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Abstract of Dissertation

Distinct Response Components Indicate that Binding is the Primary Cause of Response
Repetition Effects

Humans must constantly react to the environments they experience. To understand the
processes governing our actions, researchers study behavior in the controlled world of stimulus-
response tasks. In many cases, repeating a response results in performance benefits, but in other
cases repeating a response results in performance costs. This dichotomy is referred to as
response repetition effects (RR effects). To understand these effects, I first investigate two
possible response components, response categories (response meaning) and motor responses
(response execution). Recent research suggests separate mental representations exist for each
response component, but methodologies used in this research invite alternative explanations.
Second, | investigate two proposed accounts of RR effects. The response inhibition account
supposes that RR effects are the product of an inhibitory mechanism meant to prevent accidental
re-execution of a response. The binding account supposes that RR effects are the product of
interference from automatically retrieved memories of previous events. Four experiments were
conducted that both verify the findings of previous research on response components and directly
compare the response inhibition account and the binding account as explanations of RR effects.
Results of these experiments, in conjunction with past research, demonstrate that separate mental
representations exist for response categories and motor responses. This finding validates the
differing predictions put forth by each RR effect account. Results also suggest that binding is the
primary mechanism behind RR effects, but secondary analyses suggest that response inhibition

contributes to RR effects.

Vi



Table of Contents

DIEAICALION ... ettt ettt e e v
ACKNOWIBAZMENES ... .ttt et et ettt v
ADSLract 0f DISSEITAtION ... . .uninit ettt e Vi
LASt Of FIGUIES .. ouvtit it e e e e e aees viii
LiSt Of Tables .. .neeee e e ix
Chapter ©1: INtrodUCtION. ......oouiiet it aeeen 1
Chapter 2: Response Components and Response Repetition Effect Mechanisms................ 4
Chapter 3: EXPErimENtS ........uiuitietitit ettt ettt et e et et et e et e e e e e nenaas 21
Chapter 4: General DiSCUSSION. .. ....uietiet ittt ettt e e e 52
RETOTENCES. . ...ttt e e 59
APPEIIAICES . . ..ttt ettt ettt et et et e et 65

vii



List of Figures

FagUI L. e 69
o gUTE 2. 70
FagUIE B 71
FagUI .o e e 72
o gUTE S 73
FagUIE O e 74
FagUIE T e 75
U B 76
FIgUIE O 77
FIgUIE L0 ..o e 78
a8 P 79
o gUIE e 80
o gUIe I3 e 81
o gUIe L. e 82
o gUIe IS e 83
FIGUIC 10, e e 84
o gUIE 17 e e 85
0T =0 86
FOUIE L. e 87
FOUIE 20, . ettt e 88
B gUIE 2. . 89

viii



List of Tables

TaDIE 1. 65
Table 2. 66
Table 3. 67
Table ... 68



Chapter 1: A Review of Response Repetition Effects

Humans have the capacity to issue various responses to our environmental
stimuli. Therefore, we must constantly select appropriate responses, one facet of
cognitive control. For example, consider responding to a series of interrogating
questions. Repeatedly issuing the same statement (response) to the same questions
(stimulus) is intuitively easy. In experiments, this result is commonly seen when
participants repeat a response to a given task or stimulus (Campbell & Proctor, 1993),
referred to here as response repetition benefit (RR benefit). However, issuing the same
statement (response) to reconstructed or reworded questions (stimuli) can be confusing.
In experiments, performance costs occur when a response is repeated to a different task
or stimulus (Rogers & Monsell, 1995), referred to here as response repetition cost (RR
cost). Together I refer to RR cost and RR benefit as response repetition effects (RR
effects). While the counterintuitive RR cost may initially prompt interest, review of the
literature shows that the two effects must be considered in conjunction.

In the novel set of experiments reported below, RR effects are investigated as a
medium to understanding several facets cognitive control. Observations of RR effects
suggest that distinct mental representations of responses exist for their meaning and their
execution. This is because a single physical response can often carry multiple meanings
depending on the context. Comprehending how we represent responses is a necessary
preceding step to understanding how previous experiences, i.e. perceptions and actions,
impact later processing. Mental representations of previous experiences may affect

subsequent behavior through two processes. The representations may elicit controlled



biases in response tendencies or the automatic recollection of these representations may
interfere with later behavior.

Regarding the mental representations of response, recent research has suggested
that responses can be characterized according to their meaning within a task (referred to
as the response category) or according to the action required to execute them (referred to
as the motor response). However, this evidence is not conclusive. In the experiments
reported here, | provide strong evidence that the meaning of a response and the execution
of a response are in fact represented independently. This adds not only to the
understanding of RR effects, but also to the understanding of task-set mental
representations, i.e. the rules that guide action choices.

Regarding how mental representations of previous experiences affect behavior,
two accounts have been proposed. One account, response inhibition, is endogenously
controlled action meant to help resolve situations involving high levels of response
conflict. A second account, binding, is an exogenously induced process that is possibly
involved in learning associations between stimuli and responses. Each account explains
the interaction of task transition and response transition, described as RR effects.
Additionally, predictions of each account regarding other factors, reviewed later, have
been supported. Using the task switching paradigm, the current experiments provide the
first direct comparison of these accounts. This is done by considering the predictions of
each account when orthogonally manipulating task transition, response category
transition and motor response transition. The results suggest that binding is in fact the
primary mechanism behind RR effects and that while parts of the response inhibition

account are accurate, response inhibition is not the ‘cause’ of RR effects.



Previous research on RR effects has been conducted using multiple paradigms:
task switching, psychological refractory period (PRP), long-lag repetition and choice
reaction tasks. The stimuli and procedures of each paradigm differ, but each allow for
response transition (i.e., whether a response repeats or switches) to vary independently of
task or stimulus transition (i.e., whether the task/stimulus repeats or switches). Within
task-switching and PRP studies, researchers often observe an interaction of task transition
and response transition (Altmann, 2011; Cooper & Mari-Beffa, 2008; Druey & Hibner,
2008a; Druey & Hiibner, 2008b; Hubner & Druey, 2006; Kleinsorge, 1999; Koch,
Schuch, Vu, & Proctor, 2011; Mayr & Kliegl, 2003, Ruthruff, Remington, & Johnston,
2001; Schneider & Logan, 2005; Schuch & Koch, 2004). Within long-lag priming and
choice RT studies, researchers often observe an interaction of stimulus transition and
response transition (Denkinger & Koutstaal, 2009; Dennis, Carder & Perfect, 2010;
Frings, Rothermund & Wentura, 2007; Hommel, 1998; Horner & Henson, 2009;
Notebaert & Soetens, 2003). Response repetition benefit is observed when a response is
repeated to the same task (or stimulus), but RR cost when a response is repeated to a
different task (or stimulus).

Experimentation in multiple paradigms has suggested that when analyzing RR
effects there are two components of a response, the response category and the motor
response. Before further distinguishing these response components, | introduce the other
relevant components of a trial and the terms used here to refer to them (see Figure 1).

The ‘task’ (task-set, rule) is the appropriate set of stimulus-response mappings for a given
experiment. For example, two commonly used tasks are the magnitude task (categorizing

a digit as higher than 5 or lower than 5) and the parity task (categorizing a digit as even



or odd). The ‘stimulus’ of a given trial refers to all aspects of the trial display. Stimuli
can be characterized according to a number of attributes, two of which are of particular
interest to this investigation: stimulus meaning and stimulus congruence. Within the
confines of a task, each stimulus is characterized according to its task specific meaning,
defining its ‘stimulus category’. For example, the number “9” is of the stimulus category
‘odd” when conducting a parity task, but would be of the stimulus category ‘high’ when
conducting a magnitude task. Further, stimuli can be characterized as congruent or
incongruent. Congruent stimuli are mapped to the same response according to the
instructions of each task. Incongruent stimuli are mapped to different responses
according to the instructions of each task.

As with stimuli, responses can be characterized by multiple attributes. Two
components of a response are examined here, the motor response and the response
category. They correspond to the physical execution of a response and the meaning of a
response, respectively. The motor response is the execution component of a response,
pressing a button, clicking a mouse or saying a word. The response category is the
meaning of a response within an experimental design. To isolate the two components,
several groups of researchers have introduced designs that allow for two tasks to share
response categories, but require different motor responses. By dissociating these two
components, the effects of repeating a response category can be distinguished from the
effects of repeating a motor response.

De-confounding Motor Response and Response Category
Several researchers have attempted to dissociate response categories and motor

responses in order to determine whether motor responses, response categories, or both



response categories and motor responses contribute to RR effects. Several approaches
have been taken to do this: introducing multiple response modalities, introducing a stop
signal for some trials, using paradigms that allow for motor response to vary
independently of response category, and measuring lateralized response potential through
electroencephalogram (EEG).

In one attempt to dissociate response components, Schuch and Koch (2004)
examined RR effects in a PRP paradigm that used both verbal and manual responses.
Experiments 1 and 2 served as controls for later experiments. In these experiments, the
magnitude and the parity tasks shared left or right key press responses. As predicted, the
authors observed significant RR effects. The authors then examined whether RR effects
occurred when response categories and motor responses were dissociated. To do so, they
introduced distinct response modalities for the prime task and for the probe task. In
Experiments 3 and 4, responses to the prime task were issued by verbally saying left or
right and responses to the probe task were issued by pressing a left or right key. This
allowed the response category of “left” or “right” to repeat or switch, while the motor
response always switched (prime tasks were verbally responded to and probe tasks were
manually responded to). In Experiments 3 and 4, significant RR effects were again
observed, even though only the response category (but not the motor response) repeated
between tasks. This result suggests that RR effects occur when the response category
repeats in the absence of a motor response repetition.

Druey and Hubner (2008a) similarly considered the effects of response categories
independent of motor responses. To de-couple response components, responses to the

prime task and to the probe task were mapped to specific hands. Data were analyzed



separately for each subject to determine if they had organized the four possible motor
responses into response categories. This was done because the design of the experiment
did not dictate specific response categories. The task and response mappings did not
suggest a specific grouping of responses. In almost all subjects, the authors observed
significant RR effects when repeating the response category independent of the motor
response. The majority (12) of subjects had established response categories using spatial
position of responses, but others (4) had established response categories using finger
identity of responses. These results further suggest that response categories, whether
established by task instructions (e.g., in Schuch and Koch [2004] the task instructions
mapped responses to ‘left’ or ‘right’ response categories) or established by the subject,
play an important role in RR effects.

Using a variation of the PRP paradigm, the change paradigm, Hiibner and Druey
(2006) displayed additional evidence that response categories contribute to RR effects.
In the change paradigm, the probe stimulus appears only on half of the trials. Upon the
appearance of the probe stimulus, subjects were told to stop processing the prime
stimulus and respond to the probe instead. On the other half of trials, participants simply
responded to the prime stimulus. The authors analyzed the results of successful change
trials. They hypothesized that when participants were successful on change trials the
prime response category was activated, but not selected. If this was true, and if response
categories impact RR effects, then the authors could expect to see repetition effects from
the omitted prime task on the completed probe task. Importantly, this pattern was
observed, indicating RR effects occurred in the absence of a motor response. Schuch and

Koch (2010) similarly demonstrated RR effects in the absence of response execution



using a change paradigm, further suggesting that selecting response categories alone
produces RR effects.

In several long-lag repetition studies, authors have demonstrated significant
contributions of response categories. Dobbins, Schnyer, Verfaellie and Schacter (2004)
looked at priming effects while varying response mappings between a study phase and
test phase in a functional magnetic resonance imaging (fMRI) study. They compared the
effects of re-mapping response categories and the effects of re-mapping motor responses.
In both conditions, primed items (items repeated 3 times were considered high primed
and items repeated only once were considered low primed) were responded to faster than
novel items, suggesting a stimulus encoding benefit. When the motor responses were re-
mapped in the test phase, high primed items were still responded to quicker than low
primed items, suggesting that motor responses were not tied to repetition effects. In
contrast, when the response categories were re-mapped in the test phase, there was no
difference in response time for high and low primed items, suggesting that response
categories are tied to RR effects. Importantly, the blood-oxygen-level-dependence
(BOLD) responses matched the behavioral data. Neural tuning, reduced neural activity
for primed items, was found in the test phase when motor responses were re-mapped, but
did not occur in the test phase when response categories were re-mapped. The reduction
of neural activity occurred in the left pre-frontal cortex and left fusiform and was thought
to represent the learning of an association between a stimulus and a response category.
Schnyer et al. (2007) replicated the behavioral finding of a null effect of response key re-
mapping on priming effects. This again suggests that response categories contribute to

RR effects.



