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Semantic priming and response priming were studied in a dual-task procedure. In two experiments,
reaction times to the first and second stimuli were faster when the finger required for the Task 1 re-
sponse was the same as the finger required for the Task 2 response. Such priming suggests that Task 2
response information was generated prior to the completion of Task 1 response selection. These data
pose a potential challenge to the response-selection bottleneck (RSB) theory of dual-task performance,
since they may indicate a violation of the discrete-stage processing assumption on which the underly-
ing locus-of-slack logic depends. Accommodating these data while preserving the essential bottleneck
character of RSB theory may be possible but may also alter the very nature of the bottleneck itself.

Why is it so difficult to do two things at once? Many
accounts of dual-task performance have suggested that
the answer lies in the concept of a central processing
bottleneck—a stage of processing that can only be per-
formed for one task at a time. Using variations of the psy-
chological refractory period (PRP) paradigm, most au-
thors have converged on Pashler and colleagues’ (Pashler,
1984, 1994; Pashler & Johnston, 1998) response-selection
bottleneck (RSB) theory. RSB theory relies on a discrete-
stage processing assumption in modeling PRP reaction
time data using the locus-of-slack logic. This assumes
that the processes involved in the bottleneck—canonically
the response-selection stages for both tasks in a PRP
experiment—are discrete and serial. Specificaily, RSB
theory states that Task 2 response selection (RS) cannot
begin until Task 1 RS is complete.

This article investigates whether response-selection
processes of both tasks of a dual-task pair may in fact op-
erate in parallel, by directly testing this discreteness as-
sumption. Instead of the more traditional locus-of-slack
approach, we looked for evidence of priming of Task 1 RS
processes from Task 2 RS information in a typical PRP
paradigm. Such priming would imply that Task 2 RS had
begun before Task 1 RS was complete—that both RS pro-
cesses were operating in parallel. Such evidence would
constitute a violation of the discrete-stage processing as-
sumption and pose a problem for RSB theory. The present

This research was supported by Individual National Research Service
Award F31 MH13005 from the National Institute of Mental Health to
S.W. and by Grant SBR 9808971 from the National Science Founda-
tion to G.D.L. The authors are grateful to Hal Pashler, Pierre Joliceeur,
Art Kramer, and Gary Dell for helpful comments regarding this work,
and to Julie Delheimer for help with data collection. Correspondence
concerning this article should be addressed to S. Watter, Department of
Psychology, McMaster University, 1280 Main Street West, Hamilton,
ON, L8S 4K 1 Canada (e-mail: watter@mcmaster.ca).

Copyright 2006 Psychonomic Society, Inc.

study goes beyond previous investigations (e.g., Hommel,
1998; Logan & Delheimer, 2001; Logan & Gordon, 2001;
Logan & Schulkind, 2000) by directly assessing the influ-
ence of Task 2 response information on Task 1 response
selection, independently and separately from the semantic
relationship between Tasks 1 and 2.

The Psychological Refractory Period Paradigm

Telford (1931) described the “psychological refrac-
tory period” effect in human subjects required to make
responses to two stimuli in quick succession. Subjects’
reaction times to the second stimulus became increas-
ingly longer as the stimuli were presented closer together
in time. Telford’s analogy to the refractory behavior of ac-
tion potential generation in neurons was less than ideal,
but the terminology has persisted. In a typical PRP experi-
ment, subjects are presented with two stimuli, S1 and S2,
separated in time by a stimulus onset asynchrony (SOA)
of 0—1,000 msec. Subjects make response R1 to S1 to pro-
duce reaction time RT1 (altogether termed Task 1) and
make R2 to S2 to produce RT2 (altogether termed Task 2),
typically performing the tasks in this order. The basic re-
sults from this paradigm are extremely robust. RT2 be-
comes longer as SOA decreases, typically approaching a
slope of —1 as SOA approaches zero, but RT1 is relatively
unaffected by SOA.

Locus-of-Slack Logic and Response-Selection
Bottleneck Theory

In 1984, Harold Pashler described a series of experi-
ments using the PRP paradigm that used a serial process-
ing stage model of task performance to identify potential
“bottlenecks” in dual-task PRP performance. Pashler used
a generalization of Sternberg’s (1969) additive-factors
logic, called the locus-of-slack logic (Pashler, 1994; Pash-
ler & Johnston, 1998; Schweickert, 1978; Schweickert
& Townsend, 1989; Townsend & Schweickert, 1989), to
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interpret patterns of RT1 and RT2 slowing due to manipu-
lation of discrete stages of the tasks. The locus-of-slack
logic assumes (as does its parent additive-factors logic)
that individual tasks may be divided into serial stages that
are discrete in the sense that a subsequent stage cannot
begin until a previous stage has been completed. Stages
from the two tasks in a PRP paradigm may run in parallel
unless there is a bottleneck, which is defined as a process-
ing stage that may only be performed for one task at a
time. Pashler determined that such a bottleneck existed
in response selection and that this accounted extremely
well for the PRP effect. Subsequent research by many au-
thors has converged on this conclusion using these meth-
ods (for reviews, see Pashler, 1994; Pashler & Johnston,
1998). Some recent evidence suggests that this bottleneck
should be extended earlier to encompass memory retrieval
as well (Carrier & Pashler, 1995; but see Logan & Del-
heimer, 2001; Logan & Schulkind, 2000). The firm logi-
cal grounding of RSB theory in the locus-of-slack logic
and its robustness in explaining dual-task data make it a
very strong theory indeed.

The discrete-stage processing assumption plays an im-
portant role in the mathematics that underlie the locus-of-
slack logic. This assumption—that the potential bottle-
neck stages of both tasks in a PRP paradigm are serial and
discrete with respect to each other—is the very basis from
which patterns of RT additivity, under factorial manipula-
tion of task parameters, are interpreted to determine the
location of the bottleneck stage. If this discreteness as-
sumption were dropped, it is not at all clear that the math-
ematics would lead to the same predictions. Indeed, if the
discrete-stage processing assumption were shown to be
invalid, it could pose a serious question as to the validity
of RSB theory and the conclusions drawn from it.

For some readers, the notion of cascaded stage output
within individual PRP tasks has potentially superseded
the discrete-stage framework from which RSB theory was
originally derived. It is important to note that our focus
here deals only with the relationship of the two tasks’ RS
processes themselves. The fact remains that the interpreta-
tion of RT effects taken as evidence for RSB theory relies
on the assumption that the bottleneck stages of the two
tasks remain serial and discrete. Although the locus-of-
slack logic most strictly assumes all stages within a single
task to be serial and discrete, relaxing these assumptions
to allow cascaded processing in stages other than the criti-
cal bottleneck stage, while maintaining the assumption
of discrete and serial processing of the bottleneck stage
between tasks, does not alter our investigation or our criti-
cal hypotheses here.

We sought to test this discreteness assumption within a
standard PRP paradigm. Starting with this basic design,
we assessed the potential for information generated from
RS processes of each task to influence RS processes in
the other. Critically, we tested whether Task 1 RS could be
primed from Task 2 RS information. Such a finding would
suggest that Task 2 RS had begun before Task 1 RS was
complete—that is, that RS processes of both tasks were
operating in parallel. If Task 2 RS begins before Task 1
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RS finishes, then Task 1 and Task 2 RS cannot be discrete
stages. Such a violation of the discrete-stage processing
assumption would challenge the conclusions of RSB the-
ory, given its foundation in the locus-of-slack logic.

Information Crosstalk Approaches to Dual-Task
Processing

Before we consider our design and its predictions in
full, we will discuss alternative approaches several other
authors have taken to assessing dual-task performance,
which have been instructive in arriving at our present ex-
periments. Navon and Miller (1987) made the first strong
case for a crosstalk account of dual-task interference.
They demonstrated that semantic and stimulus-response
(S-R) relationships within and between tasks could give
rise to, and account for, a substantial amount of the perfor-
mance costs associated with dual-task versus single-task
performance. Hirst and Kalmar (1987) also studied such
effects, manipulating the semantic relatedness of concur-
rently performed tasks using an auditory paradigm. More
recently, several authors have taken somewhat similar ap-
proaches in order to investigate the degree of parallel task
processing in dual-task performance.

Logan and colleagues used a PRP paradigm with a vari-
ety of stimuli and tasks, from letter/digit discrimination to
more complex semantic judgments on whole words, to in-
vestigate crosstalk effects in dual-task processing (Logan
& Delheimer, 2001; Logan & Gordon, 2001; Logan &
Schuikind, 2000). Logan and Schulkind’s Experiment 1
required subjects to perform letter/digit discrimination on
each of two stimuli in a typical PRP situation. Subjects re-
sponded to S1 and S2 with different hands and performed
the tasks in strict serial order. RT1 was faster when the
category of S1 (letter or digit) was the same as the cat-
egory of S2—that is, when S1 and S2 were both letters or
both digits—than when one was a digit and the other was
a letter. This crosstalk effect suggested that the category
of S2 was retrieved while subjects were processing S1.
Logan and Schulkind found the same crosstalk effects in
other experiments involving either magnitude and parity
judgments on digits or lexical decisions on words.

Logan and Gordon (2001) found similar crosstalk ef-
fects using a PRP paradigm. Task 2-to-Task 1 priming
was observed with magnitude judgments on digits, the
Stroop task, picture versus word (form) judgments, and
animacy judgments on regular nouns. Logan and Del-
heimer (2001) also found crosstalk effects in three similar
PRP experiments with episodic memory judgments. In all
of these cases, RT1 was faster when S1 shared a compat-
ible semantic or episodic relationship with S2, suggesting
a substantially parallel nature for Task 1 and Task 2 cen-
tral processing.

An important boundary condition for this crosstalk ef-
fect was demonstrated in Logan and Schulkind’s (2000)
Experiment 2. In this experiment, two single-digit stimuli
were presented (the digits 1-9, excluding 5), one above
the other and separated in time by an SOA of 0-900 msec.
Subjects performed one of two potential tasks on each
stimulus: (1) judging whether a digit was odd or even
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(parity task) and (2) judging whether a digit was greater
or less than 5 (magnitude task). In some sessions, the two
tasks were the same (they used the same task set; e.g.,
parity—parity for Task 1-Task 2), and in others they were
different (they used different task sets; e.g., magnitude—
parity for Task 1-Task 2). The crosstalk effect of Task 2-
to-Task 1 priming was observed when Tasks 1 and 2 both
used the same task set. However, when Tasks 1 and 2 used
different task sets, the crosstalk effects were abolished.
Logan and Gordon’s (2001) Experiment 3 demonstrated
the same pattern of results with form and animacy judg-
ments on pictures and words. Strong crosstalk effects were
observed with RT1 when the same judgment task was
performed for both Tasks 1 and 2 (same task set for both
tasks), but the crosstalk effect was all but abolished when
different task sets were used for Tasks 1 and 2.

In addition to the crosstalk experiments above of Logan
and colleagues, Hommel (1998) presented five dual-task
experiments in which performance on a primary manual
task was affected by compatibility between the second-
ary and primary responses and between the secondary re-
sponse and the primary stimutus. Hommel suggested that
a bottleneck may exist in the eventual selection of a re-
sponse, but that stimulus—response franslation may occur
in parallel. In Hommel’s Experiment 1 (for example), the
letter H or S was presented colored red or green. Subjects
had to respond to the color manually by touching a metal
plate with their right or left hand as Task 1, and to respond
to the letter’s identity vocally by saying “right” or “left” as
Task 2. Subjects were faster to respond to Task 1 when the
response for Task 1 (e.g., left hand) was compatible with
the response for Task 2 (e.g., saying “left”).

Hommel (1998), Logan and Schulkind (2000), Logan
and Delheimer (2001), and Logan and Gordon (2001) all
repeatedly demonstrated crosstalk effects from Task 2 to
Task 1, which might suggest that the discrete-stage pro-
cessing assumption is false. However, the integrity of RSB
theory can be maintained if one considers semantic and
episodic memory retrieval processes to be separate from,
and to occur prior to, RS processes. In this view, paral-
lel memory retrieval for Task 1 and Task 2 may occur (as
these data suggest), but response selection remains dis-
crete and serial (but see Carrier & Pashler, 1995).

Hommel’s (1998) Experiment 1 appeared to at least
partially address response-related processes, but the vital
question is, at what level or stage of processing did the ob-
served crosstalk occur? Lu and Proctor (1995) have shown
evidence that S—-R compatibility effects for physical stim-
uli (e.g., left spatial position) versus abstract stimuli (e.g.,
left-pointing arrow) and their compatible responses (e.g.,
left buttonpress) are mediated via similar (if not the same)
mechanisms, indicating that stimulus information is rep-
resented via more abstract categories or cognitive codes.
Similarly, abstract representation of response information
is suggested by findings from Stoet and Hommel (1999),
who showed that the planning of a left-hand response ver-
sus a left-foot response is interfered with equally by the
planning of a separate left-hand response. Hommel, Miis-
seler, Aschersleben, and Prinz (2001) have suggested that

o

response information is likely represented as cognitive
response codes produced as a result of mapping stimulus
codes or semantic category information via S-R transla-
tion processes.

