we demonstrated that suppression of irrelevant activation is not restricted to
the HST but also exists in the VST. Although, on average, the delta function was increasing in
the VST and declining in the HST, they varied similarly in both tasks depending on the
congruency of the predecessor trial. After a congruent trial we found only weak suppression
in the HST (similar to previous results, seeRidderinkhof, 2002a) and no signs of suppression
in the VST. After an incongruent trial, though, there was increased suppression in the HST
and also in the VST. Albeit suppression was generally weaker in the VST, we found a
declining delta function in a VST with increased stimulus eccentricity after incongruent trials.
The increased eccentricity supposedly also increased the amount of direct stimulus to
response activation. Interestingly, although we could find declining delta functions for RT
after incongruent trials, the delta functions for RT was constantly increasing after congruent
trials in the two version of the VST.
The results clearly violate the hypothesis that suppression occurs in the HST only and is
questioning the concept that direct stimulus to response priming is possible only within one
hemisphere (e.g., Wascher, et al., 2001). The study indicates that suppression differs only
quantitatively between the HST and the VST. Further, the results of our study indicate that
suppression of irrelevant activation can also occur in tasks with an on average increasing delta
function. Therefore, the results broaden the relevance of suppression of irrelevant activation
and it cannot be generally denied that suppression occurs in tasks with increasing delta
functions. I.e., it is likely that suppression of irrelevant activation also exists in other tasks
like the auditory Simon task, the flanker task, and/or the Stroop task. An increasing delta
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function (as it is usually found in these tasks) is, however, not an indicator of suppression of
irrelevant activation and it is important to carefully examine whether suppression of irrelevant
activation exists in tasks with increasing delta functions. It is possible that suppression of
irrelevant activation is restricted to spatial stimuli as they are usually used in the Simon task,
and that it is not occurring in tasks using symbolic stimuli, such as the flanker task and the
Stroop task.
Another interesting finding of Study 1 was the constantly increasing delta functions
after congruent predecessor trials in the two VSTs. An increasing delta function is not only
questioning the existence of suppression of irrelevant activation (which we found after
incongruent predecessor trials), but also the concept of a passive decay of the irrelevant
activation. While suppression of irrelevant activation can vary with the perceived task
difficulty on a trial by trial basis (the task is supposedly perceived more difficult after an
incongruent trial), a passive decay should be independent of the task difficulty in general.
Therefore, the results of Study 1 question the concept of a passive decay within a time frame
of approximately 600 ms. One might also argue, however, that the passive decay occurred
only when the stimulus to response priming was within one hemisphere, as it has been
suggested by Wascher and colleagues (e.g., Wascher, et al., 2001; Wiegand & Wascher,
2005). I.e., suppression of irrelevant activation occurs also when stimulus and response are
not located within one hemisphere, but the passive decay would be restricted to intrahemispheric stimulus to response priming. Although this hypothesis may seem unlikely it
would be an interesting question for future studies. An even more relevant research question
would be whether a passive decay occurs at all, for instance, within a time frame of 600 ms to
800 ms after stimulus onset. It is, however, difficult to differentiate a passive decay from
suppression of irrelevant activation.
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5.3.2 Study 2
In the second study we showed that suppression of irrelevant activation also occurs in
the flanker task (on other than partial error trials). Suppression was, similar to findings in the
Simon task (Burle, et al., 2005), stronger with an increased temporal distance between the
irrelevant activation and the deliberately selected response. We could find this relation of
temporal distance and suppression of irrelevant activation only in a relatively difficult task,
i.e., in a task with a relatively high inhibitory demand. Although there was weak evidence for
suppression of irrelevant activation in a simpler version of the task, it was impossible to study
its temporal dynamics. In line with the activation-suppression hypothesis (see for instance
Ridderinkhof, et al., 2004), the results strongly suggest that suppression of irrelevant
activation is similar in both tasks, the Simon and the flanker task.
The results are in line with the predictions of the DMC (Ulrich, et al., 2015), when the
temporal distance of irrelevant activation is increased, suppression is also visible in the delta
functions of the flanker task. Does this imply that the DSTP model (Hübner, et al., 2010) is
less adequate for the flanker task than the DMC? The DSTP model would not predict a
declining delta function as we observed it in Study 2. It could be developed further, however,
when adding another parameter for suppression of irrelevant activation. Both models, the
DMC and the DSTP model, might than mimic each other in most of the times. Thus, the
model using less parameters, i.e., the DMC, would always fit the data better than the DSTP
model, irrelevant of which theory is better representing the decisional process of the brain.
The DSTP model might, however, better account for more complex paradigms than the
flanker and the Simon task, e.g., a global/local paradigm (Hübner, 2014).
An interesting finding of Study 2 was that we could not find evidence for suppression of
irrelevant activation when all stimuli were presented simultaneously. Thus, we failed to find
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evidence for suppression of irrelevant activation in the most common form of the flanker task.