Dennis, Carder and Perfect (2010) also demonstrated that stimuli associated with
a consistent response category, as opposed to a consistent motor response, were subject to
priming effects. In the experiments, participants performed a size judgment task on pairs
of words, for example “TEASPOON PUMPKIN.” In the following trials, the words
could be repeated together as a pair or be re-paired. The design allowed words to be
primed as either the larger or smaller object of a pair (the response category) or the left or
right object of a pair (the motor response). The authors found that when a word was
repeated with the response category previously used, there was a strong priming benefit.
When a word was repeated with a different response category, the priming effect was
significantly reduced. In contrast, priming was not affected by a change in the motor
response associated with a word. As with the previously discussed priming studies,
Dennis et al. suggest that response categories play a role in RR effects.

The studies reviewed to this point support the conclusion that response categories
contribute to RR effects, but there is also evidence that motor responses contribute to RR
effects. Steinhauser, Hiibner and Druey (2009) displayed evidence for motor responses’
impact on RR effects using electroencephalogram (EEG). In a task-switching paradigm,
Steinhauser et al. (2009) recorded subjects’ lateralized readiness potentials (LRP).
Lateralized readiness potentials correspond to the increase in scalp potentials over
respective motor areas. Importantly, they observed increased LRP for the hand not used
in the previous trial and decreased readiness potential for the hand used in the previous
trial. They suggest that the respective increase and decrease in readiness potentials

represent a changing response bias that was tied to the control of motor responses.



In a long-lag priming paradigm, Horner and Henson (2009) examined response
categories and motor responses as participants answered questions about stimuli. They
did so by varying the question presented with a stimulus (“Is the stimulus bigger than a
shoebox?” — “Is the stimulus smaller than a shoebox?” or “Is the stimulus bigger than a
shoebox?” — “Is the stimulus man-made?”) In the experiments, the authors observed
additive performance benefits to repeating a stimulus with a previous response category
and previous motor response. Importantly, the series of experiments demonstrates the
existence of two independent response components that have additive RR benefits.

Several studies that suggest an influence of response category on RR effects also
give reason to believe motor responses contribute to RR effects. In Schuch and Koch
(2004), Druey and Huibner (2008a), Hiibner and Druey (2006) RR effects were markedly
reduced when only the response category repeated between trials, compared to when both
response category and motor response repeated between trials. Collectively, the PRP,
task-switching and long-lag repetition studies suggest that two response components
impact RR effects. One, the motor response, is the pressing of a button, squeezing of a
dynamometer, vocalization or any other physical issuing of a response. The other, the
response category, is defined by the demands of a given task or stimulus-response
mappings and is not directly linked to a specific stimulus, task, or response key.
Response repetition literature has demonstrated the existence of response categories by
showing RR effects when the motor response does not repeat between trials.

Mechanisms of Response Repetition Effects
I next review the evidence for two explanations of the mechanism behind RR

effects. The response inhibition account of RR effects is based on the top-down



inhibition of responses and suggests RR effects are the product of a control mechanism.
According to this account (Figure 2a) (Druey & Hubner, 2008b; Hiibner & Druey, 2006;
Rogers & Monsell, 1995), two contrasting processes cause these effects. First, after a
response is executed, it is inhibited as part of preparation for the next task (Steinhauser et.
al, 2009), suggesting it is top-down, controlled cognition. This inhibition causes
performance costs when a response must be repeated. Second, the account states that
repeating a stimulus category results in a priming benefit. In task-switching studies, the
stimulus category repeats only when the task and response repeat as well. According to
the account, the stimulus category repetition benefit is greater than the inhibition cost
incurred by repeating a response. These two processes result in RR cost when a response
is repeated to different tasks and RR benefit when a response is repeated to the same task.
The binding account of RR effects is based on the automatic association of trial
features and suggests that RR effects are the product of bottom-up processes. According
to the binding account (Figure 2b), attributes of a given trial are bound together as
‘stimulus-response couplings’ (Mayr & Bryck, 2005), ‘event-files’ (Hommel, 1998), or
‘instances’ (Logan, 1988). Binding accounts have been used to explain patterns of data
found in both task oriented (task-switching and PRP) and stimulus oriented (priming,
choice reaction) studies. Since the response inhibition account has largely been used to
explain task-oriented studies, I discuss the binding account here in reference to a task-
switching paradigm. According to the binding account, when a response is issued to a
task, the two trial components are automatically bound together. If either of these
components is repeated on later trials, then the previous binding is automatically recalled.

If the to-be-bound features in the current trial and previously bound features do not
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match, the previously bound features interfere with performance. Response repetition
benefit occurs because performance is easier when a task and response are repeated
together (the previous task-response association repeated), compared to when the task is
repeated with a different response (only the task from the previous task-response
association is repeated, resulting in interference). Response repetition cost occurs
because performance is easier when both a task and response switch (the previous task-
response binding is not recalled), compared to when a task switches and the response
repeats (only the response from the previous task-response binding is repeated, resulting
in interference).

Response Inhibition Account

Rogers and Monsell (1995) first put forth the response inhibition account of RR
effects (see Figure 2a). They stated that in order to prevent the accidental re-execution of
a response, a mechanism exists to inhibit that response. The inhibition (or re-checking
mechanism) results in performance costs on all response repetition trials. When the task
and response both repeat, the performance cost is counteracted by a stimulus category
repetition benefit. To provide evidence of these two processes, researchers made
predictions about the specific levels of inhibition incurred during trials.

Hibner and Druey (2006) manipulated stimulus congruency to demonstrate that
response inhibition is tied to the activation level of responses. They first pointed out that
congruent stimuli (which activate the same response according to either task) induce
greater response activation than incongruent stimuli (which activate different responses
for each task). Further, they proposed that greater response activation leads to an

increased risk of accidentally re-executing a response. The increased risk of response re-
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execution induces greater amounts of inhibition to prevent accidental re-execution. A
unique set of predictions is derived from the differing levels of response inhibition and a
constant stimulus category benefit (see Figure 3).

First, RR benefit would be lower when the previous stimulus was congruent
relative to incongruent. Previously congruent stimuli elicit greater response activation,
which leads to greater response inhibition. The increased response inhibition counteracts
a greater portion of the stimulus category repetition benefit. Second, RR cost would be
greater when the previous stimulus was congruent relative to incongruent. Again,
previous congruent stimuli elicit greater response activation, which leads to greater
response inhibition. Increased response inhibition then produces greater RR cost. The
results of the experiment matched these predictions, supporting the response inhibition
account.

Druey and Hibner (2008b) demonstrated that manipulating prime task spatial
compatibility (the compatibility of the stimulus display location and response location),
produced the same pattern of effects as manipulating stimulus congruency. If the prime
stimulus location and prime response location are compatible (prime task spatial
compatibility), then the response is more highly activated and requires greater inhibition
on the following trial. In Experiment 1, the authors replicated the earlier finding that
prime task stimulus congruency was predictive of probe task RR effects. In Experiment
2, they demonstrated that manipulating prime task spatial compatibility is also predictive
of probe task RR effects. In Experiment 3, they demonstrated that response activation

induced by prime stimulus congruency and response activation induced by prime trial
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spatial compatibility are additive. The results support the response inhibition account by
suggesting that inhibition is tied to the activation level of responses.

Koch, Schuch, Vu, & Proctor (2011) demonstrated that manipulating response
discriminability could produce the same pattern of results as manipulating stimulus
congruence or spatial stimulus-response compatibility. They observed that increasing the
discriminability of response positioning, which increases the ease of responses, led to
decreased RR benefit in task repetition trials and increased RR cost on task switch trials.
They concluded that increasing response discriminability led to more highly activated
responses that required greater inhibition, providing additional support for response
inhibition account.

Steinhauser et al.’s (2009) observation of lateralized response potentials that
depicted a bias for participants to switch their response on every trial provided additional
support for the response inhibition account. The physical bias to switch responses on all
trials, coupled with a behavioral benefit to repeating a response on task switch trials,
supports the notion that there are two distinct factors contributing to RR effects: previous
response inhibition and stimulus category priming benefit. In Experiment 2, the authors
varied the cue to stimulus interval and the response to stimulus interval. They observed
that the response bias emerged after cue presentation and followed a spike in activity
recorded from parietal channels (believed to be involved in task preparation). This
finding suggested to the authors that the response bias was specifically linked to task
preparation. In Experiment 3, participants performed only task repetition trials and no
response bias emerged. This result suggests that response bias may be tied to increased

response conflict. In Experiments 1 and 2 each stimulus was mapped to multiple
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response keys, but in Experiment 3 each stimulus was mapped to a single response key.
Overall, the results support the response inhibition account by demonstrating a
physiological response bias (or response inhibition) on all trials coupled with a behavioral
benefit to repeating a response when the task repeats (a stimulus category repetition
benefit).

Numerous studies have been conducted that examine the neural correlates of
response inhibition (Boecker et al., 2011; Jamadar et al., 2010; Mostofsky et al., 2003;
Ridderinkhof, Wildenberg, Segalowitzd, & Carter, 2004). In the studies, response
inhibition was examined by adding a no-go or change requirement to traditional task-
switching or choice response paradigms. Typically, a signal is issued on a portion of
trials that indicates to participants that they should withhold or change a planned
response. Researchers find that the requirement to inhibit a planned response results in
greater activation for a network of frontal brain areas. Ventral lateral prefrontal cortex
(VIPFC), dorsal lateral prefrontal cortex PFC (dIPFC), supplementary motor area (SMA),
anterior cingulate cortex (ACC) and basal ganglia regions have been consistently
implicated. The activation patterns are consistent with the idea the inhibition is a top-
down, controlled component of cognition. However, in these studies of response
inhibition, (Boecker et al., 2011; Jamadar et al., 2010; Mostofsky et al., 2003;
Ridderinkhof, Wildenberg, Segalowitzd, & Carter, 2004) participants are cued to actively
withhold a planned response. Later research considered whether inhibition induced by a
different type of task demand is controlled by different systems.

In a study of bilinguals Guo, Liu, Misra, and Kroll (2011) examined inhibition as

bilingual participants responded to stimuli in English and Chinese. In the blocked
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condition, participants responded to sets of stimuli using the same language throughout
each set. In the mixed language condition, participants responded to stimuli while
alternating between languages within each set. The authors measured two types of
inhibition. To measure global inhibition (i.e., the ability to inhibit the dominant language
and respond with the non-dominant language) the researchers compared behavioral
performance and BOLD responses between the non-dominant and dominant language, in
the blocked condition. To measure local inhibition (i.e., the ability to inhibit the language
used on the previous trial), the researchers compared behavioral performance and BOLD
response between blocked and mixed language conditions. The inhibition (global or
local) addressed by Guo et al. corresponds more closely to the inhibition conferred by the
response inhibition account than with the inhibition measured when actively interrupting
task processing (Boecker et al., 2011; Jamadar et al., 2010; Mostofsky et al., 2003;
Ridderinkhof, Wildenberg, Segalowitzd, & Carter, 2004) and as a result is likely more
predictive of the cognitive systems suggested by the response inhibition account. The
researchers found that the ACC and pre-SMA were more greatly involved in local
inhibition and the dIPFC and parietal cortex were more greatly involved in global
inhibition.

The response inhibition account of RR effects is largely supported by the
observation that highly activated responses induce greater inhibition relative to less
activated responses. The effect has been shown with three different methods of
manipulating response activation (Druey & Hibner, 2008b, Koch et al., 2011) and when
response processing is suppressed (Hibner & Druey, 2006). Additionally, there is

physiological evidence for a bias to switch responses after all trials (Steinhauser et al.,
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2009). However, the response inhibition account is unable to explain RR effects that
occur in long-lag repetition studies (Dennis et al., 2010; Dobbins et al., 2004; Horner &
Henson, 2009; Schnyer et al., 2007). In these studies RR effects are incurred when
stimuli repeat with many intervening trials. The response inhibition account states that
specific responses are temporarily inhibited to prevent accidental re-execution. Similarly,
it states that priming of stimulus categories, a short lived phenomenon, induces RR
benefit. The discrepancy between the short lived influences posited by the response
inhibition account and RR effects that occur after many intervening trials suggests that
another type of mechanism contributes to, or explains these results. Next, | review the
binding account of RR effects which states RR effects are the product of associations
between stimulus features and response components.
Binding Account

Several authors have proposed that bindings between various trial components,
typically an attribute of the task or stimulus and an attribute of the response, are the
source of RR effects. A large number of studies have focused on how stimuli are bound
to responses (Hommel, 1998; Horner & Henson, 2009; Rogers & Monsell, 1995;
Rothermund et al. 2005). Similarly, others have specifically demonstrated that distractor
elements of stimuli can also be bound to responses (Frings, Rothermund & Wentura
2007; Rothermund et al. 2005). Others have investigated the interaction of task transition
and response transition (Mayr & Kliegl, 2003), suggesting task sets are bound to
responses. It is also possible that the bindings between task sets and stimulus-response

associations contribute to RR effects (Mayr & Bryck, 2005).
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Kahneman, Treisman, and Gibbs (1992) first proposed the encoding and storage
of stimulus features in object-files. Kahneman et al. demonstrated priming for stimulus
features when they were repeated in conjunction, but not when they were repeated alone,
evidence that the features of a stimulus were bound or associated as ‘object files’.
Adding to this, Hommel suggested that responses may also become associated with
stimulus features, in what he called event-files. Using an adaption of the prime-probe
design, Hommel (1998) demonstrated that response transition also interacted with
changes in stimulus features. The interaction suggested the existence of stimulus-
response bindings, which he labeled ‘event-files’. In the experiments, Hommel (1998)
found evidence for object files, i.e., greater priming when repeating stimulus features
together rather than alone. There was also evidence for event-files, an interaction
between stimulus feature transitions and response transitions. The interaction consisted
of a RR benefit when features of a stimulus repeated from the prime to the probe, but RR
cost when features of a stimulus alternated from the prime to the probe.