Taken together, the studies above suggest that in Hom-
mel’s (1998) Experiment 1, the semantic representation
of the stimulus category for Task 2 at least partially ac-
tivated a semantic representation of the Task 2 response
(i.e., a cognitive response code) prior to the completion of
this same process for Task 1. Task 2-to-Task 1 response
compatibility effects, presumably from interactions of the
response codes for Task 1 (e.g., using the left hand) and
Task 2 (e.g., saying “left”), are taken to be evidence in sup-
port of this claim. Though we do not dispute these data,
we do suggest that the likely processing requirements and
intermediate informational stages of Task 2 processing in
this situation may afford a substantial degree of Task 2-
to-Task 1 influence on Task 1 response activation that is
separate from, and in addition to, activation of the ap-
propriate Task 2 response code. Specifically, in requiring
verbal “left”/“right” responses to letter identity, Task 2 of
Hommel’s Experiment 1 likely involved the activation of
more abstract conceptual representations of left and right,
as well as lemmas for these response words. In this situ-
ation, these more abstract, conceptual representations of
left and right information, generated as an intermediate
product of Task 2 performance, may themselves be re-
sponsible for the observed influence of Task 2 processing
on Task 1 response performance. The availability of mul-
tiple sources of information in Task 2 that may influence
Task 1 response selection creates a potential problem for
interpretation here—either semantic response code in-
formation or more abstract conceptual representations of
left and right could be responsible for the priming effects
seen in Task 1. In order to argue for parallel operation of
response-selection processes using these cross-task prim-
ing methods, potential alternate sources of response com-
patibility effects must be better controlled.

Finally, Lien and Proctor (2000) also demonstrated
some evidence of Task 2-to-Task 1 response compatibil-
ity in a series of three experiments primarily investigat-
ing the Simon effect (Craft & Simon, 1970) within a PRP
paradigm. This study shows perhaps the most convincing
demonstration of such response-specific effects of any of
the articles mentioned in this section. However, the ma-
nipulation of spatial correspondence factors throughout
their experiments, plus the manipulation of compatible
versus incompatible spatial mapping between rather than
within subjects, adds additional potential complications
for observing pure response-related interactions.

In all of the studies above, Task 2-to-Task 1 compatibil-
ity effects are either complicated by, or can be accounted
for via, various stimulus category relationships between
the two tasks. In order to make claims about the potential
parallel operation of RS processes, we suggest that one
needs to demonstrate that the RS processes of Task 1 are
being influenced by information that can only be gener-
ated via Task 2 RS processes. As such, we sought to as-
sess the potential for information generated from Task 2
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RS to influence Task 1 RS—that is, for R2 to influence
R1—independent of any semantic compatibility effects
of S2 on R1. Showing that a significant amount of infor-
mation indicating the correct manual response to S2 has
been derived before the response to Sl is selected would
be strong evidence against discrete RS processes.

The Present Study

In order to test the discreteness assumption, we needed
to look beyond the traditional locus-of-slack approach.
Using methods adapted from Logan and Schulkind’s
(2000) Experiment 2, we developed a procedure to more
critically assess crosstalk effects within a typical PRP par-
adigm. Our investigation differs from Hommel (1998),
Logan and Schulkind (2000), Logan and Delheimer
(2001), and Logan and Gordon (2001) by deliberately
and explicitly designing our experiments to dissociate the
cross-task priming effects of semantic stimultus and cat-
egory information from the potential effects of cross-task
priming of response-specific information. It is important
to note that this response-specific information is likely
semantic in nature, akin to the semantic response codes
of Hommel et al. (2001). The distinction between the se-
mantic representation of stimulus category and seman-
tic representation of the correct manual response for that
category is vital here, with the latter being derived from
the former by task-specific rules. Whether between-task
crosstalk of response information occurs at this semantic
response code level, and/or whether it occurs at a later
motoric level of representation, is an important consider-
ation when attempting to distinguish the parallel opera-
tion of response-selection processes of two tasks from the
parallel operation of later response-execution processes
of the two tasks (among other possibilities). For our pri-
mary goals here, we consider the distinction between the
task-relevant semantic category of a given stimulus (here
termed semantic or semantic category information) and
the semantic representation of the related manual response
(here termed response information), in order to observe
potential between-task crosstalk effects of this response
information, independent of between-task crosstalk ef-
fects of semantic category information.

For both of our experiments, we employed magnitude
and parity judgment tasks for single-digit stimuli. Subjects
performed sessions in which either the same task or differ-
ent tasks were used for Tasks 1 and 2. Subjects responded
by pressing one of two keys for each task. The strongest
and most critical test of Task 2-to-Task I priming of
response-selection processes involved performing differ-
ent tasks for Task 1 and Task 2. Using the two different task
sets we employed—magnitude and parity judgments—al-
lowed completely orthogonal stimulus—semantic-category
and stimulus-response relationships. This in turn allowed
the assessment of response crosstalk effects separately
and independently from semantic category crosstalk ef-
fects, as is further discussed below. To better specify our
assumptions and predictions, we explore the potential
for cross-task priming/compatibility effects under these
different-task-set conditions.
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Figure 1 demonstrates an abstracted information-
processing architecture involved with the potential cross-
task semantic and response priming effects we sought to
assess. Panel A demonstrates the general architecture with
different tasks performed for Task 1 and Task 2, and pan-
els B and C demonstrate the specific effects of semantic
and response information within a single, example trial
for Tasks 1 and 2, respectively. In all panels, both stimuli
are present in the display together, representing a trial with
a short SOA.

Figure 1A displays basic processing stages involved
with Tasks 1 and 2. Within each single task, after encod-
ing, stimuli are classified via semantic retrieval with re-
gard to the rules of the current task set. This classification
is in turn mapped to an appropriate motor response, which
is then executed. We suggest that if the timing of Task 1
and Task 2 processes is such that information from one
process is available while the like process in the other task
is operating, then this information will have the potential
to influence that like process in the other task. Within this
framework, we identify the two potential cross-task prim-
ing effects we assessed experimentally, semantic compat-
ibility and response compatibility.

In our experiments, when different tasks were used for
Task 1 and Task 2 (i.e., magnitude judgment for one task
and parity judgment for the other), the same stimulus set
(digits 1 to 9, excluding 5) was mapped to completely
orthogonal semantic representations for each task (odd/
even and high/low). These separate orthogonal seman-
tic representations then mapped convergently onto the
same two-choice motor responses for each task (index vs.
middle finger). This allowed us to independently assess
effects of semantic compatibility/priming and response
compatibility/priming from one task to the other. A con-
crete example of these potential informational effects in
a single trial is presented in panels B and C of Figure 1
for Tasks 1 and 2, respectively. Here S1 = “8,” requiring
a parity judgment, and S2 = “4,” requiring a magnitude
judgment. Assuming a short SOA, both stimuli appear on
screen in quick succession, with the subject selectively
attending first to S1 (Figure 1B).

Let us first consider the mechanism for response-level
crosstalk, in this case, where motor responses for the two
tasks are the same. Considering Figure 1B, St (“8”) is
classified as even via semantic retrieval, and this infor-
mation is mapped to a motor response for Task 1 (index
finger). Potential priming of Task 1 RS from Task 2 RS
information depends on the degree to which Task 2 pro-
cessing can generate its own response information (R2)
in parallel with Task 1 RS. Specifically, S2 (“4”) must be
processed under its own task set to generate a semantic
classification (low), which then determines the Task 2
motor response (also index finger). If adequate R2 in-
formation is generated before Task 1 RS is complete, in
this example we may observe facilitation of the Task 1
motor response (R1) from compatible R2 information. It
is essential to note that with different tasks for Task 1 and
Task 2, stimuli map orthogonally to the motor responses
for each task. In order to generate the systematic response

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




258

WATTER AND LOGAN

A Task 1 Task Set 1
“Is the top number
odd or even?” T1 Semantic T1 Response Initiate
— Retrieval | mey Selection | == | T1 Motor
(Odd/Even) (Index/Middle) Output
Displ S1 Semantic Priming Response
PP o (~ Flanker Effect)
T2 Semantic T2 Response Initiate
Retrieval Selection T2 Motor
Task 2 (High/Low) Output
“Is the bottom number
higher or lower than 57"
B Task 1 Task Set 1
“Is the top number
odd or even?” T1 Semantic T1 Response Initiate
Retrieval é Selection _) T1 Motor
ATTEND ’ i;) even P Output
Do Task 1.7,
Displa S1 %j (+)  Semantic Priming ‘index” #¥ Response
& y (~ Flanker Effect) 0 Priming
1 T2 Semantic T2 Response | | Initiate
- Retrieval Selection | wad| T2 Motor
Task 2 4 - “low” “low” — “index” Output
“Is the bottom number
higher or lower than 57"
C Task 1 Task Set 1
Is the top number
odd or even?” T1 Semantic T1 Response Initiate
r—- Retrieval | § Selection _) T1 Motor
| 8— “even” “even”— “index” Output
2
St Semantic Primin, R
; g esponse
Display ., (~ Flanker Effect) Priming
ATTEND T2 Semantic T2 Response Initiate
~... ihen Task 2° Retrjeval Selection T2 Motor
R “low” = “index” Output

Task 2

“Is the bottom number
higher or lower than 57" |

Figure 1. Mechanisms for cross-task informational priming based on Stimuli S1 and S2.
Panel A shows the general architecture for the processing of both tasks, specifically here when
Task 1 (T1) and Task 2 (T2) employ different task sets. Response priming (i.e., response com-
patibility effects) occurs when RS information from one task influences the RS process of the
other. Semantic priming of stimulus classification (i.e., semantic compatibility effects) occurs
when information from the other stimulus is processed along with the pertinent stimulus for
a task under the current task’s task set—essentially a flanker effect. Panels B and C show
processing biases and information flow for a single trial with both stimuli present (and a short
SOA) for Tasks 1 and 2, respectively. Potential semantic and response compatibility/priming
effects for this example are described in the text. This particular trial gives an example of dif-
ferent semantic compatibility effects for Task 1 (compatible) and Task 2 (conflicting) arising
from the same stimuli. By definition, response compatibility effects are always the same for

Tasks 1 and 2 in a given trial.
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compatibility effects we assess in these studies, both stim-
uli must be transformed under their separate task sets. If
we observe R2 influencing R1, it would suggest that suffi-
cient R2 information must have been generated before R1
selection was complete, challenging the notion of discrete
RS processes.

How can we be sure that these potential RS effects are
not the result of semantic priming? There are two kinds of
potential semantic priming to consider here. The first is
the type that was found by Logan and Schulkind (2000),
Logan and Delheimer (2001), and Logan and Gordon
(2001). This kind of semantic priming involves using
the same task set for Tasks 1 and 2, so that both S1 and
S2 are processed by the same task set. The facilitation of
RT1 via semantic compatibility effects that was observed
by Logan and colleagues can be ruled out by employing
different task sets for Task 1 and Task 2. The different-
task-set conditions, depicted in Figure 1, do not embody
these relationships. However, a second form of semantic
priming is possible in both same-task-set and different-
task-set circumstances. This involves the processing of S2
under the Task 1 task set, a process essentially equivalent
to a flanker effect (Eriksen & Eriksen, 1974). This type
of priming is demonstrated in Figure 1B, where classifi-
cation of S1 as even (semantic retrieval) is facilitated by
consonant semantic information from S2 processed under
the Task 1 task set.

Because both kinds of semantic priming may occur
in same-task-set conditions, but only the flanker-like se-
mantic compatibility effect may occur in different-task-set
conditions, one would expect smaller semantic priming
effects when different task sets are used for Task 1 and
Task 2. Indeed, Logan and Schulkind (2000) and Logan
and Gordon (2001) found no evidence of semantic prim-
ing in their experiments when different task sets were em-
ployed for Tasks 1 and 2, in contrast to the robust semantic
compatibility effects found by these authors, as well as by
Logan and Delheimer (2001), when Tasks 1 and 2 used the
same task set. This suggests that the flanker-like semantic
compatibility effect, should it exist, is relatively weak.