We hypothesized that suppression is weak in the common flanker task as the response
selection conflict can be reduced via filtering of the irrelevant information (i.e., the flankers)
before it can arise. Supposedly it is easier for the participants to reduce the response selection
conflict beforehand than post hoc via suppression of irrelevant activation. As filtering is
impaired when the flankers are shortly presented without the target (i.e., with an SOA) the
suppression of irrelevant activation would be preferred.
Although we cannot rule out that suppression of irrelevant activation still exists to a
minimum in the common flanker task, our results suggest that it is at least very weak. Further,
we found that suppression of irrelevant activation was strong only in a relatively difficult task.
Together this strongly questions the interpretation of the results of previous clinical studies
(e.g., Wylie, et al., 2007; Wylie, et al., 2009) which investigated suppression of irrelevant
activation using a relatively simple common flanker task. Although Burle, et al. (2013) found
suppression on partial error trials also in the common flanker task, one can hardly assume that
the influence of the partial error trials is strong enough to have a significant impact on the
slope of the average delta function. Thus, the outcome of Study 2 (and also Study 3) strongly
suggests using the Simon task or a relatively difficult flanker task with increased temporal
distance between the irrelevant activation and the deliberate response selection for the
investigation of suppression of irrelevant activation in clinical studies. Further, previous
results using a flanker task should be reinvestigated using a more appropriate paradigm.
Study 2 further showed that suppression of irrelevant activation is not restricted to
spatial stimuli, but is also used to reduce the response selection conflict in paradigms using
symbols as task irrelevant information. Thus, suppression of irrelevant activation seems to be
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a rather general important conflict resolving process, as it has been proposed by the
activation-suppression model (e.g., Ridderinkhof, et al., 2004).
The Stroop task might be different, though. As the reading of a word is a highly trained
and automatic process (e.g., Brown, Gore, & Carr, 2002), we can assume that it is also
processed relatively faster than the response to a newly learned symbolic feature (e.g., the
color of the word) which is the relevant stimulus information in the task. I.e., in the Stroop
task we can assume that there is at least a small temporal distance between the irrelevant
activation and the deliberate response selection. So far, however, no declining delta functions
have been reported in the Stroop task. As already contemplated above, though, the absence of
a negative slope in the delta function does not necessarily rule out that suppression of
irrelevant activation exists in the task. Possibly the tasks previously investigated were simply
not difficult enough, and thus, the participants did not invest much effort in suppression. I.e.,
suppression might become visible in the delta functions of the Stroop task, when the
inhibitory demand of the task is higher. This would be an interesting question for future
investigations.
5.3.3 Study 3
In our third study we investigated suppression in the flanker task to test our hypothesis
that it is easier for the participants to filter the task irrelevant information in the common
flanker task, before the response selection conflict arises than to suppress the irrelevant
activation afterwards. We formulated a second hypothesis to explain the absence of
suppression of irrelevant activation in the common flanker task as the common flanker task is
a special case among the congruency paradigms. In the common flanker task, all stimuli are
presented simultaneously, and thus, target and flankers are automatically activating a response
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approximately at the same time (e.g., Hübner, et al., 2010). I.e., there is automatic task
irrelevant activation by the flankers and automatic relevant activation by the target. Therefore,
the participants might have difficulties to differentiate between both automatic activations.
I.e., the source of response activation cannot be identified easily, and thus, the exclusive
suppression of irrelevant activation might be impossible.
The data of Study 3 support the source identification hypothesis. Suppression of
irrelevant activation was not reduced when the filtering of irrelevant activation was supported
in a flanker task with SOA and we could not find evidence for suppression in a difficult
flanker task, when errors were punished. Nevertheless, the evidence of the first two
experiments was weak: In the first experiment the task was very difficult this might have
made suppression of irrelevant activation reasonable, irrelevant of the participants’ ability to
filter. In the second experiment the participants performed at an excellent level without
suppression of irrelevant activation, suggesting that participants were able to reduce the
response selection conflict to a minimum without the need for suppression of irrelevant
activation. In the third experiment of the study, however, we found suppression in a common
flanker task, when it was easier for the participants to distinguish between the target and the
flankers through gestalt perception. Direct comparison of the difficult task of Experiment 2
with the relatively easier task of Experiment 3 showed that suppression was stronger in
Experiment 3. Thus, suppression occurred, as soon as participants were able to distinguish
between automatic response activation driven by the target and by the flankers, although the
task was easier than in Experiment 2, and the participants were less motivated to respond
highly accurate.
One might think that the absence of suppression in the task with high inhibitory demand
in Experiment 2 of Study 3 contradict the argumentation of Study 1 and 2 where we
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hypothesized that suppression increases with the inhibitory demand of the task. The results of
Study 3 suggest, however, that suppression of irrelevant activation was hardly possible in
Experiment 2 of the study. I.e., if suppression of irrelevant activation would have been easily
possible for the participants, suppression should have been stronger than in Experiment 3 of
Study 3, because of its higher inhibitory demand. Further, suppression was not strong in
Experiment 3 of Study 3. In fact, the delta function was not declining significantly and we
could support the existence of suppression of irrelevant activation only via the direct
comparison with almost the same task, excluding the gestalt condition.