Hommel (1998) noted that the binding of stimulus features and the binding of
stimulus features to responses only seemed to occur in pairs. There was evidence that
repeating the form and location of a stimulus together resulted in performance benefits,
but no evidence that repeating form, location and color together resulted in greater
benefits. Similarly, there was evidence that repeating a stimulus feature and a response
together resulted in benefits, but no evidence that repeating multiple stimulus features
with a response resulted in greater benefits. This suggested to Hommel that facilitation
and interference only occur when bindings between two features are repeated or altered

respectively. Hommel characterized these bindings as being local. Original theories of
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object files (Kahneman et al., 1992) and Hommel’s own a priori conception of event-files
described a global binding of all features of a stimulus together in an object file or all
features of a stimulus and response together in an event-file. As Hommel states, this does
not mean that bindings only exist between pairs of features. Many factors could impact
when and how bindings are created such as task demands, stimuli, practice and timing.
For the purposes of this investigation, | consider local bindings between a stimulus
feature and a response as a potential cause of RR effects.

Several predictions of Hommel’s (1998) account were later tested. Rothermund,
Wentura and de Houwer (2005) considered binding as an explanation for negative
priming. Negative priming (Waszak, Hommel, & Allport 2003; 2005) is a performance
cost incurred when the distractor from a prime task becomes the target on a probe task.
Both inhibition and binding theories exist to explain this process. According to the
inhibition account of negative priming, the distractor in the prime task is inhibited. When
the distractor later becomes a target in the probe task, performance costs are incurred due
to the extra processing needed to overcome the inhibition. According to the binding
account the distractor is not inhibited after the prime task, it becomes associated with the
response of the prime task. If the binding between the prime distractor and prime
response does not match the to-be-established binding between the probe target (prime
distractor) and the probe response, there is interference. If the two bindings match, the
binding established during the prime task facilitates performance during the probe task.

In four experiments, Rothermund et al. (2005) manipulated distractor transition
and response transition in a prime-probe design to test the two hypotheses. As expected,

the researchers observed negative priming when the prime distractor became the probe
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target, relative to when there was no relation between the prime distractor and probe
target. Importantly, the authors observed that negative priming interacted with response
transition. Negative priming was eliminated when the response repeated from prime to
probe. In contrast, negative priming increased when the response switched from prime to
probe. Stimulus-response binding can explain the moderation of negative priming by
response transition. An account of negative priming based only on inhibition of
distractors does not predict that negative priming would be affected by response
transition. The authors took this as evidence that stimulus features become bound to
responses. While this finding does not directly explain RR effects, it does strongly
suggest that stimulus feature-response associations exist and that they explain other
cognitive phenomenon.

In another test of Hommel’s (1998) event-file account, Frings, Rothermund and
Wentura (2007) also examined the relationship between distractor transition and response
transition. If distractor transition interacted with response transition, there would again
be evidence for the existence of event-files. They found a significant RR benefit when
the distractor repeated between trials and a significant RR cost when the distractor
switched between trials. Further investigation of the role of distractor transition on RR
effects demonstrated that associations between distractors and responses decay with time
(Frings, 2011) and that the proximity of distractors is a key factor determining whether
they become associated with responses (Frings & Rothermund, 2011).

Meiran (2000) provided additional support for the binding of stimulus features
and responses through the modeling of task-switching performance. Meiran’s model of

task-switching behavior adjusted the association strength of stimuli to response keys,
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after each time a response was executed to a stimulus. Meiran’s model of task-switching
performance was accurate in its predictions, further suggesting that RR effects are the
product of bindings between stimuli and responses.

Using a design similar to Meiran’s (2000), Mayr and Bryck (2005) were able to
demonstrate that tasks may in fact be bound to stimulus-response combinations.
Participants responded to stimuli located in the four corners of a square, based on one of
four rules (or tasks): vertical, horizontal, clockwise and counter-clockwise. The design
allowed for the stimulus and response to repeat across trials but the rule guiding the
relationship to change. To analyze the results, Mayr and Bryck (2005) looked at the
interaction of task transition and stimulus-response association transition. On task
repetition trials, there was a benefit to repeating the stimulus-response association,
relative to switching the stimulus-response association. On task switch trials, there was a
benefit to switching the stimulus-response association, relative repeating the stimulus-
response association. The authors considered this evidence for bindings that exist
between tasks and stimulus-response associations.

Behaviorally, the binding account of RR effects is also able to explain patterns
seen in the long-lag repetition literature described earlier (Dennis et al., 2010; Dobbins et
al., 2004; Horner & Henson, 2009; Schnyer et al., 2007). In these studies, researchers
observe priming benefits when a stimulus repeats with the same response attribute.
These repetition benefits occurred with long lags between trials. Additionally, the
priming benefits observed were dependent on a stimulus being repeated with a specific
response attribute. The response inhibition account is unable to explain these effects.

Specifically, Denkinger and Koutstaal (2009) reported evidence for stimulus-response
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bindings in a long-lag priming paradigm. In the study, participants performed size
classification tasks that required answering “yes” or “no” to whether a particular stimulus
was larger than a particular reference size. The reference size used for judgments
changed during each block, allowing the response to either repeat or switch from the
previous block. The authors observed performance benefits when a primed stimulus
repeated with a response, relative to unprimed stimuli. Importantly, they observed
performance costs when a primed stimulus repeated with a different response, relative to
unprimed stimuli. The results provide further evidence that RR effects result from
stimulus-response bindings.

Using fMRI, several sets of researchers have shed light on the neural processing
of object files and event-files. Keizer et al. (2008) displayed neurological evidence for
object files by showing participants pictures of faces and houses moving in various
directions. Participants first saw a prime stimulus (a moving house or face) and then saw
a probe stimulus (again, a moving house or face). The probe stimulus required a
response based on the direction of movement. Behaviorally there was evidence for object
files. Responses were faster when both the stimulus identity and movement direction
repeated or when both features switched, compared to when one of the two features
switched. This pattern was echoed by increased neural activation corresponding to the
feature of a previous binding that did not repeat, suggesting it had been automatically
recalled. For example, perceiving a face that was moving in the same direction as a just
perceived house resulted in activation of the parahippocampal place area (PPA). The
authors concluded that the perception of the repeated motion direction induced the

automatic recall of the previous stimulus identity associated with that motion.
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Kihn et al. (2011) displayed neurological evidence for event-files in a prime-
probe design similar to Hommel’s original 1998 design. In the experiment, they looked
for evidence that repeating trial features induces automatic recall of previously associated
features. They used face and house stimuli with responses that were mapped to the left or
right hand, allowing them to look at activity in the PPA, fusiform face area (FFA), left
motor cortex and right motor cortex. They also looked for a central processing area that
could be involved in detecting conflict induced by recalled event-files that differed from
the current processing episode. They were specifically interested in comparing activity
on trials in which both the stimulus and response repeated or switched to those in which
only the response or only the stimulus repeated.

They found that when only one feature of a previous trial repeated, there was
suppressed activity in the cortical area that corresponded to the unrepeated feature. For
example, if a prime stimulus was a house that required a right response and the probe
stimulus was a face that required a right response, then there would be suppressed
processing in the PPA during probe performance, relative to trials in which both trial
features switched or both repeated. Additionally, there was no indication of a central
control region being specifically involved when a previous event-file did not match the
current trial features. The researchers concluded that a conflicting previous event-file is
detected locally and results in the automatic suppression of the no longer relevant feature,
resulting in performance costs.

The results of Kuhn et al. (2011) and Keizer et al. (2008) are somewhat
contradictory. Kuhn et al. suggest that event-files lead to the suppression of neural

activity for previously associated features and Keizer et al. suggest that objects files lead
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to increased neural activity for previously associated features. Further research will be
needed to understand if these differences are tied to differences between object files and
event-files or tied to differences in behavioral demands of each study. Importantly
though, the studies shed light on the possible neural underpinnings of these cognitive
mechanisms.
Current Experiments

The current experiments are designed to investigate RR effects and use the
resulting information to achieve a greater understanding of cognitive control. First, they
provide evidence that response meaning and response execution are independent response
components with distinct mental representations. Previous research indicates this may be
the case, but does not rule out alternative explanations. Second, they demonstrate that
binding is the primary cause of RR effects while also showing that response inhibition
does impact RR effects. Previous research has shown support for both binding and
response inhibition as potential causes of RR effects. However, the support for each
account was garnered from predictions based on different factors. For example, the
response inhibition account is supported by analysis of previous trial response activation
and the binding account is supported by analysis of distractor transitions. In the current
experiments, | conduct the first direct test of the differing predictions made by each
account. These predictions are based on the same set of factors: the transitions of task,
response category, and motor response.

Review of the literature on response components suggests that both the motor
response and the response category contribute to RR effects. Numerous studies have

demonstrated RR effects when only the response category was repeated (Dennis et al.,
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2010; Dobbins et al. 2004; Druey & Hubner, 2008a; Horner & Henson, 2009; Schuch and
Koch, 2004; Schnyer et al. 2007). Other researchers demonstrated that merely planning a
response, without ever executing a motor response, could lead to its later inhibition
(Druey & Hiibner, 2008b; Hubner & Druey, 2006). However, in each case there are
potential alternative explanations. Schuch and Koch (2004) relied on arbitrary ‘left’ and
‘right’ response categories that could have been tied to a motor component of responses.
Druey and Hiibner’s (2008a) results depended on participant’s grouping of responses. It
could also have been tied to motor components of a response. Previous demonstrations
(Hibner & Druey, 2006; Schuch & Koch, 2011) of RR effects that occurred in the
absence of an actual prime motor response invite the possibility that planning of motor
action was integral in producing RR effects. Lastly, long-lag priming studies (Dobbins et
al., 2004; Horner & Henson, 2009; Schnyer et al., 2007) have shown response category
RR benefits, but not RR cost. Verifying the complete independence of response
categories also justifies the manipulation of response category transition and motor
response transition that allows for a direct test of the response inhibition account and
binding account.

Research on the source of RR effects suggests two possible accounts. The
response inhibition account and the binding account of RR effects each explain the
interaction observed between the transition of responses and the transition of tasks in the
task-switching literature. Importantly, while the explanations offered by each account are
fundamentally different, the two accounts of RR effects have not been directly compared.
This shortfall is due to the fact that each account makes similar predictions in traditional

task switching studies that do not de-confound response components. In the current
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experiments, by de-confounding response category and motor response, | demonstrate
that binding is the primary cause of RR effects. Additionally, | suggest that response
inhibition affects response selection time, but does not cause RR effects.

Each account predicts an effect at different stages of trial processing that depends
on details of the previous trial. According to the binding account, the task and response
of each trial are bound together. According to the inhibition account, the response of
each trial is inhibited after its execution. The processes of each account are not mutually
exclusive and can both be accurate in their predictions of how previous trial events affect
current trial performance. | next present an account of RR effects that incorporates the
predictions of both the binding account and the response inhibition account as
independent mechanisms.

During task execution, mental representations of tasks, stimuli and responses are
activated. As the binding account states, activating a trial component that is part of a
previously formed binding induces the automatic recall of the binding. If the previous
binding and to-be-established binding do not match, interference ensues and performance
suffers. This interference seemingly does not require top-down control to resolve, as
evidenced by an absence of increased activation in the brain areas typically tied to top-
down control (Kuhn et al., 2011). Before a response has been selected this interference
results in decreased performance for trials in which the task (or stimulus) repeats and the
responses switches relative to when both repeat. The interference also results in
decreased performance for trials in which the task (or stimulus) switches and response
repeats relative to when both switch. At the point of response activation, performance

measures would indicate an interaction of task transition and response transition,
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suggesting that binding is the primary cause of RR effects. A response must then be
selected from the active options. As the response inhibition account states, response
selection performance is a product of the extent to which the to-be-selected response was
previously inhibited. Accordingly, response inhibition may increase or decrease RR
effects, but it is not the cause of them. 1 also point out that response inhibition is only
recruited when there is significant response conflict. This depiction of independent
mechanisms each contributing to RR effects is supported by the findings of the current
experiments, in combination with the findings of previous research.