However weak this flanker-like semantic compatibility
effect may be, we must ensure that we can observe and
assess potential response compatibility effects separately
and independently from any such semantic effects. The
different-task-set conditions of our experiments were de-
signed to accomplish precisely this discrimination. As is
described above, the different tasks employed (magnitude
and parity judgments) mapped the same stimulus set to
orthogonal semantic representations for each task (odd/
even vs. high/low), which in turn mapped convergently to
the same two-choice motor responses for each task. From
this design, several relationships may be noted. S1-52
compatibility is orthogonal to R2-R1 compatibility, and
S2-R1 compatibility is also orthogonal to R2-R1 com-
patibility. Because of this, response compatibility effects
cannot logically be derived from the semantic relation-
ships of S2 and S1, nor can they be derived from the re-
lationship between S2 and R1. This design allowed us to
independently assess the effects of response crosstalk and
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flanker-like semantic crosstalk within a single PRP task
using different tasks for Tasks 1 and 2. It should be noted
that when the same task set is employed for both tasks,
it is impossible to have such orthogonal S—-R mapping.
As such, same-task-set conditions do not allow indepen-
dent assessment of semantic and response effects within
a single subject.

The discussion above concerns the potential effects
of Task 2 processing on Task 1 performance. Once sub-
jects respond to Task 1, they are then required to perform
Task 2 (Figure 1C). The same semantic compatibility pro-
cess occurs again, with classification of S2 (“4”) as low.
Here semantic retrieval is interfered with by competing
semantic information from S1 (“8”) processed under the
current (Task 2) task set (again, essentially a flanker ef-
fect). The response priming situation is somewhat differ-
ent (and more predictable) for Task 2, since Task 1 RS has
already been completed, with expected response facilita-
tion in this case. This particular example demonstrates the
potential for any combination of positive and negative se-
mantic compatibility effects to be present for the two tasks
on any given different-task-set trial. On the other hand, the
nature of response compatibility means that this effect is
always the same for Task 1 and Task 2 in a given trial.

Two experiments were performed to investigate the
potential for parallel response selection in a typical PRP
paradigm. We assessed the priming of Task 1 response-
selection processes from Task 2 response information, in-
dependent of between-task semantic compatibility effects,
in a design that stressed strict, serial Task 1-then-Task 2
performance. In Experiment 1, we examined performance
with both the same task set and different task sets for S1
and S2. To better assess potential response priming effects,
types of response mapping were manipulated, with some
subjects responding to Task | and Task 2 with different
hands (univalent responses) and others responding to both
tasks with the same hand (bivalent responses). For both
double- and single-handed conditions, response priming
effects were considered on the basis of using the index
versus the middle finger for response, regardless of hand
(e.g., responding with the right index finger for Task 1
and the left index finger for Task 2 was considered con-
sonant relative to the response variable). In Experiment 2,
we extended the most critical quarter of Experiment 1’s
design, assessing different-task performance with biva-
lent responses, using the right versus the left hand as the
response alternatives for both Task 1 and Task 2.

Response compatibility effects of Task 1 information
on Task 2 are to be expected, since Task 2 follows Task 1
in time, and are predicted to occur at all SOAs if they
occur at all in a given setting. If Task 2 processing can
progress sufficiently to generate R2 information prior to
the completion of Task 1 response selection, Task 2 RS
information may be able to prime Task 1 RS processing.
If such Task 2-to-Task 1 RS priming can occur, it should
do so only at short SOAs and be absent at long SOAs,
given the timing of stimulus presentation and the temporal
overlap of critical processes. Finding such distinct effects
would suggest that Task 2 RS had generated substantial
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R2 information prior to the completion of Task 1 RS. Such
parallel operation of RS processes would be a violation of
the discrete-stage processing assumption and could pose
a substantial challenge to RSB theory.

EXPERIMENT 1

Method

Subjects

Thirty-two undergraduates from the University of Illinois at
Urbana-Champaign participated in four separate 1-h sessions. The
subjects performed only one session on any day and completed the
four-session experiment within 6 consecutive days. The subjects re-
ceived either partial course credit or $5/h for their participation. All
subjects were right-handed and had normal or corrected-to-normal
vision.

Apparatus and Stimuli

The stimuli were the digits 1, 2, 3, 4, 6, 7, 8, and 9, presented
in standard white IBM 80 X 25 text-screen characters on a black
background. The stimuli were presented on Gateway 2000 Crystal-
Scan 1024NI monitors, controlled by Gateway 2000 486 computers.
Responses to the stimuli were collected using the “” and “/ keys
and/or the “z” and “x” keys of the computer keyboard, dependent on
experimental condition (described below).

Two stimuli were presented in each trial of the experiment, one
above the other on the computer screen. The top stimulus (S1) al-
ways appeared first, at position [row 13, column 38] on the 80 X
25 character text screen. The bottom stimulus (S2) always appeared
simultaneously with or later than the top stimulus, at position [row
14, column 38]. Subjects were seated, with a screen viewing dis-
tance of approximately 60 cm. Under these conditions, individual
digit stimuli subtended 0.5° vertical and 0.2°-0.3° horizontal visual
angle to the subjects, depending on the stimulus, with 0.75° vertical
separation measured from the center of each stimulus (0.25° vertical
separation between nearest edges). The stimuli were separated in
time by an SOA of 0, 100, 300, or 900 msec.

The subjects were required to perform one of two predesignated
tasks on each stimulus within a single trial. For a parity task, they
were required to judge whether the value of the stimulus digit was
odd or even. For a magnitude task, they were required to judge
whether the value of the stimulus digit was greater or less than 5
(note that the digit 5 was not used as a stimulus). For any 1-h experi-
mental session, the tasks to be performed for S1 and S2 were fixed.

A typical trial proceeded as follows. A fixation screen was dis-
played for 500 msec, indicating the positions at which the two
stimuli would be displayed. This display consisted of two rows of
two horizontal dashes separated by three spaces, centered on the
screen, indicating the central position in which each stimulus would
appear. This display began at row 13, column 36 on the screen. In
the 0-msec-SOA trials, the fixation display was replaced with a dis-
play of S1 and S2 for 1,000 msec, followed by a blank screen for
2,500 msec. In trials with SOAs greater than 0 msec, the fixation
display was replaced by a display with only S1. S2 appeared on the
screen accompanying S1 after the SOA duration. The two-digit dis-
play remained on the screen for 1,000 msec, followed by a blank
screen for 2,500 msec.

Procedure

The experimental design involved 512 trials per 1-h session,
formed from two replications of the basic 256-trial iteration (8 dig-
its for S1 X 8 digits for S2 X 4 SOAs), in randomized order and
presented in blocks of 64 trials interleaved with rest periods. The
subjects performed four of these sessions, with a different combi-
nation of tasks in each (i.e., parity—parity, magnitude—magnitude,
parity—magnitude, and magnitude—parity for Task 1 and Task 2, re-
spectively). The order of these sessions was determined according

to a balanced Latin square. Prior to each 512-trial experimental ses-
sion, the subjects performed an initial practice block of 64 trials,
which was not considered for analysis.

The subjects indicated their responses to the stimuli by pressing
the “” or the “/” key and the “x” or the “z” key of the computer key-
board with the index and middle fingers of their right and left hands,
respectively. Half of the subjects always made responses to both
tasks with the same hand, and the other half always used one hand
to respond to Task 1 and the other to respond to Task 2. Response
mapping was counterbalanced between subjects for single-/double-
handed responding with the right and/or left hand, and for mapping
of the high/low and odd/even responses with respect to each other
and to the index or middle finger. Response mapping within Tasks 1
and 2 was kept constant for each subject across the four sessions, to
minimize confusion and potential carryover effects (i.e., assignment
of odd/even and high/low responses to the index or the middle fin-
ger for a specific task was held constant—mappings could conflict
between Task 1 and Task 2).

The subjects were informed of the relevant task and response re-
quirements at the beginning of each experimental session. A card
displaying the current response mapping for each task was attached
below the computer monitor throughout the session. The subjects
were instructed to respond as quickly and as accurately as they
could. Task 1 pertinence and serial performance of the tasks were
emphasized at length. The subjects were told to concentrate on S1
for each trial and to make their response as quickly and as accurately
as they could. Only once they had responded to S1 should they then
think about S2 and try to respond quickly and accurately to it. The
subjects were explicitly told not to wait until they knew both answers
or to make a joint response, but to think of each trial as two com-
pletely separate tasks to be done in strict order.

Data Analysis

Mean reaction times were computed for trials in which both
R1 and R2 were correct. Trials with reaction times longer than
3,500 msec were excluded from analysis. Data were analyzed in
terms of the potential effects of separate semantic and response
priming of each task by the other. For every trial, the Task 1 stimu-
lus and task set were assessed with regard to (1) whether the Task 2
stimulus was semantically compatible or incompatible with the clas-
sification of S1 when both stimuli were considered under the Task 1
task set (akin to a flanker effect—here termed semantic compat-
ibility); and (2) whether the motor response to Task 1 (R1) was the
same as or opposite to the correct motor response to Task 2 (R2),
assuming regular processing of S2 via the Task 2 task set to derive
R2 (here termed response compatibility). Task 2 conditions were
assessed with regard to Task 1 information for each trial in exactly
the same manner. The semantic and response relations of both tasks
were assessed over all SOAs for both two-handed (univalent) and
one-handed (bivalent) response mappings.

Accuracy measures here represent the combined performance of
both tasks, since an error in either task disqualified an entire trial
from RT analyses. The accuracy measures reported for this experi-
ment were coded via the Task 1 semantic and response conditions
for each trial. Coding errors via Task 2 conditions reallocates half of
the trials in each semantic category (compatible vs. incompatible)
to the opposite category, but it does not reallocate trials on response
classification. (Response classifications must be the same for the
two tasks in each trial, since either the same or different physical
motor responses were made for Tasks 1 and 2. Semantic compat-
ibility can be different for the two tasks, depending on how S1 and
S2 are classified under the two different task sets.) Accuracies were
coded and assessed both ways, and little difference was observed
between them, so accuracy data are only presented here coded via
the Task 1 conditions, for brevity.

Separate 2 (semantic compatibility) X 2 (response compatibil-
ity) X 4 (SOA) X 2 (single- or double-handed response) repeated
measures ANOVAs were conducted for Task 1 and Task 2 reaction
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time data, for both same-task-set and different-task-set conditions.
For same-task-set conditions, semantic compatibility and SOA were
within-subjects factors, and response compatibility and single-/
double-handed response mapping were between-subjects factors.
For different-task-set conditions, semantic compatibility, response
compatibility, and SOA were within-subjects factors, and single-/
double-handed response was a between-subjects factor. The design
of the same-task-set trials did not allow within-subjects counterbal-
ancing of response compatibility with semantic compatibility. In
the same-task-set trials, when the mapping of semantic responses to
fingers was the same for Tasks 1 and 2 (e.g., odd = index finger and
even = middle finger for both tasks), responses were either seman-
tic and response compatible or semantic and response incompatible.
When response mappings were different from Task 1 to Task 2 (e.g.,
high = index finger, low = middle finger for Task I; low = index
finger, high = middle finger for Task 2), the two possible responses
were either semantic compatible and response incompatible or re-
sponse compatible and semantic incompatible. As such, response
compatibility was counterbalanced between subjects for same-task-
set trials, although semantic and response compatibility factors were
completely counterbalanced within subjects in different-task-set
trials. The combined Task 1-Task 2 accuracy data were analyzed
via two separate four-way repeated measures ANOVAs identical to
those for mean reaction time described above, for same-task-set and
different-task-set conditions, respectively.

Results

The results for mean reaction times and accuracy are
presented below, first for the same-task-set sessions
(magnitude-magnitude and parity—parity for Task -
Task 2) and then for the different-task-set sessions
(magnitude—parity and parity-magnitude for Task 1-
Task 2). Results for different response mapping types
(studied between subjects)—double-handed (univalent)
and single-handed (bivalent) responses for the two tasks—
are reported within the same- and different-task-set sec-
tions below. Overall, typical PRP effects were observed in
all conditions. RT2 was observed to increase with decreas-
ing SOA, and it approached a slope of —1 at the 0-msec
SOA. RT1 remained relatively flat with changing SOAs.
Mean accuracy across all conditions was 89%.

Same-Task-Set Sessions

Reaction time. Mean reaction times for same-task-set
sessions for Tasks 1 and 2 are presented graphically in Fig-
ure 2. The characteristic PRP effects were observed in the
same-task-set data. RT2 increased with decreasing SOA,
approaching a slope of —1 at the 0-msec SOA, whereas
RT1 remained relatively flat across SOAs.