Although the results of Study 3 indicated that suppression of irrelevant activation is
nearly impossible without the ability to differentiate between automatic activation driven by
the target and by the flankers, it has previously been shown that suppression can occur also in
the common flanker task (Burle, et al., 2013). I.e., suppression of irrelevant activation is very
well possible in the common flanker task. In the study suppression was found only on partial
error trials and only when the participants were instructed to respond as accurately as
possible, however. Albeit, the results of Study 3 must not contradict the results of the study of
Burle, et al. (2013). In the study of Burle, et al. (2013) suppression of irrelevant activation
starts relatively late, at around 475 ms after stimulus onset. The late onset of suppression of
irrelevant activation may suggest that the late selection process (Hübner, et al., 2010) must be
finished, before suppression of irrelevant activation is possible. I.e., after the late selection
process is completed, the participants can differentiate between automatic activation driven by
the target and by the flanker.
This raises the question whether suppression of irrelevant activation in Experiment 3
only occurred after the late selection process was finished. I.e., the late selection process
possibly benefits from the gestalt group of the flankers, and thus, makes it easier for the
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participants to suppress the irrelevant activation by the flankers. One might test this
hypothesis using a further developed DSTP model, including a parameter for suppression of
irrelevant activation. The DMC has no parameter for the late selection process, and thus,
could not answer this question.

5.4

Relevance of suppression of irrelevant activation in daily lives
Together the results of this thesis support the hypothesis that suppression of irrelevant

activation exists in other than the HST and most likely in all congruency paradigms. Only
under specific circumstances suppression is almost impossible or at least very difficult.
Therefore, it is reasonable to assume that suppression of irrelevant activation is also highly
relevant in conflicting situations in our daily lives.
When considering the everyday live example in the introduction part again, we can now
formulate ideas in more detail about how one might react towards a ringing phone in a
difficult traffic situation. When a driver notices the ringing noise of the phone – let us assume
it is on the seat next to the driver, hidden in a bag – the stimulus of the phone is spatial and
auditory. We can now infer from our results that the auditory spatial noise is automatically
activating a response, here, the urge to pick up one’s phone. In a dangerous traffic situation
we can further assume that the inhibitory demand is high and that the urge to pick up one’s
phone is suppressed quickly, so that the attention can be drawn back towards the traffic
situation.
Let us drive a bit further, towards the next traffic light. The driver approaches a
crossroad when all lights are red, a red arrow for left turn and also a red main light for driving
straight on over the crossroads. While the driver waits for the opportunity to turn left, the
main light turns green; while the arrow for the left turn still remains red. Although the driver
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has received the symbolic information that he is allowed to drive straight on over the
crossroads, this information is irrelevant to the driver as his or her intention is to make a left
turn. In this scenario, the irrelevant green light is likely to activate the driver’s motor
command to start driving ahead. However, according to our results, this activation will be
increasingly suppressed then. Finally, when the arrow for the left turn turns green after a
while, the driver could take a little longer to make his or her left turn due to inertia which
might inhibit the motor command to a little longer than required.
While driving, one often runs into a situation when the direct way is blocked and signs
for a detour are set. Let us assume that two different detours are announced. One is showing
the way to the lake of Konstanz and the other is guiding you to Schaffhausen. The driver’s
aim is to go to the lake of Konstanz. Let us assume he or she is driving with a speed of 80
km/h. At this speed it is very difficult to gather all the information needed from the signs. The
signs give comparable symbolic information and should be processed approximately at the
same time. So even when the driver is able to read both signs, he or she will most likely still
be confused about which sign is relevant to him or her right now. Both signs activate a
response, i.e., taking the left and taking the right turn, and the driver often does not have
enough time to figure out the meaning behind the informative signs I.e., the information
cannot be bound to its location easily as both signals are processed at approximately the same
speed, similarly, to the situation in a common flanker task. When the driver is about to turn
left, but realizes at the last moment that he or she has to turn right (similar to a partial error),
the interruption of the right turn and the aim to turn left can even result in a dangerous traffic
situation, especially, if another car is tailgating the driver. With the results of study 3 we can
now infer that such a situation would be easier to resolve when both signs for a detour would
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not be presented at the same time, but with a short delay, so that the driver does not get
confused about which sign points in which direction.
Usually the ability to suppress conflicting response tendencies is important and very
useful in our daily lives. For instance, when one does not follow the urge to pick up one’s
phone or when one is able to ignore an irrelevant traffic light. There are also some situations,
where it can be disadvantageous to suppress irrelevant activation, though. As when the abrupt
abort of an action can interfere with the behavior of others. For instance, when one realizes
that one took the wrong turn to reach a certain destination and stops abruptly. As a
consequence, another person might bump into oneself. While this can be harmless, when
being a pedestrian and the only consequence would be an apology, such a behavior can be
more dangerous, for instance, when driving a car. Investigating conflict paradigms as the
flanker and the Simon task can help us to gain better understanding of such situations, as the
basic mechanisms like suppression of irrelevant activation are most likely similar to those in
our everyday lives.
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