Four experiments were used to examine response components and to compare the
two accounts of RR effects. In Experiment 1, I use a design that is similar to those used
by Druey and Hiibner (2008) and Schuch and Koch (2004). In contrast to these studies,
the experiment uses two tasks that naturally share response categories but have
independent motor responses. To ensure that any RR cost observed in this study was not
a product of specific motor response attributes, response mappings were manipulated
between subjects. An observation of RR cost when only the response category repeats
would be strong evidence that response categories do contribute to RR effects. The
experiment also provides an opportunity to test the response inhibition account of RR
effects by analyzing whether RR effects are modulated by the congruency of the previous
response. Prior to this analysis, a simple analysis was conducted to verify better
performance on congruent stimuli, as would be expected if they induce greater response
activation. If there is not an effect of stimulus congruence, then prime stimulus
congruence should not be predictive of probe task RR effects. Additionally the results of

this experiment, in combination with the results from previous work, justify the
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assumption of distinct response components in the predictions set out by the binding
account and response inhibition account.

Experiments 2 and 3 each de-confound response categories and motor responses
to investigate RR effects. They followed similar procedures but use different tasks and
stimuli. In each experiment, participants issued motor responses according to whether a
provided response category (that was indicated by the location of the stimulus) was
consistent with the actual response category. This allowed for the direct comparison of
the response inhibition account and the binding account as explanations of RR effects.
The response inhibition account would be supported by additive costs to repeating
response components and a performance benefit when repeating the stimulus category.
The binding account would be supported by an interaction of task transition, response
category transition and motor response transition. Repeating components together or
switching components together should lead to better performance than when repeating or
switching components in isolation. In the introduction to Experiment 2, | further explore
the predictions made by each account when task transition, response transition and motor
response are independently manipulated.

The experiments also allow for a separate analysis of previous trial stimulus
congruency on current trial RR effects (Druey & Hubner, 2008b; Hibner & Druey,
2006). As was done in Experiment 1, the effect of stimulus congruence was considered
before interpreting the analysis of previous trial congruence on current trial RR effects.
An effect of previous trial congruence on current trial RR effects would suggest that
response inhibition does contribute to RR effects. Importantly, such a result would only

support the response inhibition account, but would not affect any conclusions reached
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from the analysis of task transition, response category transition and motor response
transition.

In Experiment 4, a third design is used to de-confound response category and
motor response. In the experiment, responses were issued with mouse clicks on images
representing response categories that randomly switched locations on each trial. This
allows for response category transition and motor response transition to vary
independently, permitting an analysis of task transition, response category transition and
motor response transition. Similarly to Experiments 2 and 3, one of two general patterns
can be expected that would be representative of either the response inhibition or binding
account of RR effects. A pattern of results matching those of Experiments 2 and 3 would
demonstrate that the findings were not merely a product of a particular procedure.
Additionally, the experiment allows for a separate analysis of previous trial stimulus
congruency on current trial RR effects, as a test of the response inhibition account.
Again, the effect of stimulus was considered before interpreting the analysis of previous
trial congruence on current trial RR effects.

Experiment 1

Experiment 1 was designed to investigate the role of response categories on RR
effects independent of motor responses. Participants performed a magnitude task (greater
or less than 5) on one of two stimulus dimensions. The stimulus of a given trial was
comprised of a value dimension (a digit 1-9 excluding 5) and a group dimension (the
number of times a digit was presented, i.e., 1-9). Switching between stimulus dimensions
has been shown to produce the same costs as switching between tasks (Allport et al.

1994). To isolate response category and motor responses, each stimulus dimension was
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responded to using separate hands. When the responded-to dimension switches
(essentially a task switch), the response category (greater or less than 5) can repeat
without the motor response repeating. Observation of RR cost, when the task switches
and the response category repeats, would demonstrate that repeating response categories
alone produces RR effects. The configuration of response keys was manipulated between
subjects. Invariant results across groups would be strong indication that semantic
response categories play a role in RR effects. Lastly, the role of prime stimulus
congruency on probe task RR effects was examined as a test of the response inhibition
account (see Figure 3).

Method

Participants. Sixty-seven subjects were recruited from The George Washington
University and surrounding area. Of the subjects, twenty-one completed the experiment
with response mapping A, twenty-five completed the experiment with response mapping
B and twenty-one completed the experiment with response mapping C. They received
course credit for participating in the study.

Task and stimuli. Participants performed a magnitude classification task on one
of two dimensions of the stimulus. The stimulus consisted of a single digit, one to nine
(excluding 5), presented one to nine times (again excluding 5). Green font indicated the
group task and violet font indicated the value task. The group task consisted of judging
whether there were more or less than five digits presented on the screen, independent of
digit identity. The value task required that subjects judge whether the digit presented was

more or less than five, independent of the number of presentations.
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Three response mappings were used (see Figure 4). The response mapping for the
value task was the same across groups. If the value is more than five, then participants
responded with the 'd" key using their left middle finger and if the value was less than
five, then participants responded with the 'c' key using their left pointer finger. Response
mappings for the group task varied across participants. In mapping A, more than 5 was
indicated by the 'k’ key using the right middle finger and less than five was indicated by
the 'm' key using the right pointer finger. In mapping B, more than 5 was indicated by
the '2' key (on the keypad) using the right middle finger and less than five was indicated
by the '1' key (on the keypad) using the right pointer finger. In mapping C, more than 5
was indicated by the '1' key (on the keypad) using the right pointer finger and less than
five was indicated by the '2' key (on the keypad) using the right middle finger.

Procedure and design. Each trial consisted of a prime task and a probe task.
Feedback was presented for both tasks after the probe response (see Figure 5). The prime
stimulus was presented for 1000 ms or until participants responded. If no response was
produced in the initial 1000 ms, the screen went blank until participants respond. After
the prime response there was a 1000 ms response to stimulus interval (RSI), consisting of
a blank screen. The probe stimulus was then presented for 1000 ms, or until participants
responded. If no response was produced in the initial 2000 ms, the screen went blank
until participants responded. After the second response, the screen remained blank for
1000 ms until the presentation of feedback. Feedback for accuracy and latency of both
tasks was then displayed for 500 ms. Feedback was immediately followed by a blank

screen for 200 ms.
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Tasks and stimuli were randomly assigned to each trial with the previous target
and distractor omitted from selection. Participants were encouraged to be as fast as
possible while maintaining a high level of accuracy. Participants were trained on the
tasks, stimuli and responses for approximately 10 minutes. Then, they completed a 64
trial practice block. After practice, participants completed 4 blocks of 64 trials (256
total). After each block a short break was encouraged.

Results

Ten subjects with less than 75% accuracy were eliminated from analysis. Of the
omitted subjects, three were from response mapping A, 4 from response mapping B, and
three were from response mapping C. For a trial to be considered accurate, both the
prime and probe response had to be correct. Practice trials, initial trials of a block, error
trials, and response times of less than 150 ms or more than 5000 ms were excluded from
analysis.

Latency and accuracy data were subjected to three-way mixed-model analysis of
variance tests (ANOVA) with task transition (switch or repeat) and response transition
(switch or repeat) as within subject variables and response mapping (A, B, and C) as a
between subject variable. A two-way ANOVA with prime stimulus congruency and
probe task RR effects as variables was conducted on latency and accuracy data to test the
response activation prediction of the response inhibition account. To conduct the
analysis, RR benefit (the difference between response repetitions and response switches
in the task repetition condition) and RR cost (the difference between response repetitions
and response switches in the task switch condition) were calculated for probe task RT,

when the prime stimulus was congruent and for when the prime task was incongruent.
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Prior to conducting this analysis, the effect of prime stimulus congruency was measured
to verify that congruent stimuli did induce different response patterns than incongruent
stimuli.

Accuracy. Response key mapping did not interact with any variables. There was
a main effect of task transition, task repetition trials (.95) were more accurate than task
switch trials (.93), F(1, 54) = 11.06, p < .005. There was a main effect of response
transition, response switch trials (.95) were more accurate than response repetitions (.93),
F(1, 54) = 23.07, p < .001. The interaction between task transition and response
transition was significant F(1, 54) = 10.89, p < .05. The interaction stemmed from
greater accuracy for response switches than repetitions in the task switch condition, t(54)
=-5.78, p <.001, no significant difference existed in the task repetition condition p > .25.
(See Table 1)

There was a significant effect of prime stimulus congruence. Responses to
congruent stimuli were significantly more accurate (.98) than responses to incongruent
stimuli (.90) t(56) = 12.46, p < .001. In the analysis of prime stimulus congruency and
probe task RR effects, there was no interaction. There was a significant main effect of
RR effect, with RR benefit (.00) being significantly different than RR cost (-.04), F(1,
54) =3.73, p <.001. Importantly there was also a significant main effect of congruency.
Mean RR effect on congruent trials (-.04) was significantly different than mean RR effect
on incongruent trials (.00) F(1, 54) = 8.98, p < .001. (See Table 1)

Latency. In the analysis of task transition, response transition and response
mapping, there was no interaction of response key mapping with any other variable.

There was a main effect of task transition, task repetition trials were faster (767 ms) than
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task switch trials (951 ms), F(1, 54) = 113.46, p <.001. The interaction between task
transition and response transition was significant F(1, 54) = 15.77, p < .001. The
interaction was caused by response repetition (977 ms) trials being significantly slower
than response switch (826 ms) trials in the task switch condition, t(56) = 3.67, p <.001.
In contrast, on task repetition trials, response repetitions (754 ms) were significantly
faster than response switches (780 ms), t(56) = -2.68, p < .01. (See Table 1 and Figure 6.)

There was a significant effect of prime stimulus congruence. Responses to
congruent stimuli were significantly faster (1008 ms) than responses to incongruent
stimuli (1087 ms) t(56) = -7.85, p <.001. In the analysis of prime stimulus congruency
and probe RR effects, there was no interaction. There was a significant main effect of
RR effect, with RR benefit (-29 ms) being significantly less than RR cost (44 ms), F(1,
54) =15.47, p <.001. Importantly, there was also a significant main effect of
congruency. Mean RR effect on congruent trials (29 ms) was significantly greater than
mean RR effect on incongruent trials (-14 ms) F(1, 54) = 10.42, p < .005. (See Table 1
and Figure 7.)
Discussion

The results of Experiment 1 followed the predictions discussed in the
Introduction. First, there was a significant task switch cost, supporting the notion that
switching between different stimulus domains is equivalent to switching between
different tasks. Second, there was an interaction between task transition and response
category transition. When the task repeated, repeating the response category resulted in
better performance than switching the response category. When the task switched,

repeating the response category resulted in worse performance than switching the
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response category. Third, the interaction of task transition and response category
transition did not differ between response mapping groups. This suggests that physical
traits of motor responses did not impact RR effects and that repeating the task defined
response categories led to RR effects.

Further, the analysis of probe task RR effects and prime stimulus congruency
supported the predictions made by the response inhibition account. There was no
interaction between the variables, but main effects of congruence and RR effect. When
the prime stimulus was congruent, relative to incongruent, RR benefit decreased and RR
cost increased, suggesting that increased activation induced by stimulus congruency does
impact RR effects. This pattern was seen in both accuracy and latency. There was
significant effect of stimulus congruence in both accuracy and latency, suggesting
congruent stimuli induced greater response activation than incongruent stimuli.

Two results are important for the theoretical considerations of this experiment.
First, the observation of RR cost during prime trials in the absence of a motor response
repetition clearly suggests that response categories contribute to RR effects. This finding
is consistent with previous research (Dennis et al., 2010; Dobbins et al., 2004; Druey &
Hibner, 2008a; Horner & Henson, 2009; Schnyer et al., 2007; Schuch & Koch, 2004).
However, this is the first observation of RR cost, incurred from repeating natural
response categories that could not be attributed to any possible physical response feature.
Previous work has demonstrated RR effects in the absence of direct motor response
repetitions, but there was always a possible confound. For example, in Schuch and Koch
(2004) response categories were tied to left or right physical attributes. In Druey and

Hiibner (2008a) response categories were tied to individual subjects’ finger groupings. In
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Hubner and Druey (2006) motor responses were suppressed, but is possible that the RR
effects they found were tied to motor planning, not response category activation.