For Task 1, a distinct pattern of semantic and response
priming effects was observed at the 0-msec and 100-msec
SOAs in both single-handed (bivalent) and double-handed
(univalent) conditions. Trials with both semantic and re-
sponse facilitation (Sem+ Resp+) were fastest, followed
by trials with both semantic and response interference
(Sem— Resp—) and with semantic facilitation/response
interference (Sem+ Resp—), and semantic interference/
response facilitation trials (Sem— Resp+) were slowest.
These effects disappeared at the 300-msec and 900-msec
SOAs for single-handed responses. Double-handed re-
sponses separated into double-facilitation/interference tri-
als (Sem+ Resp+ and Sem— Resp—), which mimicked
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the results for single-handed responses, and mixed-facilita-
tior/interference trials (Sem+ Resp— and Sem— Resp+),
which were significantly slower than the other conditions.

Inferential statistics supported these observations for
Task 1. Significant main effects were observed for se-
mantic compatibility [F(1,28) = 23.65, p < .001] and
SOA [F(3,84) = 10.67, p < .001], whose interaction was
also significant [F(3,84) = 31.74, p < .001]. A three-
way interaction between response compatibility, SOA,
and single-/double-handed response was also reliable
[F(3,84) = 4.67, p < .01]. Fisher’s least significant differ-
ence of the mean, with an alpha of .05 (LSD (5) computed
from mean square error for the highest order interaction,
was 14.57 msec. By this criterion, semantic and response
priming effects were significant at the 0-msec and 100-
msec SOAs for both single- and double-handed responses.
Double-facilitation/interference responses were signifi-
cantly different from mixed-facilitation/interference re-
sponses at the 300-msec and 900-msec SOAs for double-
handed response conditions.

These results replicate those of Logan and Schulkind
(2000), Logan and Gordon (2001), and Logan and Del-
heimer (2001) and show an effect of Task 2 semantic in-
formation on Task 1 performance at short SOAs, which
was taken as evidence of parallel memory retrieval by the
authors above. R2 information also appeared to have an
effect on R1! at shorter SOAs. This response-level cross-
talk challenges the discrete-stage processing assumption.
However, since semantic and response relationships are
not completely orthogonal within subjects in the same-
task-set task design, the response crosstalk effect seen here
may be biased by semantic factors. The different-task-set
trials provided a more rigorous test, with complete within-
subjects orthogonality of potential semantic and response
crosstalk effects.

For Task 2 in the same-task-set conditions, a similar
pattern of semantic and response priming effects was ob-
served at all SOAs, in both the single- and double-handed
conditions. Trials with both semantic and response facili-
tation (Sem+ Resp+) were fastest, followed by trials with
both semantic and response interference (Sem— Resp—),
with mixed-facilitation/interference trials slowest. Of this
last group, semantic facilitation/response interference
trials (Sem+ Resp—) were almost uniformly faster than
semantic interference/response facilitation trials (Sem—
Resp+). Two-handed response conditions were uniformly
slower than the corresponding one-handed conditions.

These Task 2 effects were supported by inferential sta-
tistics. Main effects were significant for SOA [F(3,84) =
590.62, p < .001], semantic compatibility [F(1,28) =
98.12, p < .001], and response compatibility [F(1,28) =
10.40, p < .01]. Two-way interactions between semantic
and response compatibility [F(1,28) = 15.91, p < .001]
and semantic compatibility and SOA [F(3,84) = 48.76,
p < .001], as well as the three-way interaction between
these variables [F(3,84) = 4.32, p < .01], confirmed the
semantic and response priming effects and the mixed-
facilitation/interference conflict cost. The observed effect
of responses being generally slower in the double-handed
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Figure 2. Experiment 1: Same-task-set mean reaction times for Tasks 1 and 2.

than in the single-handed response conditions was reflected
in an additional three-way interaction between semantic
compatibility, SOA, and single-/double-handed response
mapping [F(3,84) = 5.59, p < .01]. Fisher’s LSD 5 for
the highest order interaction was 14.71 msec. By this
criterion, the semantic and response priming effects de-
scribed were significant at all SOAs for Task 2, in both the
single- and double-handed response conditions.

The Task 2 findings for same-task-set trials again rep-
licate those of Logan and Schulkind (2000), Logan and
Gordon (2001), and Logan and Delheimer (2001). They
demonstrate effects of semantic and response compatibil-
ity of Task 1 information on Task 2 performance. These
Task 2 findings are not diagnostic with regard to the main
theoretical issue, the validity of the discrete-stage process-
ing assumption. However, they may provide additional re-
assurance with regard to critical Task 1 crosstalk findings,
in that the pattern of significant semantic and response ef-

fects on Task 2 was extremely consistent with the pattern
of significant effects observed at short SOAs in Task 1.

Accuracy. Mean combined accuracy measures for the
same-task-set sessions in Tasks 1 and 2 are shown in Fig-
ure 3 for single-handed (bivalent) and double-handed (uni-
valent) responses. Accuracy performance was consistent
with that for the reaction time measures. In general, higher
mean error rates were observed in conditions with slower
mean reaction times, with no speed—accuracy trade-off
evident. Both semantic and response compatibility ap-
peared to influence performance. In the double-handed
response condition, semantic compatibility appeared to
have the largest effect on overall accuracy across SOAs,
with the single-handed condition showing a combination
of semantic and response effects more similar to those
seen in the reaction time measures.

These observations were supported by inferential sta-
tistics. Significant main effects were observed for seman-
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Overall Accuracy Given Correct Response on Both Tasks
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Figure 3. Experiment 1: Same-task-set mean combined accuracy for Tasks 1 and 2 (T1 and T2, respectively).

tic compatibility [F(1,28) = 17.17, p < .001] and SOA
[F(3,84) = 4.51, p < .01], and the interaction of these
factors was also significant [F(3,84) = 4.30, p < .01].
A two-way interaction was also observed between SOA
and single-/double-handed response condition [F(3,84) =
3.74, p < .05].

It is important to note that the accuracy effects observed
here essentially represent a summation of errors from
Tasks 1 and 2, with the exception of those (assumedly
few) trials in which errors occurred in both tasks. Infor-
mal inspection of individual trial data suggests that the
large majority of errors were committed on Task 2, with
relatively error-free Task 1 performance. As such, it is
important to note that the accuracy effects of semantic
and response compatibility shown in Figure 3 should not
be misinterpreted as potential effects of Task 2 informa-
tion on Task 1 performance. These accuracy measures ap-
pear to primarily (and probably only) reflect the effects of
Task 1 information on Task 2 performance.

Different-Task-Set Sessions

Reaction time. Mean reaction time data for Tasks 1
and 2 in the different-task-set sessions are shown graphi-
cally in Figure 4. Again, the typical PRP effects were seen,
with RT2 increasing with decreasing SOA, approaching a
slope of —1 at the 0-msec SOA. RT1 was relatively flat
across SOAs. Set-switching costs were also observed,
with same-task-set conditions faster than different-task-
set conditions by an average of 112 msec for Task 1 and
237 msec for Task 2 (also see Logan & Gordon, 2001;
Logan & Schulkind, 2000).

For Task 1, semantic and response priming effects were
observed at the 0-msec SOA for single-handed (bivalent)
responses. The pattern of effects observed here was simi-
lar to that seen in the corresponding same-task-set data
(above). Double-facilitation trials (Sem+ Resp+) were

fastest, followed by double-interference trials (Sem—
Resp—), and then mixed-facilitation/interference trials
(Sem— Resp+ and Sem+ Resp—). These effects were
not observed at the 100-msec, 300-msec, or 900-msec
SOAs for single-handed responses. The double-handed
(univalent) responses were uniformly slower and did not
show any semantic or response priming effects.
Inferential statistics confirmed the observations above
for Task 1. There was a significant main effect of SOA
[F(3,90) = 44.07, p < .001] but not of semantic or re-
sponse compatibility. However, two-way interactions be-
tween semantic and response compatibility [F(1,30) =
7.18, p < .05] and between response compatibility and
SOA [F(3,90) = 2.77, p < .05] were significant. Fisher’s
LSD s for the highest order interaction was 21.09 msec.
By this criterion, the double-facilitation condition (Sem+
Resp+) was significantly faster than both of the mixed-
facilitation/interference conditions (Sem+ Resp— and
Sem— Resp+) at the 0-msec SOA, but not at subsequent
SOAs, for single-handed responses. The double-handed
responses again showed no reliable pattern of differences.
The double-handed trials for Task 1 replicated the
different-task-set findings of Logan and Schulkind (2000)
and Logan and Gordon (2001), who used only double-
handed response mapping in their PRP tasks. The single-
handed response conditions were a new addition for the
present experiments and revealed a new and important
finding beyond those from previous studies. The finding
here of Task 2 response information influencing Task 1 re-
sponse selection suggests that Task 2 RS had begun before
Task 1 RS was complete. This would appear to be a direct
violation of the discrete-stage processing assumption.
For Task 2, semantic and response priming effects were
observed at all SOAs for single-handed responses. The
pattern of these effects was similar to that seen in Task 1
at the 0-msec SOA and in the corresponding same-task-set
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Figure 4. Experiment 1: Different-task-set mean reaction times for Tasks 1 and 2. The upper lines in panel A show a

portion of the lower lines on a finer scale.

trials. The double-facilitation condition (Sem+ Resp+)
was fastest, with the double-interference condition (Sem—
Resp—) following closely, appearing relatively slower only
at the 0-msec SOA. The semantic facilitation/response
interference (Sem+ Resp—) and semantic interference/
response facilitation (Sem— Resp+) conditions then fol-
lowed in that order. In contrast, double-handed responses
were uniformly slower and did not appear to be influenced
by semantic or response compatibility.

These observations were supported by inferential sta-
tistics for Task 2. Main effects of semantic compatibil-
ity [F(1,30) = 22.97, p < .001], response compatibility
[F(1,30) = 10.69, p < .01], and SOA [F(3,90) = 545.37,
p < .001] were all significant. The two-way interactions
between semantic and response compatibility [£(1,30) =
11.27, p < .01] and between semantic compatibility and
SOA [F(3,90) = 3.73, p < .05], as well as the three-way

interaction between these factors [F(3,90) = 5.03, p <
.01], were also significant. A three-way interaction be-
tween semantic and response compatibility and single-/
double-handed response was also reliable [F(1,30) =
12.99, p < .01]. Fisher’s LSD o5 for the highest order in-
teraction was 23.76 msec. By this criterion, the double-
facilitation condition (Sem+ Resp+) was significantly
faster than both mixed-facilitation/interference conditions
(Sem+ Resp— and Sem— Resp+) at all SOAs for single-
handed responses in Task 2. No such differences were ob-
served for the double-handed conditions.

The double-handed trials for Task 2 again replicated
the different-task-set findings of Logan and Schulkind
(2000) and Logan and Gordon (2001). The new single-
handed conditions demonstrated effects of semantic and
response compatibility of Task 1 information on Task 2
performance. Again, these Task 2 findings are not diag-
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nostic with regard to the main theoretical issue, the valid-
ity of the discrete-stage processing assumption. They may,
however, provide additional reassurance with regard to
Task 1 crosstalk findings, since the pattern of significant
semantic and response effects on Task 2 was extremely
consistent with the pattern of significant effects observed
at the 0-msec SOA in Task 1.

To try to better assess the crosstalk effects in different
response conditions, the different-task-set data were re-
analyzed with separate 2 (semantic compatibility) X 2 (re-
sponse compatibility) X 4 (SOA) repeated measures ANO-
VAs for single- and double-handed response conditions in
Tasks 1 and 2. As before, semantic compatibility, response
compatibility, and SOA were all within-subjects factors.

The results were clear. The single-handed results were
quite similar to those for the combined data. For Task 1,
only the main effect of SOA was significant [F(3,45) =
22.24, p < .001], but interactions between semantic and
response compatibility [F(1,15) = 4.88, p < .05] and be-
tween response compatibility and SOA [F(3,45) = 4.95,
p < .01] confirmed the observed effects of semantic and
response priming at the shortest SOA. A single 2 (seman-
tic compatibility) X 2 (response compatibility) repeated
measures ANOVA for single-handed responses at the
0-msec SOA showed a significant interaction between
semantic and response compatibility effects [F(1,15) =
5.51, p < .05]. Task 2 main effects of semantic compati-
bility [F(1,15) = 93.60, p < .001], response compatibility
[F(1,15) = 11.58, p < .01], and SOA [F(3,45) = 210.14,
p < .001] were all significant. The two-way interactions
between semantic and response compatibility [F(1,15) =
97.27, p < .001] and semantic compatibility and SOA
[F(3,45) = 4.16, p < .05}, and the three-way interaction
between these variables [F(3,45) = 6.74, p < .01], were
also significant, confirming the observed effects on Task 2
over all SOAs for single-handed responses.
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The double-handed response conditions were quite
different. Only the main effect of SOA was significant
for both Task 2 [F(3,45) = 378.73, p < .001] and Task 1
[F(3,45) = 21.97, p < .001]. Other than a marginal effect
of semantic compatibility observed for Task 2 [F(1,15) =
3.47, p = .082], no semantic or response compatibility
effects were observed at all.

Accuracy. Mean combined accuracy measures for
Tasks 1 and 2 for different-task-set sessions are shown
in Figure 5 for single- (bivalent) and double-handed (uni-
valent) responses. Given the separation of semantic and
response compatibility effects observed in the RT data,
separate three-way ANOVAs were conducted for single-
and double-handed response data, identical to those for
mean reaction time above. Accuracy effects were again
quite consistent with those for the reaction time mea-
sures. In general, higher mean error rates were observed
in conditions with slower mean reaction times, with no
speed—accuracy trade-off evident. Both semantic and re-
sponse compatibility appeared to influence performance
in both single- and double-handed response conditions,
where similar effects on reaction time were observed only
with single-handed responses. Notably, the sizes of the
accuracy effects on single-handed responses were twice
as large as those on double-handed responses. In addition,
errors generally appeared to be more common as SOA
decreased.

These observations were supported by inferential sta-
tistics. For double-handed responses, main effects of se-
mantic compatibility [F(1,15) = 5.81, p < .05] and SOA
[F(3,45) = 5.97, p < .01] were reliable, and the main ef-
fect of response compatibility was marginal [F(1,15) =
3.10, p = .099]. These effects were modified by a signifi-
cant three-way interaction between the factors [F(3,45) =
3.92, p < .05]. For the single-handed response data,
the main effect of response compatibility was reliable
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Figure 5. Experiment 1: Different-task-set mean combined accuracy for Tasks 1 and 2 (T1 and T2, respectively).
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[F(1,15) = 14.17, p < .01], as was the two-way interac-
tion between it and semantic compatibility [F(1,15) =
19.30, p < .01]. In addition, the main effect of SOA was
marginal [F(3,45) = 2.80, p = .051].

Again, it must be noted that the accuracy effects ob-
served here essentially represent a summation of errors
from Tasks 1 and 2, minus those trials where errors oc-
curred in both tasks. Informal inspection of individual
different-task-set trial data again suggested that the large
majority of errors were committed on Task 2, with rela-
tively error-free Task 1 performance. As such, it is im-
portant to note that the accuracy effects of semantic and
response compatibility shown in Figure 5 should not be
misinterpreted as potential effects of Task 2 information
on Task 1 performance. These accuracy measures appear
to primarily (and probably only) reflect the effects of
Task 1 information on Task 2 performance.

Discussion

This experiment was designed to investigate the pos-
sibility of parallel response selection in a PRP paradigm.
The cross-task influence of semantic and response infor-
mation was investigated with regard to both Task 1-to-
Task 2 and Task 2-to-Task 1 priming effects. RSB theory
relies on a discrete-stage processing assumption, which
states that the RS processes of Tasks 1 and 2 must be dis-
crete and serial with respect to each other—that is, Task 2
RS cannot begin until Task 1 RS is complete. RSB theory
allows Task 1-to-Task 2 priming of RS information (as
would be generally expected), but not the reverse.

Data from both same- and different-task-set conditions
showed that Task 1 RS was influenced by Task 2 response
information. In order for this to occur, Task 2 processing
up to and including generation of substantial R2 infor-
mation must have been active prior to the completion of
Task 1 RS. Recall that this is in an experimental setting in
which subjects were instructed to complete their response
to Task 1 as quickly as possible, before attempting to per-
form Task 2.

The different-task-set conditions were particularly im-
portant here, because they allowed an independent within-
subjects assessment of response crosstalk effects that was
orthogonal to potential semantic effects. The observation
of Task 2-to-Task 1 response crosstalk at the 0-msec SOA
in the single-handed (bivalent) response condition is the
single most important finding here. The absence of these
effects at later SOAs is in keeping with general assump-
tions about the time course of the tasks. It is straightfor-
ward to predict that as Task 1 processing progresses, it
will at some point no longer be susceptible to task-related
information. Task 2 information cannot be derived until
S2 is presented, so one would predict that there should be
some SOA cutoff where susceptible Task 1 processes have
progressed too far to be influenced by Task 2 information.
This assumption provides a useful check for our experi-
ments, in that Task 1 should show compatibility effects
from Task 2 information at short SOAs only (if they occur
at all), and that such effects should be absent at longer
SOAs. This was indeed the pattern of results observed

throughout the Experiment 1 data, which increases our
confidence in the Task 1 response compatibility effects
observed.

One potential concern for the interpretation of our
data involves the way in which subjects performed the
two tasks within a single trial. In order to interpret ef-
fects of R2 information on Task 1 RS, we must assume
that subjects are performing the two tasks in strict serial
order and not attempting to perform Task 2 before they
have responded to Task 1. Obviously, computing the re-
sponses to both tasks and then making a combined double
response for the whole trial could generate the response
compatibility effects we observe with strict serial RS per-
formance. Though we went to great pains to encourage
subjects to perform the two tasks completely separately
and serially, several aspects of the data also suggest that
response grouping is unlikely to be the cause of the cross-
talk effects observed here.

We consider our different-task-set RT data (Figure 4) to
present the strongest case for parallel RS processing, and
consider these data primarily. Here, the critical result in
question is the compatibility effect in RT1 at the 0-msec
SOA for single-handed response conditions. Could the
Task 1 compatibility effects we observed be due to sub-
jects delaying R1 in order to make a grouped R1 + R2
response, perhaps only on a subset of trials? If R1 were de-
layed in this fashion, we might expect to observe a slower
RT1 at the 0-msec SOA than at the 100-msec SOA, where
no compatibility effects were observed. This was not the
case, since RT1 was faster at the 0-msec than at the 100-
msec SOA. Even if a subset of 0-msec-SOA trials were
performed with a response-grouping strategy, and only
these trials had Task 2-to-Task 1 influences, we would still
expect the mean RT1 to be slower at the 0-msec than at the
100-msec SOA, where no such effects were observed.

Several other factors argue against a response-grouping
explanation. The random presentation order of different-
SOA trials, combined with the imperative Task 1 per-
formance requirements, would have made it extremely
difficult for subjects to selectively perform 0-msec-SOA
trials with a response-grouping strategy without having
this strategy influence trials at other SOAs, particularly
100 msec. Put another way, given the lack of compatibil-
ity effects in Task 1 at the 100-msec SOA (from response
grouping or otherwise), it seems unlikely that subjects
could selectively perform randomly intermixed 0-msec-
SOA trials with a response-grouping strategy without in-
curring any kind of RT cost on Task 1 performance. The
lack of RT1 compatibility effects at longer SOAs, the lack
of such effects in any of the double-handed (univalent)
response conditions (whose RTs were a good deal slower
than in the bivalent conditions), as well as the consistent
findings of characteristic PRP effects throughout the data
set, also suggest that response-grouping strategies are not
the cause of the crosstalk effects we observed.

Extending Information Crosstalk Approaches
Within our results, a number of important boundary
conditions and other effects were identified. Responding
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with one hand for Task 1 and the other for Task 2 (univa-
lent responding) was consistently slower in all conditions
than was making both responses with the same hand (bi-
valent responding). This was an interesting and somewhat
surprising finding, given that most PRP studies are con-
ducted with different hands or response modalities (e.g.,
manual and vocal responses for Tasks 1 and 2, respec-
tively) in order to minimize response conflict/interference,
and supposedly to improve performance.

Logan and Schulkind’s (2000) results were replicated
here as the double-handed response condition data. Within
this half of the design, the same parallel semantic retrieval
effects they described (in addition to our parallel response-
selection effects) were observed in same- but not in
different-task-set trials (also see Logan & Gordon, 2001).
Logan and Schulkind suggested that parallel semantic
memory retrieval was dependent on both tasks using the
same task set. Logan and Gordon embodied this sugges-
tion in a formal model of the PRP task that accounted for
crosstalk between tasks. Although their suggestion was
reasonable in light of their data, the present results suggest
that it is not entirely the case. Both semantic retrieval and
response-selection processes were seen to occur in paral-
lel in same- and different-task-set conditions here, with
data suggestive of parallel RS processing being dependent
on responding to both tasks with the same hand. How-
ever, crosstalk effects were smaller when different task
sets were used for the two tasks, compared with the same-
task-set conditions. Logan and Gordon discussed these
potential differences in regard to semantic crosstalk, not-
ing that the same-task-set trials may be influenced by both
the semantic compatibility of memory retrieval required
for each task and flanker-like semantic compatibility ef-
fects (Eriksen & Eriksen, 1974), but different-task-set tri-
als may only be influenced by the latter.

The abolition of practically all cross-task semantic and
response priming in different-task-set conditions with
double-handed responses is also quite interesting and war-
rants further investigation. Considering hand and finger
response mapping as part of a required task set, substan-
tially greater reconfiguration would be required between
tasks for double-handed than for single-handed different-
task-set trials, or for any of the same-task-set conditions. It
is also possible that changing certain task set components
(e.g., response mapping between hands) may impose a
greater cognitive or time cost or may otherwise disrupt
these effects. Such suggestions are only speculative, and
further experimentation is needed to investigate these and
related issues.

Finally, throughout our data, a recurring pattern of seman-
tic and response compatibility interaction was observed. In
general, where such interactions were observed—namely,
at short SOAs for Task 1 and all SOAs for Task 2 in all
same-task-set conditions and in the bivalent different-task-
set conditions—the combined semantic- and response-
compatible condition (Sem+ Resp+) was fastest, followed
by the combined semantic- and response-incompatible con-
dition (Sem— Resp—), with the mixed-compatibility con-
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ditions (Sem+ Resp— and Sem— Resp+) slowest. Such
an interaction is quite interesting, and it most basically sug-
gests that semantic and response compatibility effects are
not completely isolated and simply additive in their effects.
The more substantial question is why these apparently sepa-
rate effects should interact as we have observed.

A consideration of the overall degree of both semantic-
and response-related conflict or mismatch present in par-
ticular trial situations may provide a good starting point
from which to consider these effects. Specifically, the
combination of particular semantic and response compat-
ibilities may produce conflict effects above and beyond
basic effects of semantic and response compatibility/
facilitation alone. When the stimulus and response for the
currently attended task are compatible with the semantic
categorization of the other stimulus under the current task
set, as well as with the motor response for the other task
(i.e., the Sem+ Resp+ condition), there is no conflicting
information. When the stimulus and response for the cur-
rently attended task are incompatible with the semantic
categorization of the other stimulus under the current task
set, as well as with the motor response for the other task
(i.e., the Sem— Resp— condition), there is a presumed
lack of facilitation, and our data show reaction times to be
slower for this condition in most cases. However, we sug-
gest that there may be relatively little conflict in this situa-
tion. There may be some benefit (perhaps more correctly,
a lack of detriment) to having to make an incompatible
motor response when an incompatible semantic flanker is
present—essentially, that there is less inherent conflict in
selecting the opposite motor response when there is a mis-
match in semantic information. Note that in this situation,
the relationship between the stimulus for the other task
and the incompatible motor response in our experiment
was not predictive under the attended task’s task set; the
relationship here was orthogonal by design.

Along these lines, the cases of highest conflict may be
those conditions with mixed semantic and response com-
patibility, and not the dual-incompatible case. Consider
the situation in which the stimulus for the currently at-
tended task is incompatible with the semantic categori-
zation of the other stimulus under the current task’s task
set, but the motor response required is compatible with
that of the other task (the Sem— Resp+ condition). In
this situation, the semantic information may drive the se-
lection of the correct compatible motor response, but the
mismatch in semantic category may itself provide some
signal favoring an opposite response, above and beyond
the first-order semantic and response mappings inherent
in the current task set. The more general point is that such
mismatch signals may add additional conflict or other
noise to the system, necessitating greater protection of
these processes and resulting in longer reaction times and
higher error rates, as observed in our data. The effects of
the other mixed-compatibility condition (Sem+ Resp—)
can be considered in a similar way.

Most importantly, it should be noted that with or with-
out such interactions, the primary issue is whether we
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can detect the influence of Task 2 response information
on Task 1 response selection. We suggest that in order to
generate such R2-to-R1 effects (independent of S2-to-
R1 effects), whether they interact with other factors or
not, requires R2 information to be generated prior to the
completion of Task 1 RS, which is the principal issue at
stake here.