Second, the effect of prime stimulus congruency on probe trial RR effects is a
strong indication that response activation is involved in RR effects. Previous research
(Druey & Hibner, 2008b; Hubner & Druey, 2006) has demonstrated consistent effects of
response activation on RR effects and the current observation of such an effect suggests
that the account has merit. In Experiments 2, 3 and 4 further evidence supporting these
findings is presented, along with a more in depth investigation the two accounts of RR
effects.

Experiment 2

The response inhibition account (see Figure 2a) and binding account (see Figure
2b) each predict an interaction of task transition and response transition in traditional task
switching paradigms. In Experiment 2 (and Experiment 3), a variation of the traditional
task switching paradigm in which subjects first classify a stimulus and then respond to
whether their classification matches a provided classification was used. The provided
classification is indicated by the location of stimulus presentation. Importantly, the
design allows for the response category and the motor response to vary independently.
When the response category and the motor response are decoupled, the binding and the
response inhibition account make distinct predictions. The inhibition account predicts
additive relationship between these components, with costs to repeating each. The
binding account predicts an interactive relationship between these components, with cost

to repeating either in isolation relative to repeating (or switching) both.
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| begin by laying out the constructs of the response inhibition account: a task
repetition benefit, response inhibition, and a stimulus category repetition benefit. A task
repetition benefit, or task switch cost, is expected by either account. The response
inhibition account assumes a priming benefit when the stimulus category is repeated.
The account also predicts that response inhibition results in a cost when repeating a
response. Previous work on RR effects suggests both response categories and motor
responses contribute to response patterns. Therefore, the predictions put forth are based
on separate costs to repeating the response category and motor response.

The response inhibition account predicts additive effects of two factors: response
inhibition cost and stimulus category priming benefit (see Figure 8). Two important
predictions can be highlighted. First, in the task repetition condition, the account predicts
that when the response category switches and the motor response repeats, response
latency is expected to be significantly slower than any other transition. This is because
response inhibition is predicted as a result of repeating the motor response, but no
priming benefit is predicted because the stimulus category switches. In each of the other
response component transition possibilities, both stimulus category benefit and response
inhibition are predicted or neither is predicted. Second, in the task switch condition only
response inhibition is theorized to influence performance. The results can be
characterized by additive costs to repeating response components. Importantly, repeating
both response components should result in a greater cost than repeating only one
response component.

According to the binding account, performance is predicted by the repetition or

alteration of associations between trial components. These associations are formed
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during trial processing and are later automatically recalled when following trials include
an element of the previous association. If a recalled association does not match the to-be
constructed association, then interference of previous associations is detrimental to
performance. In the current paper we consider interference from altered local bindings
between the task and response category, between the task and motor response, and
between the response category and motor response.

The binding account predicts an interactive relationship between motor responses
and response categories in both the task repetition and the task switch condition (see
Figure 9). Two important predictions are again highlighted. Within the task repetition
condition, the binding account predicts costs to switching the response category, the
motor response, or both response components (compared to when both response
components repeat). Within the task switch condition, an interaction is also predicted.
The binding account predicts costs to repeating either the response category or motor
response compared to when neither are repeated. In direct contrast to the response
inhibition account, repeating both response components is predicted to result in no worse
performance than repeating each response component individually.

As was done in Experiment 1, an analysis of previous trial congruence and current
trial RR effects was conducted. A control condition was administered for Experiments 2
and 3, as a precautionary measure in case the effect of previous stimulus congruency was
obstructed by the requirement to verify a provided response. The control condition
(referred to as the classification condition) used a traditional task switching design in
which participants responded directly to stimuli. The experimental condition (referred to

as the verification condition) described earlier required participants to verify a provided
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response category and dissociated response category and motor responses. Finding a
significant effect of previous stimulus congruency in the classification condition, but not
in the verification condition, would suggest response activation does play a part in RR
effects, but that its role was obstructed by the verification procedure.

Method

Participants. Twenty-nine subjects were recruited from The George Washington
University and surrounding area. They received course credit for participating in the
study.

Task and Stimuli. In the classification condition, tasks, cues and stimuli closely
matched those in Experiment 1. Participants used the 's" and 'l' keys to respond to both
tasks. The's' key was used to respond that a group was more than five or that a value was
higher than five. The 'I' key was used to respond that a group was less than five or that a
value was lower than five.

In the verification condition, stimuli were presented either centered on the top half
or bottom half of the screen (see Figure 10). The top half of the screen was designated as
the more than ‘5’ location for the group task and the higher than °5° location for the value
task. The bottom half of the screen was designated as the less than ‘5’ location for the
group task and the lower than ‘5’ location for the value task. Participants responded to
whether or not the stimulus appeared in the ‘correct’ location. They first mentally
classified stimuli according to the task and then responded to whether their categorization
matched with the categorization provided by the location of the stimulus (top or bottom
half of the screen). If the categorizations matched then participants were told to respond

with the 'c’' key, if not, they were told to respond with the 'n' key.
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Procedure and Design. Tasks were presented continuously as opposed to in
prime-probe pairs as in Experiment 1. Trials of both conditions followed the same
procedure. First, the stimulus was presented for 1000 ms or until participants responded.
If no response was produced in the initial 2000 ms, the screen went blank until
participants responded. After a response, feedback for accuracy and latency was
displayed for 1250 ms. The screen then went blank for 2000 ms and was followed by the
presentation of the next stimulus. Tasks and stimuli were randomly selected to each trial,
but the previous target and distractor element were omitted from selection. Participants
were encouraged to be as fast as possible while maintaining a high level of accuracy.
Participants were trained on the tasks, stimuli and responses for approximately 10
minutes. Then, they completed a 64 trial practice block for each condition. After
practice, participants alternated for 8 blocks between the classification condition and the
verification condition (64 trials each, 512 total). Between each block a short break was
encouraged.

Results

Six subjects achieving less than 75% accuracy were omitted from analysis.
Practice trials, initial trials of a block, error trials, and response times of less than 150 ms
or more than 5000 ms were excluded from analysis.

Mean latency and accuracy data were subjected to several analyses. Data from
the classification condition were subjected to a two-way ANOVA with task transition and
response transition as variables to test for both a main effect of task (switch-cost) and
interaction of task transition and response transition (RR effects). Additionally, the data

were subjected to a two-way ANOVA with RR effect (RR benefit or RR cost) and
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previous trial stimulus congruence as variables to test response activation prediction of
the response inhibition account. The effect of stimulus congruency was also measured.

In the verification condition, a three-way ANOVA with task transition (switch or
repeat), motor response transition (switch or repeat) and response category transition
(switch or repeat) as variables was run. This was done to analyze whether latency data
support the response inhibition or the binding account of RR effects. Predictions of the
two accounts were laid out in the introduction of Experiment 2.

Verification data were also analyzed in a two-way ANOVA with RR effects (RR
benefit [difference between trials in which both response components repeat and when
both response components switch in the task repetition condition] or RR cost [difference
between trials in which both response components repeat and when both response
components switch in the task switch condition]) and previous trial stimulus congruence
(congruent or incongruent) as variables. An effect of previous trial stimulus congruence
on RR effects would support the response inhibition account. The effect of stimulus
congruency was also measured.

Accuracy. In the classification condition there was an interaction of task
transition and response transition, F(1, 22) = 14.59, p <.001. In the task repetition
condition, response repetition trials (.96) were more accurate than response switch trials
(.92), t1(22) = 3.85, p < .001. In the task switch condition, response switch trials (.95)
were more accurate than response repetitions (.91), t(22) = -2.63, p <.05. (See Table 2
and Figure 11.)

There was a not significant effect of stimulus congruency, p > .05. In the analysis

of previous stimulus congruency and current trial RR effects, there was a main effect of
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previous stimulus congruency, F(1, 22) =5.52, p <.05. Participants were less accurate
on current trials when the previous trial stimulus was congruent (.93) than incongruent
(.94). There was also a main effect of RR effect, F(1, 22) = 12.09, p <.005, meaning RR
benefit (.04 greater accuracy for response repetitions compared to response switches in
the task repetition condition) was different than RR cost (-.03 worse performance for
response repetitions compared to response switches in the task switch condition)
regardless of previous stimulus congruency. There was no interaction, p >.3. (See Table
2 and Figure 12.)

In the verification condition, there was a three-way interaction for the analysis of
task transition, response category and motor response, F(1, 22) =7.39, p <.05. This s
characterized by an interaction of response category transition and motor response
transition in the task repetition condition F(1, 22) = 17.72, p < .001, but not in the task
switch condition p > .9. The interaction in the task repetition condition was due to a main
effect of response category, F(1, 22) = 26.82, p < .001, with response category repetitions
(.94) significantly more accurate than response category switches (.93), t(22) =-2.63, p <
.05, but no main effect of motor response, p >.1. There were no main effects and there
was no interaction in the task switch condition p > .3. (See Table 2 and Figure 13.)

There was a not significant effect of stimulus congruency, p > .4. In the analysis
of previous stimulus congruency and RR there was a main effect of RR effect, F(1, 22) =
6.91, p < .05, meaning RR benefit (.10 greater accuracy for response repetitions
compared to response switches in the task repetition condition) was different than RR
cost (.01 worse performance for response repetitions compared to response switches in

the task switch condition) regardless of previous stimulus congruency or spatial
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compatibility. There was not a main effect of stimulus congruency and there was no
interaction of variables, p > .1. (See Table 2 and Figure 14.)

Latency. In the classification condition there was an interaction of task transition
and response transition, F(1, 22) = 27.27, p < .001. In the task repetition condition,
response repetition trials (787 ms) were faster than response switch trials (900 ms), t(22)
=5.81, p<.001. In the task switch condition, response switch trials (914 ms) were faster
than response repetitions (966 ms), t(22) = 2.93, p < .01. (See Table 2 and Figure 11.)

There was a significant effect of stimulus congruence, responses to congruent
stimuli were significantly faster (854 ms) than responses to incongruent stimuli (927 ms)
t(22) =-5.57, p <.001. In the analysis of previous stimulus congruency, previous trial
spatial compatibility and current trial RR effects there was a main effect of RR effect,
F(1, 22) = 26.20, p < .001. Response repetition benefit (114 ms faster RT for response
repetitions compared to response switches in the task repetition condition) was different
than RR cost (52 ms slower RT for response repetitions compared to response switches in
the task switch condition) regardless of previous stimulus congruency. There was not a
significant effect of previous stimulus congruency, p > .2, but RR cost was greater if the
previous stimulus was congruent compared to if the previous stimulus was incongruent
(24 ms) and RR benefit was less if the previous stimulus was congruent compared to if
the previous stimulus was incongruent (23 ms). There was no interaction, p > .9. (See
Table 2 and Figure 12.)

In the verification condition, there was a three-way interaction for the analysis of
task transition, response category and motor response, F(1, 22) = 23.07, p <.001. Within

each task transition condition, there was a two-way interaction between response
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category transition and motor response transition, task repetition condition F(1, 22) =
55.56, p <.001 and task switch condition, F(1, 22) = 5.46, p < .05. The interaction in the
task repetition condition occurred because when repeating the response category it was
faster to repeat the motor response (1010 ms) than to switch the motor response (1291
ms), t(22) = 7.29, p <.001, but when switching the response category it was faster to
switch the motor response (1159 ms) than to repeat the motor response (1327 ms), t(22) =
5.33, p <.001. The interaction in the task switch condition occurred because when
repeating the response category it was not significantly faster to repeat the motor
response (1294 ms) than to switch the motor response (1325 ms) p >.2, but when
switching the response category it was faster to switch the motor response (1270 ms) than
to repeat the motor response (1341 ms), t(22) = 2.54, p < .05. (See Table 2 and Figure
13)

There was a significant effect of stimulus congruence. Responses to congruent
stimuli were significantly faster (1210 ms) than responses to incongruent stimuli (1291
ms) t(22) = 4.24, p <.001. In the analysis of previous stimulus congruency and current
trial RR effects, there was a main effect of RR effect, F(1, 22) = 26.20, p < .001.
Response repetition benefit (167 ms faster RT for response repetitions compared to
response switches in the task repetition condition) was different than RR cost (44 ms
slower RT for response repetitions compared to response switches in the task switch
condition) regardless of previous stimulus congruency. There was not a main effect of
previous trial congruency p >.1. However, following congruent stimuli, RR benefit was
~71 ms lesser and RR cost ~71 ms greater than following incongruent stimuli. There

were no interactions between variables p > .4 (See Table 2 and Figure 14.)
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Discussion

Several important results emerged in Experiment 2. First, in the classification
condition there was evidence of RR effects demonstrated by an interaction of task
transition and response transition in both latency and accuracy. There was evidence that
congruent stimuli induced greater response activation. Responses to congruent stimuli
were faster than responses to incongruent stimuli. There was also evidence that the
increased response activation induced greater response inhibition. Following congruent
stimulus trials, response inhibition increased. This was evidenced by increased RR cost
and decreased RR benefit, observed in both latency and accuracy.