Similar effects have been observed previously, most re-
cently in the literature on task set switching. For example,
Rogers and Monsell (1995) found similar interactions
with response repetition effects and set switching in five
experiments using an alternating-runs paradigm. When
the current trial required the same task to be performed as
on the previous trial (no switch of task set), performance
was faster when the same motor response was required as
on the previous trial, compared with making the alternate
motor response—a typical response repetition facilitation
effect. However, when the current trial required a different
task to be performed than on the previous trial (a task set
switch), performance was slower when the same motor
response was required as on the previous trial, compared
with making the alternate motor response. Our interac-
tions of semantic and response compatibility effects
closely mirror these findings from the set switching lit-
erature. Rogers and Monsell suggested several potential
mechanisms for such effects, some of which are similar
to those we describe above, including both prevention of
response perseveration and the increased requirements of
control processes to prevent error in the face of greater
informational mismatch. Though these ideas are quite
speculative, this particular pattern of semantic and re-
sponse interaction appears to be robust, and as we dis-
cussed above, these priming results are unlikely to be due
to response grouping, reversal of task performance order
on a subset of trials, or other similar strategic delaying in
performance. These priming effects and the interesting
interactions we observed here appear to be real, and they
warrant more study.

EXPERIMENT 2

The first experiment demonstrated that Task 1 response
selection could be influenced by information arising from
Task 2 RS processes, within an experimental paradigm
that stressed strict serial Task 1-then-Task 2 performance
of the two tasks. These effects were observed with both
single- (bivalent) and double-handed (univalent) response
conditions when the same task was performed for Tasks 1
and 2, but such effects were present only when the same
hand was used to respond to different tasks for Tasks 1
and 2.

The second experiment sought to replicate the key
findings of Experiment 1—namely, the ability for Task 2
RS information to influence Task 1 RS. In addition, we
sought to test the limits of the apparent boundary condi-
tion of the effect, requiring within-hand (bivalent) motor
response mapping for both tasks. For this experiment,
we used only the most critical quarter of the design from
Experiment 1—different tasks for Task 1 and Task 2 with

repeated (equivalently bivalent) response mapping. In-
stead of mapping responses for both tasks to the index
and middle fingers of the same hand, we mapped response
alternatives for each task to the right or the left index fin-
ger for both Tasks 1 and 2. We hypothesized that we would
observe the same kind of effects as in the single-handed
response condittons in the different-task-set sesstons in
Experiment 1—effects of semantic and response compat-
ibility at all SOAs in Task 2 and, critically, the same pat-
tern of effects at the shortest SOA(s) in Task 1.

Method

Subjects

Sixteen undergraduates from the University of Illinois at
Urbana-Champaign participated in a single 1-h session. The subjects
received either partial course credit or $6/h for their participation.
All subjects were right-handed and had normal or corrected-to-normal
vision.

Apparatus and Stimuli

The stimuli and computer apparatus were the same as for Experi-
ment 1. Responses were collected using the “”” and “x” keys of the
computer keyboard. The stimuli were presented as in Experiment 1,
with the same SOAs and event timing.

Task 1 and Task 2 were always different in this experiment. Half
of the subjects performed the parity task (“Is S1 odd or even?”) as
Task 1 and the magnitude task (“Is S2 higher or lower than 5?”) as
Task 2. The other half performed the magnitude task as Task 1 and
the parity task as Task 2.

Procedure

The experimental design involved 512 trials, formed from two
replications of the basic 256-trial iteration (8 digits for S1 X 8 digits
for S2 X 4 SOAs), in randomized order and presented in blocks of
64 trials interleaved with rest periods, as in Experiment 1. Prior to
each 512-trial experimental session, the subjects performed an initial
practice block of 64 trials, which was not considered for analysis.

The subjects indicated their responses to the stimuli by press-
ing the “.” and “x” keys of the computer keyboard with the index
fingers of their right and left hands, respectively. All subjects made
responses to both tasks with the same effectors—right versus left
index fingers for Task 1, and then again for Task 2. Mapping of se-
mantic classification (odd/even and high/low) to right/left motor
response was constant for individual subjects throughout the experi-
ment and was completely counterbalanced between subjects.

The subjects received the same instructions as for Experiment 1.
They were instructed to respond as quickly and as accurately as they
could, with Task 1 pertinence and serial performance of the tasks
emphasized at length. The subjects were told to concentrate on S1
for each trial and to make their response to it as quickly and as ac-
curately as they could. Only once they had responded to S1 should
they then think about S2 and try to respond quickly and accurately to
it. The subjects were explicitly told not to wait until they knew both
answers or to make a joint response, but to think of each trial as two
completely separate tasks to be done in strict order.

Results

Reaction Time

Mean reaction times for Tasks 1 and 2 were computed
from trials in which responses to both tasks were correct.
Data from 2 subjects were excluded from analysis because
of mean reaction times more than two standard deviations
slower than those of the other subjects, as well as error
rates more than twice that of all other subjects. The anal-
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yses here concern data from the 14 remaining subjects.
Analyses of reaction time measures are presented first,
followed by an analysis of the overall and task-relative
accuracy measures.

Mean reaction time data for Tasks 1 and 2 are shown
graphically in Figure 6. Separate 2 (semantic compat-
ibility) X 2 (response compatibility) X 4 (SOA) repeated
measures ANOVAs were conducted for Task 1 and Task 2
mean reaction time data, with all factors within subjects.
As throughout Experiment 1, the typical PRP effects were
observed, with RT2 increasing with decreasing SOA, ap-
proaching a slope of —1 at the 0-msec SOA, and RT'1 re-
maining relatively constant across SOAs.

For Task 1, semantic and response compatibility effects
were observed at the 0-msec SOA and not at later SOAs,
closely matching the effects seen in the corresponding
conditions (different task sets with single-handed re-
sponse mapping) of Experiment 1. Double-facilitation
trials (Sem+ Resp+) were fastest, followed by double-
interference trials (Sem— Resp—), and then mixed-
facilitation/interference trials (Sem— Resp+ and Sem+
Resp—). This pattern was also suggested by the data at the
100-msec SOA, but the magnitude of differences between
conditions was much smaller here.

These observations were supported by inferential sta-
tistics, with a significant interaction observed between se-
mantic and response compatibility [F(1,13) = 6.35, p <
.05]. The main effect of SOA was also reliable [F(3,39) =
21.89, p < .001]. An additional 2 (semantic compat-
ibility) X 2 (response compatibility) repeated measures
ANOVA for the 0-msec-SOA data showed a significant
interaction between semantic and response compatibility
effects [F(1,13) = 5.61, p < .05].

The response compatibility effect of Task 2 response in-
formation on Task 1 performance observed at the 0-msec
SOA replicated the critical finding in the single-handed
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(bivalent) response conditions of the different-task-set ses-
sions of Experiment 1. This finding suggests that Task 2
RS was active prior to the completion of Task 1 RS, in
violation of the discrete-stage processing assumption.

For Task 2, semantic and response compatibility effects
were observed, closely matching the effects at the 0-msec
SOA in Task 1, as well as those seen in the corresponding
conditions of Experiment 1. Across SOAs, the double-
facilitation (Sem+ Resp+) condition was fastest; the
double-interference (Sem— Resp—) condition followed
closely, and even appeared to be somewhat faster at lon-
ger SOAs. The semantic facilitation/response interference
(Sem+ Resp—) and semantic interference/response facilita-
tion (Sem— Resp+) conditions then followed in that order.

Inferential statistics supported these observations. Sig-
nificant main effects were observed for response com-
patibility [F(1,13) = 4.96, p < .05] and SOA [F(3,39) =
211.58, p < .001]. Significant two-way interactions
were observed for semantic and response compatibility
[F(1,13) = 32.76, p < .001] and for semantic compatibil-
ity and SOA [F(3,39) = 3.05, p < .05]. The three-way in-
teraction between these factors was marginal [F(3,39) =
2.24,p = .098].

Task 2 crosstalk findings replicated those of the equiva-
lent conditions in Experiment 1. It should again be noted
that these Task 1-to-Task 2 crosstalk effects are not di-
agnostic in regard to the validity of the discrete-stage
processing assumption. They may, however, provide ad-
ditional confidence in the Task 1 crosstalk results, with re-
gard to the similarity of patterns of semantic and response
compatibility effects observed in both tasks.

Accuracy

Mean combined accuracy measures for Tasks 1 and 2
(again classified with regard to Task 1 semantic and re-
sponse categories) are shown in Figure 7. These data again
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Figure 6. Experiment 2: Mean reaction times for Tasks 1 and 2 (different task sets). The upper lines in panel A show a
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represent the combined errors from both tasks, since an
error in either task disqualified an entire trial from con-
sideration for RT analysis. These data were quite similar
to those from the analogous conditions in Experiment 1
(different task sets with single-handed [bivalent] response
mapping; see Figure SA).

Given our informal observation in Experiment 1 that
most errors arose from Task 2, we rescored our raw data
from Experiment 2 to separately assess errors commit-
ted on Task 1 and on Task 2, given a correct response in
the other task. These mean accuracy data for Task 1 and
Task 2 separately are presented in Figure 8. Consistent
with our informal observations in Experiment 1, the large
majority of errors were observed in Task 2, with relatively
error-free performance in Task 1 (lowest mean accuracy
for Task 1 was 97.2%, for the Sem+ Resp— condition at
the 900-msec SOA). Task 2 accuracy effects were consis-
tent with those for the reaction time measures, with higher
mean error rates generally observed in conditions with
slower mean reaction times, suggesting an underlying pro-
cess driving both rather than a speed—accuracy trade-off.

Separate three-way repeated measures ANOVAs were
conducted for the Task 1 and Task 2 mean accuracy data,
exactly as for the mean reaction time measures. Inferential
statistics supported the observations above. For Task 2,
the main effect of response compatibility was significant
[F(1,13) = 17.11, p < .01], with a marginal main effect
of semantic compatibility [F(1,13) = 4.31, p = .058];
both were modified by a significant two-way interaction
[F(1,13) = 22.87, p < .001]. In addition, the two-way
interaction of semantic compatibility and SOA was mar-
ginal [F(3,39) = 2.71, p = .058].

ForTask 1, only a main effect of semantic compatibility
was evident [F(1,13) = 5.67, p < .05], with a marginal
two-way interaction of response compatibility and SOA
[F(3,39) = 2.47, p = .076]. Given our focus on the se-
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Figure 7. Experiment 2: Mean combined task accuracy (dif-
ferent task sets).

mantic and response effects on RTs at the 0-msec SOA for
Task 1, we performed an additional 2 (semantic compat-
ibility) X 2 (response compatibility) repeated measures
ANOVA to assess specific accuracy effects here. A signif-
icant main effect of semantic compatibility was observed
again [F(1,13) = 5.45, p < .05], but no effect of response
compatibility was found, nor any interaction of the two
factors.

Discussion

Results from Experiment 2 closely mirrored those from
the equivalent conditions of Experiment 1, with different
task sets for Tasks 1 and 2 and bivalent response mapping.
A now-characteristic pattern of response and semantic
compatibility effects was observed at all SOAs for Task 2
and, critically, at only the shortest SOA for Task 1. These
data replicate the findings of Experiment 1 and again sug-
gest that Task 2 RS information was available prior to the
completion of Task 1 RS.

The alternative bivalent response mapping used for
this task (right vs. left hand response alternatives for both
Tasks 1 and 2) did not disrupt response or semantic cross-
talk effects, as the different-handed (univalent) responses
did for different-task-set performance in Experiment 1.
This contrast suggests some functional equivalence be-
tween the bivalent response methods used in the two ex-
periments here and may be an interesting issue for further
investigation.

GENERAL DISCUSSION

This article investigated whether the response-selection
processes of both tasks of a dual-task pair could operate in
parallel in a typical PRP paradigm. Specifically, we sought
to test the discrete-stage processing assumption, which
RSB theory depends upon in interpreting RT data to iden-
tify the bottleneck. The locus-of-slack logic that underlies
this interpretation assumes that the processes involved in
the bottleneck—for RSB theory, the response-selection
stage for both tasks in a PRP paradigm—are discrete and
serial. As such, RSB theory suggests that Task 2 response
selection cannot begin until Task 1 response selection is
complete.

The basic design of our experiments attempted to inde-
pendently assess how R1 was influenced not only by S2,
but also by R2. The tasks were designed so that poten-
tial response compatibility effects would be completely
orthogonal to potential semantic compatibility effects.
The different-task-set sessions enabled a more controlled
analysis, removing the potential for semantic effects due
to a common task set being used for both tasks. Under the
different-task-set arrangement, S2 has its effect on R1 by
influencing the semantic classification of S1 under the
Task 1 task set—essentially a flanker effect (Eriksen &
Eriksen, 1974). Response compatibility effects of (even-
tual) R2 on R1 may occur if a substantial amount of Task 2
RS information is available prior to the completion of
Task 1 RS. In order for it to elicit Task 2 response infor-
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Figure 8. Experiment 2: Task-specific mean accuracy for Tasks 1 and 2 (different task sets).

mation (and influence the selection of the motor response
for Task 1), S2 must be classified under the Task 2 task set
prior to the completion of Task | RS.