In the verification condition the analysis of task transition, response category
transition and motor response transition revealed interactions of response category
transition and motor response transition in both the task repetition and task switch
condition. This is consistent with the binding account of RR effects. The results depict
that when the task repeated, performance was best when also repeating both response
components. In contrast, the response inhibition account predicts that when repeating the
task, the best performance should be observed when the response category repeats and
that motor response switches. The results also indicate a cost to repeating either response
component alone, but no cost when response components are repeated in conjunction,
relative to when repeating both response components. This is consistent with a binding
account but not the inhibition account. When the task switched, there was also an
interaction characterized by a greater cost to repeating either response component alone
compared to when repeating both or switching both. Importantly, the results depict a

benefit to repeating both response components in the task switch condition compared to
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when repeating only one response component. This is in direct contradiction to the
predictions of the response inhibition account that would predict greater costs to
repeating both response components compared to repeating either response component
alone.

In the analysis of previous stimulus congruency and RR effects, there was support
for the response inhibition account. Previous response activation, predicted by stimulus
congruence did impact RR effects. In the classification condition, congruent stimuli were
responded to quicker. According to the response inhibition account means they induced
greater response activation. There was increased RR cost and decreased RR benefit
following trials with previously congruent stimuli. This pattern was significant in
accuracy measures but only trending for latency. In the verification condition, congruent
stimuli were responded to quicker than incongruent stimuli, suggesting they induced
greater response activation. Again, there were trends towards greater RR cost and
decreased RR benefit following trials with congruent stimuli, but the difference was not
significant in accuracy or latency.

Two findings emerged from the results of Experiment 2. First, the analysis of
task transition, response category transition and motor response transition clearly
supports the binding account of RR effects. Second, response activation did impact RR
effects. Specifically, the effect of previous stimulus congruency was directionally
consistent with previous findings, although it was not always statistically significant.

Experiment 3
In Experiment 3, two potential confounding details of Experiment 2 were

addressed. First, the experiment addresses whether the results of the analysis of task
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transition, response category transition and motor response transition were somehow
dependent on the natural response categories (greater than 5 or less than 5) established by
the group and value magnitude tasks. Instead of the group and value tasks used in
Experiments 1 and 2, a parity task (odd/even classification) and a letter task
(consonant/vowel classification) were used. The response mapping established arbitrary
response categories of consonant/even/S key (because consonant and even were both
responded to with the S key) and vowel/odd/L key (because vowel and odd were both
responded to with the L key).

Second, it addresses whether the findings of previous stimulus congruency
analysis are dependent on stimuli that induce greater response conflict. In this
experiment, stimuli were composed of a letter and a number pair. Depending on the task,
one character served as the target the other as the distractor. Importantly, each target can
only be categorized according to one task. In Experiments 1 and 2, the target and
distractor were inseparable, causing greater response conflict. For example, processing
the group size of a given stimulus could have induced the automatic processing of the
value dimension, leading to greater response conflict. It is possible that the effect of
previous stimulus congruence is merely a byproduct of high response conflict situations
and not the general mechanism of RR effects.

The two experiments vary not only in the specific tasks and stimuli used, but also
in the counterbalancing of condition order, feedback presentation, and trial timing. The
design ensures that any results of Experiment 2 were not the product of specific
experimental demands. This is important because the analyses of task transition,

response category transition, and motor response transition, which is central to the
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conclusions of this paper, has not been previously used in the study of RR effects. Thus,
it is possible that an unexpected methodological confound could be leading to the results.
| expect results to be similar between the Experiments 2 and 3, demonstrating that they
were not a product of the specific tasks or stimuli used in Experiment 2.

Method

Participants. Thirty subjects were be recruited from The George Washington
University and surrounding area. They received course credit for participating in the
study.

Task and Stimuli. In the classification condition, each stimulus consisted of an
adjacent letter and number (left or right position randomly selected) centered on the
screen. The stimuli were presented in red or green font color, to indicate the letter and
number classification respectively. Participants performed two different classification
tasks. In the letter task, they judged the given letter as vowel (A, E, 1 and U) or
consonant (G, K, M, and T). In the number task they judged the given number as even
(2,4,6 and 8) or odd (3, 5, 7 and 9). Participants responded with the 's' key to indicate a
letter was consonant or a number was even and responded with the 'I' key to indicate a
letter was vowel or a number was odd.

In the verification condition, presentation of the stimulus was accompanied by
location labels. The top half of the screen was labeled "Consonant/Even™ in small print
centered on the top left edge of the screen. The bottom half of the screen was labeled
"Vowel/Odd" in small print centered on the bottom left edge of the screen.

Procedure and Design. The procedure and design matched that of Experiment 2,

with a few differences. After each response, feedback for accuracy and latency was
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displayed for 500 ms in the case of an accurate trial and 1500 ms in the case of an
incorrect trial. This was immediately followed by the presentation of the next stimulus.
Participants completed a 64 trial practice block followed by 4 blocks of 64 trials for
either the verification or classification condition. That was followed by a 64 trial practice
block and 4 blocks of 64 trials of the other condition. Condition order was
counterbalanced between participants.

Results

Seven subjects achieving less than 75% accuracy were omitted from analysis.
Practice trials, initial trials of a block, error trials, and response times of less than 150 ms
or more than 5000 ms were excluded from analysis. The data analysis from Experiment
2 was repeated.

Accuracy. In the classification condition there was an interaction of task
transition and response transition, F(1, 22) = 24.56, p <.001. In the task repetition
condition, response repetition trials (.99) were more accurate than response switch trials
(.97), 1(22) = 2.14, p < .05. In the task switch condition, response switch trials (.97) were
more accurate than response repetitions (.93), t(22) = -4.55 p <.001. (See Table 3)

There was a not significant effect of stimulus congruence, p > .6. In the analysis
of previous stimulus congruency and current trial RR effect there was a main effect of
RR effect, F(1, 22) = 28.03, p < .001, meaning RR benefit (.01 greater accuracy for
response repetitions compared to response switches in the task repetition condition) was
different than RR cost (.04 worse performance for response repetitions compared to

response switches in the task switch condition) regardless of previous stimulus
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congruency. There was no interaction or main effect of previous stimulus congruency, p
>.8. (See Table 3)

In the verification condition, there was a three-way interaction for the analysis of
task transition, response category and motor response, F(1, 22) = 10.78, p <.005. This
was caused by an interaction of response category transition and motor response
transition in the task repetition condition F(1, 22) = 14.73, p < .001, but no interaction in
the task switch condition, p > .7. In the task repetition condition, when repeating the
response category there was greater accuracy if the motor response also repeated (.98)
than if the motor response switched (.93), t(22) = 2.94, p <.01. When switching the
response category, there was greater accuracy if the motor response also switched (.94)
than if the motor response repeated (.89), t(22) = 2.78, p < .05. In the task switch
condition there was a main effect of response category transition, F(1, 22) = 4.30, p <
.05, with response category switches (.95) more accurate than response category
repetitions (.93). There was also a main effect of motor response transition F(1, 22) =
6.13, p < .05, with motor response switches (.95) more accurate than motor response
repetitions (.92). (See Table 3)

There was a not significant effect of stimulus congruence p >.3. In the analysis
of previous stimulus congruency and RR effects there was a main effect of RR effect,
F(1, 22) = 16.93, p <.001, meaning RR benefit (.04 greater accuracy for response
repetitions compared to response switches in the task repetition condition) was different
than RR cost (.05 worse performance for response repetitions compared to response

switches in the task switch condition) regardless of previous stimulus congruency or
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spatial compatibility. There were no other main effects of interactions, p > .05. (See
Table 3)

Latency. In the classification condition there was an interaction of task transition
and response transition, F(1, 22) = 25.04, p <.001. In the task repetition condition,
response repetition trials (1110 ms) were faster than response switch trials (1202 ms),
t(22) = 3.07, p < .01. In the task switch condition, response switch trials (1663 ms) were
faster than response repetitions (1726 ms), t(22) = 2.27, p < .05. (See Table 3 and Figure
15.)

There was a not significant effect of stimulus congruence, p > .6. In the analysis
of previous stimulus congruency and current trial RR effects, there was a main effect of
RR effect, F(1, 22) = 25.47, p < .001. Response repetition benefit (93 ms faster RT for
response repetitions compared to response switches in the task repetition condition) was
different than RR cost (60 ms slower RT for response repetitions compared to response
switches in the task switch condition) regardless of previous stimulus congruency. There
were no other interactions or main effects, p > .9. (See Table 3 and Figure 16.)

In the verification condition, there was a three-way interaction for the analysis of
task transition, response category and motor response, F(1, 22) = 30.32, p <.001. Within
each task transition condition, there was a two-way interaction between response
category transition and motor response transition, task repetition condition F(1, 22) =
67.91, p <.001 and task switch condition, F(1, 22) = 11.71, p <.005. The interaction in
the task repetition condition occurred because when repeating the response category it
was faster to repeat the motor response (1317 ms) than to switch the motor response

(1637 ms), t(22) = 6.84, p <.001, but when switching the response category it was faster
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to switch the motor response (1457 ms) than to repeat the motor response (1744 ms),
t(22) = 6.22, p <.001. The interaction in the task switch condition occurred because
when repeating the response category it was significantly faster to repeat the motor
response (1911 ms) than to switch the motor response (1929 ms) p > .5, but when
switching the response category it was faster to switch the motor response (1830 ms) than
to repeat the motor response (1968 ms), t(22) = 4.29, p <.001. (See Table 3 and Figure
17.)

There was a not significant effect of stimulus congruence, p > .6. In the analysis
of previous stimulus congruency and current trial RR effects, there was a main effect of
RR effect, F(1, 22) = 11.21, p < .005. Response repetition benefit (137 ms faster RT for
response repetitions compared to response switches in the task repetition condition) was
different than RR cost (60 ms slower RT for response repetitions compared to response
switches in the task switch condition) regardless of previous stimulus congruency. There
were no other main effects or interactions between variables p >.1. (See Table 3 and
Figure 18.)

Discussion

Overall, the pattern of results in Experiment 3 was very similar to those found in
Experiment 2. Two findings were of particular interest. First, the pattern of results for
the analysis of task transition, response category transition and motor response transition
did not differ between experiments, suggesting that the type of response category is not
relevant to the finding. The second point of interest was whether the analysis of previous
stimulus congruency on current trial RR effects differed between experiments. In

Experiment 3, there was not a significant effect stimulus congruency and there was not a
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significant effect of previous stimulus congruency on current trial RR effects. In contrast
there were significant effects of stimulus congruency and there were significant and
trending effects of previous stimulus congruency on current trial RR effects in
Experiment 2.

In combination, Experiments 2 and 3 suggest that binding is the primary
mechanism of RR effects. In the analyses of task transition, response category transition
and motor response transition, interactions between response category transition and
motor response transition were found in both the task repetition and task switch
condition. In the task repetition condition, one can see that repeating both response
components results in the best performance. This is in contrast to the response inhibition
account that predicts the best performance when the response category repeats and the
motor response switches. In the task switch condition, it is apparent that repeating both
response components results in better performance than repeating only one response
component. This is again in contrast to the response inhibition account that predicts
repeating both response components should result in greatest levels of inhibition, and
consequently worst performance.

There was not a stimulus congruence effect in the current experiment, suggesting
that the distractor dimension of stimuli was not processed to a significant extent. As a
result, previous stimulus congruence did not affect response inhibition, evidenced by the
results. The fragility of the previous stimulus congruency effect suggests that response
inhibition is only recruited when response conflict is high and is not the primary cause of
RR effects.

Experiment 4
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Similarly to Experiments 2 and 3, Experiment 4 was designed to de-confound
response category and motor response. Responses for each task were mapped to one of
two pictures that participants clicked with a mouse to indicate a response. Randomly
changing the location of the pictures allowed motor response and response category to
vary independently. The primary objective of the experiment was to provide converging
support for either the response inhibition account or the binding account of RR effects,
through a different paradigm. The design allowed for the same analyses that were
conducted on the verification conditions of Experiments 2 and 3, excluding previous trial
spatial compatibility. A similar pattern of results to Experiments 2 and 3 in the analysis
of task transition, response category transition and motor response transition would
provide strong support for the binding account. The tasks and stimuli from Experiment 3
were used. Finding a null effect of previous stimulus congruency would further suggest
that response inhibition is tied to stimuli or task demands that induce significant response
conflict.