Data from both experiments demonstrated cross-task
influences of semantic and response information through
both Task 1-to-Task 2 and Task 2-to-Task 1 priming ef-
fects. These effects were observed at all SOAs for Task 2
and, critically, at only short SOAs for Task 1. This sug-
gests that at short SOAs, Task 2 processing had progressed
sufficiently to produce R2 information that could prime
Task 1 RS. Priming of Task 1 RS from R2 information re-
quires that Task 2 response processes begin before Task 1
RS is complete. Such findings suggest that Task 1 and
Task 2 RS processes may operate in parallel. This would
constitute a violation of the discrete-stage processing as-
sumption, a key component of the locus-of-slack logic
upon which RSB theory is based.

It is possible that RSB theory itself could be compro-
mised because of this fundamental assumption. Whether
or not RSB is affected by this challenge depends on the
outcome of the mathematical analysis necessary to de-
velop locus-of-slack predictions without assuming dis-
crete stages (i.e., assuming cascaded stages). It is possible
that all the predictions about additive and underadditive
interactions with SOA would remain the same, in which
case our present results would not challenge RSB theory.
It is also possible that the predicted interactions will in-
deed change, in which case our results do challenge RSB
theory. Ashby’s (1982) and McClelland’s (1979) analyses
of single-task cascade processes showed that the patterns
of interaction and additivity that cascaded stages predict
are often different from the patterns that discrete stages
predict. By induction, onc might expect similar compli-
cations when the locus-of-slack predictions for cascaded
stages are computed. At the very least, our work moti-
vates further research into locus-of-slack predictions for

cascaded processes or for other processes that do not as-
sume discrete stages. It should be noted that our data in
no way suggest a problem with the locus-of-slack logic
itself. Indeed, this logic is extremely robust and useful,
and we have no concerns with it at all. Our challenge is
that it may not be a suitable model for characterizing PRP
performance (as embodied in RSB theory), given that our
data suggest parallel operation of RS processes.

The Nature of the Bottleneck

Although our data suggest the parallel operation of
response-selection processes, for decades research with
the PRP paradigm using locus-of-slack methods has
shown remarkably consistent results, the large majority
of which point toward a bottleneck in RS (but see Logan
& Gordon, 2001; Meyer & Kieras, 1997a, 1997b; Navon
& Miller, 2002; Tombu & Jolicceur, 2003). Might our data
be accounted for within the current framework of RSB
theory, which assumes that RS is serial and discrete?

One approach to this question (frequently suggested to
the authors) concerns whether a single RS mechanism is
being influenced by both stimuli to produce these results,
or whether two separate mechanisms operating in par-
allel, RS1 and RS2, are necessary, with the momentary
output of RS2 influencing RS1. The former conception
has many variants, but the core model is as follows:! A
single RS mechanism exists and is employed to produce
a response for Task 1. S2 information is extracted and
processed via this mechanism along with S1. S2 affects
RT1 by speeding/slowing RS for S1 when it is congruent/
incongruent with the informational relationships between
S1 and R1. A more specific model might even specify
separate potential compatibility/priming effects for S2,
depending on (1) the relations between S1 and a target se-
mantic classification/retrieval, and (2) either the relations
between S1 and R1 or the semantic category of S1 and
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R1. Under any and all of these models, the effects of S2
on RT1 do not necessitate or imply the computation of R2.
The key issue in this family of models is that S2 can have
multiple effects, either via S2-S1 semantic effects, or via
more direct S2-R1 compatibility effects due to overlap of
stimulus and response sets of the two tasks, without hav-
ing to implicate a second independent RS mechanism.

With this said, we suggest that our data do at least ne-
cessitate a model that allows for the separate and inde-
pendent derivation of response information for two dif-
ferent tasks in parallel—that is, that S1 can be processed
to produce R1 information via Task 1 task set rules, with
S2 being processed in parallel to produce R2 information
via Task 2 task set rules. The key issue lies in the very
specific way we designed our tasks, which makes these
experiments crucially different and more revealing than
those of Hommel (1998), Lien and Proctor (2000), Logan
and Schulkind (2000), Logan and Delheimer (2001), and
Logan and Gordon (2001). Indeed, it is this very issue
that represents the true test of RSB theory’s discreteness
assumption. In our experiments with different tasks for
Tasks 1 and 2, R2, the correct motor response for S2 pro-
cessed under the Task 2 task set, was completely orthogo-
nal to the motor response generated if S2 was processed
under the Task 1 task set (i.e., if S2 information was used
to generate/influence R1).

Put another way, in our different-task-set conditions,
the relationships of S1 to R1 and S2 to R1 were both de-
termined by the Task 1 task set and were orthogonal to the
relationship of S2 to R2 (determined by the Task 2 task
set). As such, we were able to measure the effects of S2 on
R1 separately and independently from the effects of R2 on
R1. Thus, if we observed an effect of R2 on R1, we could
conclude that it was not due to the influence of S2 on R1.
The critical response compatibility measures we used in
our study specifically assessed the relationship between
R2 and R1. Finding consistent, systematic effects of R2 on
R1 in this experimental context strongly suggests that R2
information was indeed generated prior to the completion
of Task 1 RS. The only way to derive this R2 information
from the given stimuli and tasks was to transform S2 via
the Task 2 task set rules to generate R2 information. We
argue that the process of transforming a stimulus under its
own task set to generate response-related information is
indeed response selection, and that this process is occur-
ring for Task 2 in parallel with Task 1 to an extent suffi-
cient to generate adequate R2 information to prime Task 1
response selection.

Another alternative explanation for our results (also
often suggested to the authors) is that response-selection
processes are indeed discrete and serial, and that our data
instead reflect the priming of Task 1 response execution
from Task 2 RS. From our design, we cannot rule out
this possibility, although several factors suggest that this
explanation is less plausible than the others we suggest
here.

Coles, Gratton, Bashore, Eriksen, and Donchin (1985)
used a single-task flanker paradigm (Eriksen & Eriksen,
1974) and measured both electromyogram (EMG) and

dynamometer squeeze activity for manual responses to
assess the time course of human information processing.
They observed that when incorrect squeeze activity was
present, the time taken to execute the correct response was
increased, supporting a notion of response competition.
Within their analyses, they were able to separately assess
the influence of noise/compatibility (i.e., flanker) effects
on response-activation and response-execution processes.
If one identifies response execution with the interval be-
tween the onset of EMG activity and the detection of an
overt squeeze response, several pertinent findings may
be noted. First, Coles et al. demonstrated that the inter-
val between EMG onset and squeeze onset in the correct
response channel was longer for arrays with incompat-
ible flankers (67 msec) than for arrays with compatible
flankers (59 msec), when other response-activation fac-
tors were controlled for. Adjusting this difference through
weighting of condition means, they estimated a 12-msec
compatibility effect, separate from other, larger effects on
response-activation processes, that was essentially due to
the direct facilitation or priming of response-execution
processes from peripheral information.

Although these data suggest that priming of response-
execution processes from response-activation/-selection
processes is indeed possible, considering these data with
respect to the effects we have demonstrated suggests that
priming of Task 1 response execution from Task 2 RS infor-
mation is unlikely to account for our effects. First, the aver-
age effect size of 12 msec that Coles et al. (1985) observed
for the flanker compatibility effect of response execution is
quite small compared with the critical Task 2-to-Task 1 re-
sponse compatibility effects we demonstrated here, which
are in the range of 30—40 msec for our most stringently
controlled cases (the bivalent-response, different-task-set
conditions) and are several times this size in other condi-
tions. In addition, the 60- to 70-msec overall duration of
the response-execution process as assessed by Coles et al.
is in some cases shorter than the size of the compatibility
effects we observed in our data, again suggesting that our
effects cannot be well accounted for via priming of Task 1
response execution from Task 2 response selection.

A separate piece of evidence supporting our claim that
Task 2 response information influences Task 1 response
selection, not Task 1 response execution, is our finding of
the interaction between semantic- and response-related in-
formation. The fact that these factors interact suggests that
they operate at the same locus, rather than at sequential
loci. There is a range of evidence suggesting that semantic
effects operate in the evidence accumulation phase of re-
sponse selection (for example, see Logan, 1980; Hommel,
1998), and this account is consistent with various random-
walk accounts of response selection (for a discussion, see
Logan & Gordon, 2001). If this is the case, and if interac-
tions suggest that our semantic and response compatibility
effects have the same locus, then the influence of Task 2
response information we observed on Task 1 would seem
likely to reflect effects on Task 1 response-selection rather
than response-execution processes. It should also be noted
that a significant motivation for assuming a response ex-
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ecution priming account of these and similar data is to
preserve the discrete-stage processing assumption of RSB
theory. Though we cannot fundamentally disprove all po-
tential accounts of Task 2 response information influenc-
ing Task 1 response execution as the cause of our results,
we do suggest that an account including the priming of
Task 1 response selection from Task 2 response informa-
tion is a more plausible one.

Alternative Models of Dual-Task Performance

Given that we believe our evidence for the parallel oper-
ation of response-selection processes is substantial, what
now might be done to reconcile this view with overt be-
havior (the PRP effect itself being a case in point), which
consistently demonstrates large and persistent delays in
Task 2 processing, despite an apparent parallel flow of
information through the system for the two tasks? Several
authors have begun to consider these and related issues.

One suggestion is that, though RS processes of both
tasks may run in parallel, the amount of information de-
rived from the unattended task (initially Task 2) is quite
small relative to that from the attended task (initially
Task 1). While subjects perform Task 1, enough Task 2
processing occurs to generate sufficient R2 information
to influence R1 at short SOAs, but the majority of Task 2
RS is still incomplete when Task 1 RS finishes. As SOA
increases, RS processes of the two tasks overlap less, and
Task 2 RS is attended to earlier (relative to presentation of
S2), resulting in a quicker RT2 as SOA increases. This is
similar to the RSB conception, except with limited rather
than no RS processing for Task 2 during the “slack” pe-
riod. However, an important caveat here relates to both the
quantity and quality of Task 2 response information po-
tentially generated in parallel with Task 1 RS. If relatively
little R2 information were generated during Task 1 RS, or
if this Task 2 information were particularly error-full, it
could potentially influence Task 1 RS processes without
being useful in the subsequent computation of R2 once
Task 2 is attended. In such a situation, Task 2 RS would
be considered informationally and functionally discrete
from Task 1 RS, preserving the essential nature of the RS
bottleneck, despite evidence (such as our data here) of R2
information influencing R1 behavior.

Most recently, Navon and Miller (2002) and Tombu
and Jolicceur (2003) demonstrated that a resource model
can account for typical PRP effects, if one assumes an
asymmetric allocation of resources to the two tasks. They
suggested that such an assumption was quite reasonable,
given that the demand characteristics of PRP-like para-
digms themselves are inherently asymmetric. A more sub-
stantial departure from these views is embodied in Meyer
and Kieras’s (1997a, 1997b) EPIC model. This view sug-
gests that central capacity is essentially unlimited, and
that serial task performance in dual-task situations is stra-
tegic, because of subjects’ typical use of conservative or
cautious performance strategies. EPIC has been shown to
account for a substantial range of dual-task data, includ-
ing bottleneck-like PRP effects, with a parallel-processing
model.
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Logan and Gordon (2001) also considered the nature of
dual-task processing with their executive control theory of
visual attention (ECTVA) model and provided formal and
quantitative analyses of serial versus parallel performance
of same- and different-task-set PRP task pairs almost
identical to those in the experiments conducted here. The
core machinery of ECTVA combines Bundesen’s (1990)
theory of visual attention (TVA) with an exemplar-based
random-walk process (Nosofsky & Palmeri, 1997) to
model the accumulation of response-salient perceptual
information, modulated by task-specific biasing of salient
perceptual, response, and goal-based parameters. Logan
and Gordon’s simulations of PRP performance demon-
strated that TVA produced faster PRP performance when
run in series for the two tasks than when run in parallel.
This serial performance of tasks is strategic rather than
obligatory in ECTVA and is used to reduce interference
from information generated in parallel from the other task,
thus reducing the number of random-walk steps neces-
sary to reach criterion for a response (equivalent to an RT
measure). This is more reminiscent of Meyer and Kieras’s
(1997a, 1997b) EPIC model, with strategic serial behavior
to protect performance, as opposed to RSB’s obligatory
serial nature.

Logan and Gordon’s (2001) ECTVA model was used to
produce data to model several PRP experiments quite sim-
ilar to those conducted here. ECTVA was able to account
for the crosstalk effects observed in their subject data,
which were equivalent to the semantic crosstalk effects
demonstrated in our present experiments. Logan and Gor-
don did not assess the potential for their ECTVA model
to account for parallel response selection separately from
semantic crosstalk effects, and the modification of their
model to account for these data is beyond the scope of
this article. With this said, the processing architecture we
outline in Figure 1 and our data suggesting the necessity
for separate simultaneous RS processes suggest several
possibilities.