Method

Participants. Thirty one subjects were recruited from The George Washington
University and surrounding area. They received course credit for participating in the
study.

Task and Stimuli. The letter and number tasks used in Experiment 3 were used
in the current experiment. Responses were mapped to the image of either an apple or a
banana. For example, the stimulus categories consonant and even were mapped to the
apple, creating an apple response category. Similarly, vowel and odd were mapped to

the banana, creating a banana response category. Tasks and stimuli were randomly
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selected for each trial, but the previous target and distractor element were not available
for selection. Stimulus response mappings were randomly assigned for each subject.
The location of the images was randomly selected (left or right of the central stimulus
display) for each trial. See Figure 19 for an example display.

Procedure and Design. Each trial began with a prompt to click the center of the
screen. This was used to ensure the starting mouse position was consistent.
Immediately after a subject clicked the center point, the stimulus and response images
appeared. The letter-number stimulus appeared centered, just above the pre-trial click
location. The response images appeared approximately two inches to the left and right of
the stimulus display. Each trial was followed with feedback on trial accuracy and
response time for 500 ms in the case of an accurate trial and 1500 ms in the case of an
inaccurate trial.

Participants were encouraged to be as fast as possible while maintaining a high
level of accuracy. Participants were trained on the tasks, stimuli and responses for
approximately 10 minutes. This was followed by 64 practice trials. After practice,
participants completed 13 blocks of 32 trials.

Results

Three subjects achieving less than 75% accuracy were omitted from analysis.
Practice trials, initial trials of a block, error trials, and response times of less than 150 ms
or more than 5000 ms were excluded from analysis. The analyses conducted for the
verification conditions of Experiments 2 and 3 were used.

Accuracy. There was a three-way interaction for the analysis of task transition,

response category and motor response, F(1, 27) = 10.14, p <.005. This was caused by an
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interaction of response category transition in the task repetition condition F(1, 27) =
11.69, p <.005, but no interaction in the task switch condition, p > .8. In the task
repetition condition, when repeating the response category there was greater accuracy if
the motor response also repeated (.97) than if the motor response switched (.94), t(27) =
3.42, p <.005. When switching the response category, there was greater accuracy if the
motor response also switched (.97) than if the motor response repeated (.96), but this
difference was not significant p > .1. In the task switch condition there was a main effect
of response category transition, F(1, 27) = 7.33, p < .05, with response category switches
(.97) more accurate than response category repetitions (.95). (See Table 4)

There was a significant effect of stimulus congruency. Responses to congruent
stimuli were more accurate (.98) than responses to incongruent stimuli (.94) t(27) = 4.63,
p <.001.

In the analysis of previous stimulus congruency and RR effects there was a marginally
significant main effect of RR effect, F(1, 27) = 3.41, p =.07, meaning RR benefit (.01
worse accuracy for response repetitions compared to response switches in the task
repetition condition) was different than RR cost (.03 worse performance for response
repetitions compared to response switches in the task switch condition) regardless of
previous stimulus congruency. There were no other main effects of interactions, p > .2.
(See Table 4)

Latency. In the analysis of task transition, response category and motor response
there was not a three-way interaction, p >.4. There was a two way interaction between
response category transition and motor response transition, F(1, 27) = 16.26, p <.001.

The interaction occurred because when switching the response category it was faster to
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switch the motor response (1799 ms) than to repeat the motor response (1901 ms), t(27) =
4.47, p <.001, but when repeating the response category it was faster to repeat the motor
response (1854 ms) than to switch the motor response (1882 ms), although this difference
was not significant p > .24. (See Table 4 and Figure 20.)

There was a not significant effect of stimulus congruence, p > .5. In the analysis
of previous stimulus congruency and current trial RR effects, there was no interaction or
main effects p >.1. (See Table 4 and Figure 21.)

Discussion

The results of Experiment 4 were consistent with the findings of Experiments 2
and 3. First, in the analysis of task transition, response category transition and motor
response transition, we again see an interaction between the transitions of response
category and motor response in both the task repetition condition and task switch
condition. The results were again consistent with the binding account and not the
inhibition account. Perhaps the easiest evidence to point to is again the under additive
cost to repeating response components in the task switch condition. In the task repetition
condition, the results depict a greater performance cost to repeating either response
component alone compared to repeating both or switching both, consistent with the
binding account, but not the inhibition account. Further, the condition in which the
response inhibition account predicts the best performance is actually the condition with
the worst performance. While there was an effect of stimulus congruency in accuracy,
there was no evidence that previous stimulus congruence predicted current trial RR
effects. This again suggests the response inhibition is only recruited when greater levels

of response conflict exist. Lastly, there is a difference in latency patterns between
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Experiment 4 and the verification condition of Experiments 2 and 3. There is less
variation between conditions and decreased benefit to repeating a task, response category
and motor response. This difference is likely a product of having participants issue
responses with a mouse movement and click, rather than a key board button press. This
response modality allows participants to begin moving toward a response location
(correctly or incorrectly) prior to selecting a response. This likely increased the variation
in response times while also decreasing the detectable difference between conditions.
General Discussion

The series of experiments address two issues important to the comprehension of
RR effects and is a significant improvement to current understandings of RR effects. The
three paradigms used in these studies were designed to de-confound response meaning
from response execution. By doing so, the current experiments demonstrated that mental
representations of both response categories and motor responses contribute to RR effects.
Further, the results suggest that binding is the primary cause of RR effects and the
response inhibition is only recruited when higher levels of response conflict exist.

The experiments first demonstrate that repeating either the meaning of a response
or the execution of response produces RR effects. This was evidenced by results from
each experiment. In Experiment 1, RR cost was observed when the task switched and
only the response category repeated. Similar findings have been found in the past.
However, | contend that this is the first instance in which an alternative explanation that
posits an influence of motor control cannot be provided. Comparisons within
Experiments 2 (verification condition), 3 (verification condition), and 4, demonstrate

independent effects of repeating response categories and motor responses. Specifically,
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comparing conditions that involve only a response category repetition or only a motor
response repetition, to conditions where both response components switch, demonstrates
respective costs to repeating each component. Importantly, establishing that each
response component contributes to RR effects insured that the predictions of the binding
and response inhibition account were merited.

The experiments then provide evidence that the two proposed mechanisms of
RR effects actually operate at different stages of processing. One mechanism, binding, is
the automatic process of storing events in memory. Bindings are later automatically
recalled when features of the binding are activated. This process can interfere with task
performance. Conversely, they likely aid performance in the majority of situations when
specific stimuli and responses are consistently associated. The other mechanism,
response inhibition, is a controlled reaction meant to prevent accidental response re-
execution in times of high response conflict. In a given experimental trial, previous
bindings would be recalled early in processing while mental representations of features
are activated and then response inhibition would impact the time it takes to select a
specific response.

This investigation into the mechanisms that cause RR effects is a necessary step
toward understanding this consistently found phenomenon. Multiple studies have been
conducted that test one possible explanation (Altmann, 2011; Druey & Hubner, 2008b;
Hommel, 1998; Hubner & Druey, 2006; Kleinsorge, 1999; Notebaert & Soetens, 2003),
but none have been conducted that directly pit different explanations against each other.

The results of the experiments suggest that binding is the primary cause of RR effects and
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that response inhibition is an extra control mechanism utilized when response conflict is
present.

The primary support for the binding account of RR effects comes from the
analysis of task transition, response category transition and motor response transition.
Binding, and the interference that occurs when a previous binding is different than a to-
be-established binding, are automatic processes. Bindings are formed when mental
representations of trial features (or any event features) are activated at the same time.
This process could serve as an early stage of implicit learning and is consistent with long-
term potentiation (Lynch, 2004). When a feature of a previous binding is perceived, the
entire binding is automatically activated. If the previous and current bindings do not
match, then interference is incurred and performance suffers. The current study suggests
that this interference is observed as RR effects. Finding an effect of previous stimulus
congruence in conjunction with evidence for binding suggests that interference from
previous bindings is resolved prior to response selection, while response inhibition is
overcome during response selection. Accordingly, RR effects would be apparent in
processing time prior to any variations in response selection performance spurred by
previous events.

There was also support for the response inhibition account though the analysis of
previous congruency on current RR effects. The evidence suggests response inhibition is
a controlled mechanism involved when there is greater response conflict. Responses may
be inhibited when response conflict is high, but it is not the primary mechanism of RR
effects. Instead, response inhibition affects the amount of time it takes to select responses

and may impact the extent of RR effects.
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The account laid out here is consistent with both the neurological and behavioral
evidence on RR effects. Neurologically for example, Kuhn et al. (2011) found that
activating only one feature that was part of a previous binding resulted in the other
previously bound feature being suppressed. Trials in which this occurred did not induce
an increase in pre-frontal or parietal activation. This suggests that interference was
incurred and resolved during early stages of processing and without top-down control,
consistent with the account put forth here. Additionally, four behavioral phenomena are
consistent with binding and the explanation of RR effects described here, but not with the
response inhibition account.

First, RR effects have been demonstrated when responses were withheld (Hubner
& Druey, 2006; Schuch & Koch, 2010). A theory of binding which posits that
associations are built when representations of features are activated in temporal
conjunction can explain this result. It is difficult to explain this finding with the response
inhibition account. To do so, one would have to assume that merely activating a response
causes it to be inhibited. Then, it would seem that all responses activated during task
processing are inhibited, but to different levels. It is possible that the response inhibition
account could be adjusted to explain that all responses are actually inhibited. However,
when the other theoretical observations are also considered, the response inhibition
account appears inadequate.

Second, binding of trial features (i.e., the mental representations of features)
explains RR effects when only the response category repeats (not the motor response) as
the result of mismatched bindings between a task and response category. For the

response inhibition account to explain this result it must be assumed that response
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categories as well as motor responses are inhibited. The current experiments tested this
idea by looking for additive costs to repeating each response component when the task
switched. However, there was under additive costs in Experiments 2, 3, and 4 to
repeating both response components. The under additive costs instead suggest strong
bindings exist between response categories and motor responses. Thus, better
performance is observed when response components repeat together compared to alone.
Third, the account presented here can explain the interaction of distractor
transition and response transition (Rothermund et al., 2005). Distractors are bound to
responses in the early stages of task processing, just as tasks or stimuli may be bound to
responses. These bindings contribute to interference the same as any other automatically
recalled binding that doesn’t match a to-be-formed binding. The response inhibition has
no way of explaining this result. Lastly, the account presented here can explain RR
effects that have been observed with many intervening trials between stimulus repetitions
in long-lag priming experiments (Denkinger, & Koutstaal, 2009; Horner & Henson,
2009), but the response inhibition account cannot. Response inhibition and stimulus
category priming are temporally constrained factors. If these factors decayed at a slower
rate than trials were presented, response inhibition and stimulus category priming would
increase with each trial and become prohibitive to performance. Due to this timing
constraint, they are unable to explain RR effects that occur after a significant delay. In
contrast, a binding mechanism that suggests associations are formed and recalled does
not have the same time constraints as the response inhibition account. Also, the long
term storage of bindings is consistent with the idea that binding is an elementary stage of

learning.
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The series of studies address two questions specific to the RR effects. What are
the contributions of response category and motor responses in RR effects? What is the
mechanism behind RR effects, response inhibition, binding, or both? While the questions
posed here are fairly specific, the answers provided have broader implications for
cognitive research. The issue of response components is not merely an issue of the
meaning and execution of a response, but an issue of our mental representation of tasks
and goals. For example, knowing that humans may inhibit the meaning of a response
independent of the actual response execution or that they may bind a specific motor
response to a task, independent of meaning, is practical not just in the design of
experiments but in the design of any computerized control system. For example, some
computer operating systems are easy to use and intuitive, while others seem to invite
confusion. The lessons of this work are particularly applicable to the design of such user
interface systems. Working toward a better understanding of humans’ mental
representations of tasks is also important when developing the training systems for real
world tasks. The mental representation of a task is likely to be critical for learning not
only explicitly controlled tasks, but also learning tasks that eventually involve the
proceduralization of knowledge.

Similarly, understanding the mechanism behind RR effects is not only an issue of
a counterintuitive performance cost that is incurred when repeating a response to a
different task or stimulus. Understanding the processes that guide human behavior is
perhaps the most basic motivation of cognitive psychology. Evidence supporting
inhibition suggests cognitive control over low-level perceptions of the external

environment. Evidence for binding suggests that at least some action is the result of

62



learned associations and independent of any exercised control. RR effects are seemingly
the result of both inhibitory control mechanisms and binding between low-level
perceptions and the responses that accompany them. This is consistent with research in
task switching which has suggested that switch cost is the result of both active and
passive control mechanisms (Ruthruff, Remington, Johnston, 2001; Hydock & Sohn,
2011; Sohn and Anderson, 2001). Further understanding of cognition as a combination

of these two types of processes is undoubtedly the direction of cognitive research.
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Table 1. Latency (ms) and accuracy (%) results of Experiment 1 for the analysis of

response mapping, task transition and response transition.

Experiment 1

Response Time Accuracy
Response Response Response Response

Response Mapping Repetition Switch Repetition Switch

A

Task Repetition 752 770 0.95 0.96
(34) (55) (.009) (.010)

Task Switch 982 929 0.92 0.96
(35) (63) (.008) (.009)

B

Task Repetition 735 756 0.95 0.94
(33) (62) (.010) (.012)

Task Switch 931 874 0.92 0.96
43) 47 (.008) (.008)

C

Task Repetition 779 820 0.95 0.96
(50) (84) (.012) (.014)

Task Switch 1027 986 0.92 0.94
(60) (74) (.007) (.012)

A, B,and C

Task Repetition 746 774 .95 .92
(23) 27) (.005) (.004)

Task Switch 962 922 .95 .95
(39) (35) (.006) (.005)

Congruency

(Mappings A, B, and C)

Prime Congruent

Task Repetition 752 763 .94 .96
(23) (26) (.007) (.009)

Task Switch 992 923 91 .95
(42) (38) (.008) (.009)

Prime Incongruent

Task Repetition 750 797 .96 .94
(23) (28) (.006) (.006)

Task Switch 959 941 .93 .95
(38) (36) (.006) (.006)
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Table 2. Experiment 2 accuracy (%) and latency (ms) with standard error results by task
transition, response category transition, motor response transition and previous stimulus
congruency for the verification and classification conditions.
Verification Condition

Classification Condition

Accuracy
Category Repetition Category Switch Category Repetition ~ Category Switch
Motor Motor Motor Motor Motor Motor
Repetition  Switch Repetition  Switch Repetition Switch
Task Repetition
Incongruent 0.96 0.88 0.91 0.88 .98 .92
(.012) (.033) (.024) (.025) (.005) (.014)
Congruent 0.95 0.88 0.91 0.88 .94 .92
(.017) (.033) (.023) (.022) (.012) (.015)
Average 0.96 0.89 0.84 0.86 .96 .92
(.007) (.023) (.020) (.020) (.007) (.017)
Task Switch
Incongruent 0.86 0.88 0.91 0.86 .94 .94
(.030) (.033) (.023) (.029) (.017) (.015)
Congruent 0.87 0.88 0.91 0.85 .89 .95
(.022) (.033) (.023) (.030) (.019) (.013)
Average 0.87 0.88 0.86 0.87 91 .95
(.024) (.020) (.020) (.020) (.013) (.012)
Latency
Category Repetition Category Switch Category Repetition ~ Category Switch
Motor Motor Motor Motor Motor Motor
Repetition  Switch Repetition  Switch Repetition Switch
Task Repetition
Incongruent 997 1277 1351 1185 785 912
(53) (81) (84) (70) (35) (41)
Congruent 986 1316 1336 1119 784 886
(48) (91) (74) (61) (28) (46)
Average 1110 1291 1327 1159 787 900
(50) (67) (72) (63) (30) (49)
Task Switch
Incongruent 1276 1378 1335 1273 963 923
(70) (79) (73) (79) (48) (44)
Congruent 1271 1360 1342 1219 963 900
(62) (81) (82) (70) (57) (40)
Average 1294 1325 1341 1270 966 914
(64) (73) (68) (74) (43) (40)

71



Table 3. Experiment 3 accuracy (%) and latency (ms) with standard error results by task
transition, response category transition, motor response transition and previous stimulus
congruency for the verification and classification conditions.

Verification Condition

Classification Condition

72

Accuracy
Category Repetition Category Switch Category Repetition ~ Category Switch
Motor Motor Motor Motor Motor Motor
Repetition  Switch Repetition  Switch Repetition Switch
Task Repetition
Incongruent 0.98 0.88 0.91 0.93 0.98 0.97
(.009) (.033) (.023) (.020) (.004) (.006)
Congruent 0.97 0.88 0.91 0.94 0.98 0.97
(.012) (.033) (.023) (.018) (.006) (.007)
Average 0.96 0.94 0.89 0.94 .98 .97
(.008) (.017) (.024) (.014) (.004) (.005)
Task Switch
Incongruent 0.91 0.88 0.91 0.97 0.94 0.97
(.024) (.033) (.023) (.010) (.010) (.005)
Congruent 0.92 0.88 091  0.97 0.93 0.97
(.017) (.033) (.023) (.009) (.011) (.007)
Average 0.91 0.95 0.93 0.96 .93 97
(.020) (.013) (.019) (.010) (.010) (.005)
Latency
Category Repetition Category Switch Category Repetition  Category Switch
Motor Motor Motor Motor Motor Motor
Repetition  Switch Repetition  Switch Repetition Switch
Task Repetition
Incongruent 1317 1622 1731 1432 1113 1188
(65) (88) (86) (81) (51) (53)
Congruent 1376 1640 1769 1467 1105 1217
(74) (93) (78) (75) (54) (59)
A
verage 1317 1637 1744 1457 1110 120
(64) (80) (85) (72) (51) (53)
Task Switch
Incongruent 1936 1935 1978 1861 1726 1660
(106) (110) (114) (105) (98) (99)
Congruent 1917 1982 1976 1838 1726 1672
(112) (107) (108) (96) (107) (96)
(106) (103) (106) (101) (102) (95)



Table 4. Experiment 4 accuracy (%) and latency (ms) with standard error results by task
transition, response category transition, motor response transition and previous stimulus

congruency.
Accuracy
Category Repetition Category Switch
Motor Motor Motor Motor
Repetition  Switch Repetition  Switch
Task Repetition

Incongruent 0,98 0.95 097  0.98
(.006) (.010) (.007) (.006)
Congruent 0.95 0.93 096  0.97
(.013) (.014) (.010) (.009)
Average 97 0.94 096  0.97
(.009) (.010) (.007) (.007)
Task Switch
Incongruent .95 0.95 096  0.97
(.013) (.014) (.009) (.008)
“Congruent (.94 0.95 0.97 0.98
(.013) (.011) (.008)  (.008)
“Average  0.94 0.95 096  0.97
(.012) (.012) (.007) (.006)

Latency

Category Repetition Category Switch
Motor Motor Motor Motor
Repetition  Switch Repetition  Switch

Task Repetition
Incongruent 1656 1742 1803 1648

(49) (61) (57) (54)
“Congruent 1740 1749 1770 1704
(60) (62) (65) (63)
“Average 1698 1746 1787 1678
(48) (58) (58) (53)
Task Switch
Incongruent 2007 2038 1983 1918
(73) (70) (74) (68)
“Congruent 2013 1997 2047 1911
(70) (74) (80) (69)
“Average 2010 2017 2016 1919
(69) (69) (74) (65)
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Figure 1. Trial components described in the text.
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Figure 2. Response bias, response inhibition and binding accounts of RR effects.

Base RT assuming
task-switch cost

- Predicted RT

@ Stimulus Category Priming

1\ Response Inhibition

RR RS RR RS
Task Repetition Task Switch

A) Response Inhibition Account. The account states two factors contribute to RR
effects: a stimulus category priming benefit when the stimulus category repeats and
inhibition against repeating any response. Arrows demonstrate the predicted effects

of response inhibition and stimulus category priming.

- Base RT assuming
task-switch cost

- Predicted RT

RT * 1~ Interfernece

RR RS RR RS
Task Repetition Task Switch

B) Binding Account. The account states RR effects are the product of interference that
occurs when breaking previous bindings. Interference occurs when a previous task or
a previous response is repeated with a different response or task, respectively.
Arrows demonstrate the predicted effects of inference incurred when previous
bindings do not match current bindings.
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Figure 3. Predictions of the response inhibition account.
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A) Predicted relationship between previous stimulus congruency on the interaction of
task transition and response transition. Arrows demonstrate the predicted effects of
response inhibition and stimulus category priming.
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B) Plotted, predicted relationship between RR effects and previous trial congruency.

76



Figure 4. Response mappings used in Experiment 1, conditions A, B and C. Three
response mappings were used that differed in the overlap between response categories
and specific fingers used or relative location of response keys.
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Figure 5. Example of trial procedure used in Experiment 1.
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Figure 6. Results of Experiment 1 for the analysis of task transition and response
transition averaged across response mappings.
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Figure 7. Results of Experiment 1 for the analysis of previous stimulus congruency and

RR effect.
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A) Mean latency values from analysis of task transition, response transition and previous
stimulus congruency.
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B) Difference values from analysis of task transition, response transition and previous
stimulus congruency.
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Figure 8. Predicted results of latency analysis of task transition, response category (RC)
transition and motor response (MR) transition for the response inhibition account of RR
effects.

In the task repetition condition in all trials are predicted to incur a task repetition
benefit. When both the RC and MR repeat, inhibition from each component and a
stimulus category repetition benefit are predicted (a). When the RC repeats and the MR
switches, inhibition from the RC and a stimulus category repetition benefit are predicted
(b). When the RC switches and the MR repeats, inhibition from the MR is predicted (c).
When both the RC and the MR switch, only a task repetition benefit is predicted (d).

In the task switch condition only response inhibition is predicted. When the RC
and MR repeat, inhibition from each component is predicted (). When the RC repeats
and the MR switches, inhibition is from the RC is predicted (f). When the RC switches
and MR repeats, inhibition from the MR is predicted (g). When both the RC and the MR
switch, no inhibition is predicted (h).

Base RT

- Predicted RT

Factors predicting RT:
Response Category
Inhibition
Motor Response
Inhibition
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v Benefit
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Figure 9. Predicted results of latency analysis of task transition, response category (RC)
transition and motor response (MR) transition according to the binding account of RR
effects. Bindings between the task and response category (T-RC), between the task and
motor response (T-MR) and between the response category and motor response (RC-MR)
are abbreviated.

Within the task repetition condition, a task repetition benefit is predicted for all
trials. When the RC and MR repeat all previous trial components repeat and no
interference is predicted (a). When the RC repeats but the MR switches, interference is
predicted from altered T-MR and RC-MR bindings (b). When the RC switches and the
MR repeats, interference is predicted from altered T-RC and RC-MR bindings (c).
Lastly, when both the RC and MR switch, interference is predicted from altered T-RC
and T-MR bindings (d).

Within the task switch condition, only interference from altered associations is
predicted to effect performance. When the RC and MR repeat interference is predicted
from altered T-RC and T-MR bindings (). When the RC repeats and the MR switches,
interference is predicted from altered T-RC and RC-MR bindings (f). When the RC
switches and the MR repeats, interference is predicted from altered T-MR and RC-MR
bindings (g). When both the RC and MR switch, no interference is predicted (h).

Base RT

- Predicted RT
RT

Factors predicting RT:
T-RC Binding
Interference
T-MR Binding
Interference

RC-MR Binding
Interference

A) B) C) D) E) F) G) H)
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Figure 10. Sample displays from classification and verification conditions of Experiment
2a.
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Figure 11. Results of Experiment 2 classification condition from the analysis of task
transition and response transition.
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Figure 12. Results of Experiment 2 classification condition from the analysis of previous
stimulus congruency and current trial RR effects.
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Figure 13. Results of Experiment 2 verification condition from the analysis of task
transition, response category transition and motor response transition.
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Figure 14. Results of Experiment 2 verification condition from the analysis of previous
stimulus congruency, previous trial compatibility, and current trial RR effects.
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Figure 15. Results of Experiment 3 classification condition from the analysis of task
transition and response transition.
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Figure 16. Results of Experiment 3 classification condition from the analysis of previous

stimulus
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Figure 17. Results of Experiment 3 verification condition from the analysis of task
transition, response category transition and motor response transition.
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Figure 18. Results of Experiment 3 verification condition from the analysis of previous
stimulus congruency, previous trial compatibility, and current trial RR effects.
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A) Mean latency values from analysis of task transition, response transition and previous
stimulus congruency.
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Figure 19. Sample display from Experiment 3.
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Figure 20. Results of Experiment 4 from the analysis of task transition, response
category transition and motor response transition.
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Figure 21.

Results of Experiment 4 from the analysis of previous stimulus congruency

and current trial RR effects.
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A) Mean latency values from analysis of task transition, response transition and previous
stimulus congruency.

250

200

150

100

RR 50
Effect O
RT (ms) -50
-100

-150

-200

-250

Cong
=== |ncong
/.—’
-— -
o’—‘
T 1
RRB RRC

B) Difference values from analysis of task transition, response transition and previous
stimulus congruency.

94