ECTVA’s preference for performing tasks in series rather
than in parallel is based upon simulations in which paral-
lel performance assumes equal attentional bias/processing
gain allocated to each task. The result is a substantial in-
crease in the number of random-walk steps required to
reach criterion (equivalent to RT) in parallel performance,
because of excessive interference via semantic crosstalk
from the concurrent task. If task performance were paral-
lel but substantially biased toward one task at a time (i.e.,
initially biased to Task 1 in our experimental design), per-
formance of that task could be protected from undue inter-
ference, yet information from the other task would also be
allowed to be present, as our new data suggest is the case.
Such a situation is not dissimilar to the biased parallel
model described above. The modification of ECTVA to
run as a biased parallel model would allow response infor-
mation to be generated in parallel under both Task 1 and
Task 2 task sets (although at quite different rates), making
R2 information available to influence the exemplar-based
random-walk process prior to the completion of R1 selec-
tion. Such a model would predict that response informa-
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tion must be sufficiently compatible at a response level to
contribute to the accumulation of response information in
the random-walk process. Our present data support this
prediction, since we observed response crosstalk effects
only when the same motor responses were used for both
tasks, not when corresponding motor responses in oppo-
site hands were used.

In modeling PRP performance, Logan and Gordon’s
(2001) ECTVA model takes an inherently parallel, cas-
caded processing architecture and runs it in serial order,
closely approximating the behavior of experimental sub-
jects. As we did in the discussion above, one might ask
whether key aspects of the model must necessarily operate
serially to approximate subjects’ behavior, or whether such
behavior can be achieved with less extreme assumptions.
One particular aspect that Logan and Gordon introduced to
ECTVA (discussed further in Logan & Delheimer, 2001)
was the concept of “flushing” the response-selection ma-
chinery between performing Task 1 and Task 2. Such flush-
ing was achieved by resetting the random-walk counters to
some fraction of their previous states, in order to prevent
perseveration of the just-selected response, R1, and enable
accurate selection of R2. In addition to protecting from
perseverative behavior resulting from persistent R1 infor-
mation influencing R2, such a flushing mechanism would
also prevent any R2 information that had accumulated
during Task 1 performance from influencing subsequent
Task 2 response selection.

In this context, an important question with regard
to our research is the extent to which this resetting of
response-selection processes occurs. If flushing is com-
plete (or close enough to it), response selection might be
considered to be discrete, in that none of the R2 informa-
tion accumulated during Task 1 performance would con-
tribute to response selection of Task 2. Such a conception
could potentially account for our present response cross-
talk evidence showing R2 information influencing R1 at
short SOAs, while maintaining informationally discrete
RS processes apparently compatible with RSB theory.

A key issue, however, is just how much flushing is nec-
essary to prevent response perseveration? Logan and Del-
heimer (2001) presented a discussion of this very issue,
based partly upon the degree to which Logan and Gordon’s
(2001) ECTVA model required flushing of random-walk
counter information to prevent response perseveration. By
default in ECTVA, flushing is not complete, with counters
reset to 10% of their final response-selection value after
R1 is selected, in preparation for accumulating evidence
to select R2. The degree of flushing necessary to prevent
response perseveration in ECTVA is much smaller than
the 90% figure used and is equivalent to the difference be-
tween counters being reset to a value slightly less than the
criterion value (Logan & Delheimer, 2001). This degree
of response flushing is substantially less than the complete
resetting of RS mechanisms discussed above and may not
be sufficient to make Task 1 and Task 2 RS processes
discrete. Given this, an equivalent experimental problem
might now become whether Task 2 performance can be
influenced by R2 information generated during Task 1
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performance, in comparison with our Task 2-to-Task 1
response priming investigations. It is not clear what the
former effect might look like, nor how one might differ-
entiate such an effect experimentally.

It should be emphasized that some degree of flushing is
necessary in Logan and Gordon’s (2001) ECTVA model
to prevent response perseveration, but the exact amount of
flushing can vary over quite a wide range (e.g., from 50%
to 99%). At any point in this range, reliable information
about R2 is available to influence R1, and after flushing,
a substantial amount of this initial R2 information is still
present to influence R2 selection. In contrast, there is no
reason to assume flushing in the RSB model except to find
a way of saving the discreteness assumption in the face of
evidence that R2 information is generated (or selected)
during R1 processing. Moreover, RSB theory requires a
specific amount of flushing—100%—to preserve the dis-
creteness assumption.

One final model of PRP performance that has garnered
interest of late is that proposed by Hommel (1998), which
has been subsequently considered and discussed by Lien
and Proctor (2002), among others. This model essentially
divides the response-selection stage of the canonical RSB
model (Pashler, 1984, 1994; Pashler & Johnston, 1998)
into two distinct and separate processes: an initial process
of response activation, which is characterized as fast and
relatively automatic and may operate for both tasks in par-
allel, and a later stage of final response selection, which is
characterized as slow, effortful, and obligatorily serial and
discrete, akin to the canonical response-selection stage
in Pashler’s RSB model. This new approach allows one
to account for data showing Task 1 RS being influenced
by R2 information, via crosstalk between simultaneously
active response-activation processes, while maintaining
the notion of a structural bottleneck in response selection
proper.

In considering Hommel’s (1998) model, it seems to us
that concessions made with regard to degrees of parallel-
ism in the computation of response information for the two
tasks may lead to one or more challenges of RSB theory’s
specific assumptions. As discussed above, considering
the issue of parallel versus discrete RS processes in in-
formational terms may be quite useful. If R2 information
generated in parallel with Task 1 RS does not contribute
significantly to the computation of the Task 2 response—
because the information is too error-full or too weak, or
because it is flushed from the system after Task 1 RS
finishes—then Task 2 RS essentially starts from scratch
after Task 1 RS is completed and may be considered to
be discrete and serial with regard to Task 1 RS, maintain-
ing the RS bottleneck. Hommel’s two-part response pro-
cess model does not make an issue of such informational
possibilities. Indeed, the model appears to suggest that
information about both R1 and R2 is generated in paral-
lel in the earlier response-activation stage, and that the
later serial final-response-selection stage provides further
processing and gating of this information. Considering
this model in informational terms as above, it seems clear
that information generated during response activation of
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Task 2 is used to compute the eventual response for that
task. That Task 2 response information generated during
Task 1 RS influences Task 2 RS suggests that the eventual
selection of responses for the two tasks is not discrete.
Such informational discreteness has been suggested as a
serious test for the more general family of PRP models
(discussed above) and proposed as a reasonable way to
preserve RSB theory in the face of R2-to-R1 compatibil-
ity data. Hommel’s model would appear to directly violate
the informational discreteness that has been suggested to
be a necessity of RSB theory, despite claims in that article
to preserve it.

This is a somewhat provocative argument, and one likely
reply might be that regardless of the informational theory
above, Hommel’s (1998) two-part response model still
embodies an obvious bottleneck in response selection (the
final-response-selection process), the particular process-
ing of which cannot begin for Task 2 until it is completed
for Task 1. We recognize this argument, most specifically
the issue of particular types of processing being unable to
proceed for both tasks in parallel (indeed, this is the very
definition of the bottieneck). Given this argument, how-
ever, we suggest that if one concedes the parallel operation
of response-activation processes that contribute directly
to the eventual computation of the responses for their re-
spective tasks, one is left with a final-response-selection
stage that has substantially less to do than in Pashler and
Johnston’s (1998) canonical RSB model.

From here, there are several forms of the argument,
some stronger than others. If one considers response selec-
tion in terms of exemplar-based random-walk or similar
processes (see, e.g., Nosofsky & Palmeri, 1997), there is
little distinction between the accumulation of information
and an eventual selection or decision process—response
selection per se is simply the point at which accrual of
information reaches threshold, at which point the selec-
tion process is complete. The information-accrual part of
the random-walk process, in many ways equivalent to the
response-activation phase of Hommel’s (1998) two-part
response model, takes a substantial amount of time to
complete, whereas crossing the threshold occurs essen-
tially instantaneously, at a single point in time. From this
viewpoint, the demonstration of simultaneous generation
of R2 and R1 information makes a strong case for the
parallel operation of response-selection processes of both
tasks in the PRP paradigm. As discussed above, Logan
and Gordon’s (2001) ECTVA model employs a variant
of this process in successfully modeling a number of as-
pects of PRP task performance in a fundamentally parallel
system.

To take a less extreme view, one is left with the question
of what the function of final response selection actually
is, if much of the work of accruing response-related in-
formation is already completed by response activation; in
essence, what processing is left for there to be a bottleneck
in? An obvious answer might involve the benefits of selec-
tive, controlled attention allocated to the RS processes of
the task being performed, with the attendant improvement
of performance such allocation typically affords. Indeed,
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we agree that this is likely a large component of what it
means to perform Hommel’s (1998) final response selec-
tion. In this guise of controlled attention, however, the lat-
ter process begins to resemble a somewhat more flexible,
functional, perhaps even redirectable and not necessarily
obligatory bottleneck—a significant and vital departure
from Pashler and Johnston’s (1998) RSB theory, which
declares a structural and fundamentally obligatory bot-
tleneck. We state these differences here in their most ex-
treme potential terms and do not suggest that such views
are implied by Hommel. However, we believe they make
an important point. The final-response-selection process
in Hommel’s model has substantially fewer processing
requirements to fulfill than does the response-selection
stage in Pashler and Johnston’s RSB theory, and com-
mensurately it has far fewer potential constraints on its
instantiation and behavior. As an illustration, one might
conceive of two tasks with a series of processes leading
in turn from perceptual analysis, to response activation, to
response execution, all running in parallel. A behavioral
bottleneck would be observed with a flexible, functional
controlled-attention process differentially attending to
and modulating the response-activation process of cach
task in turn. In most instances, this would be behaviorally
identical to Hommel’s model, although it is a significant
departure from Pashler’s RSB theory.

The Nature of Task Sets

The finding of parallel semantic-retrieval and response-
selection processes in different-task-set trials implies that
the task sets for two different tasks were simultaneously
instantiated and utilized to allow such performance. In
addition, substantial set-switching costs were observed
in different-task-set trials, as compared with same-task-
set trials, in Experiment 1 (112 msec and 237 msec for
Tasks 1 and 2, respectively). These findings raise a num-
ber of fundamental questions about the nature of task sets
themselves. Previous research has suggested that only a
single task set can be instantiated at one time (Sudevan
& Taylor, 1987) and that task sets must (by definition)
be reconfigured between tasks to allow the performance
of a different task (Allport, Styles, & Hsieh, 1994; Mei-
ran, 1996; Rogers & Monsell, 1995). Pashler (2000) has
previously suggested that two task sets may be activated
simultaneously, although from different types of data than
those presented here. One question here concerns the dis-
tinction between the possibility that two task sets are ac-
tively maintained in parallel and the idea that one task set
is actively maintained while another persists because ac-
tivation of the prior task has not yet decayed. Though the
latter possibility bears some resemblance to Allport et al.’s
task set inertia hypothesis, more recent research (e.g.,
Wylie & Allport, 2000) suggests that so-called “residual”
switch costs represent longer term effects of trial-by-trial
strengthening of specific S-R mappings, and not the ef-
fects of control processes. Our data do not directly favor
one conception or the other, although research pursuing
such questions may be possible using methods based on
those developed here.
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Conclusions

The data presented here demonstrate Task 2 response
information influencing the response-selection process
of Task 1 in a typical PRP paradigm, suggesting that
response-selection processes may operate in parallel for
both tasks of a dual-task pair. Such findings would be in-
consistent with the discrete-stage processing assumption of
the locus-of-slack logic, upon which RSB theory (Pashler,
1984, 1994; Pashler & Johnston, 1998) is based. The fram-
ing of these data in the two-stage response-selection model
of Hommel (1998), in which initial response activation is
parallel and subsequent final response selection is serial
and discrete between tasks, suggests a less constrained,
potentially more flexible notion of response selection,
which appears increasingly similar to the notion of a more
functional central bottleneck, grounded in the mechanisms
of selective attention. Whatever the fate of the particular
models discussed here, our data suggest that response-
selection processes for tasks in the PRP paradigm may
operate in a substantially more parallel fashion than the
canonical RSB theory proposes. Whether such data may
pose a direct challenge to RSB theory itself will likely
depend on subsequent investigations of informational dis-
creteness in Task 2 response selection—whether Task 2
response information generated during Task 1 response
selection may contribute to eventual computation of the
Task 2 response.
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