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Abstract
In dual-task situations, mutual interference phenomena are often observed. One particularly interesting example of such 
phenomena is that even Task 1 performance is improved if Task 2 requires a compatible (e.g., both responses are given 
on the left side) instead of an incompatible response (e.g., one response is given on the right side, and the other on the left 
side). This is called the compatibility-based backward crosstalk effect (BCE). In a previous paper, we observed support for 
a critical role of stimulus–response (S–R) links in causing this effect: The BCE was smaller when one of the two tasks was a 
free choice task. However, an alternative explanation for this observation is that free choice tasks lead to immediate conflict 
adaptation, thereby reducing the interference from the other task. In the present two experiments, we tested this explanation 
by varying the amount of conflict assumed to be induced by a free choice task either sequentially (Exp. 1) or block-wise (Exp. 
2). While we replicated a sequential modulation of the BCE with two forced choice tasks, we observed (1) no reduction of the 
BCE induced by (compatible) free choice trials nor (2) an effect of block-wise manipulations of the frequency of free choice 
trials on the size of the BCE. Thus, while the BCE is sensitive to sequential modulations induced by the (in)compatibility 
of two forced choice responses, which might point to conflict adaptation, the reduced BCE in dual-task situations involving 
a free choice task is likely due to its weaker S–R links.
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Introduction

Dual‑tasking and the backward crosstalk effect

When humans work on two tasks simultaneously, perfor-
mance in one or both tasks usually becomes worse. These 
dual-task costs can be influenced in various ways, depending 
on the tasks’ specific characteristics. In the case that charac-
teristics of Task 2 performance influence even performance 
in Task 1, this is called a backward crosstalk effect (BCE). 
The example we investigate here is based on spatial compat-
ibility between the responses required in both tasks: If both 
tasks require spatially compatible responses (e.g., a manual 
left button press in Task 1 followed by a left pedal button 
press or a “left” vocal response in Task 2), response times 
(RTs) in Task 1 are shorter in comparison with trials with 

spatially incompatible responses (e.g., a manual left button 
press followed by a right pedal button or a “right” vocal 
response). This is the compatibility-based BCE, which was 
first demonstrated by Hommel (1998; see also Ellenbogen 
and Meiran 2008, 2011; Giammarco et al. 2016; Hommel 
and Eglau 2002; Janczyk et al. 2014, 2018; Lien and Proctor 
2000; Renas et al. 2017; Watter and Logan 2006).

Such observations are difficult to reconcile with the 
broadly accepted central bottleneck theory of dual-tasking. 
This theory assumes that task processing comprises three 
stages: a pre-central perceptual stage, a central response 
selection stage, and a post-central motor stage. The cen-
tral response selection stage is conceived as the only stage 
incapable of parallel processing and interaction with other 
stages of its kind, hence the term bottleneck (Pashler 1984, 
1994). In other words, response selection in Task 2 can only 
start when response selection in Task 1 has finished and the 
bottleneck becomes again available. However, the existence 
of BCEs has challenged this idea. It was argued that some 
response selection-related processes in Task 2 must already 
be ongoing even during Task 1 response selection. Thus, 
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some authors argued to split the response selection stage into 
two stages: (1) a first stage of response activation, capable of 
being processed in parallel with other stages and interacting 
with them (and thus being the stage where the BCE results 
from) and (2) a bottleneck stage of (final) response selection 
(Hommel 1998; Hommel and Eglau 2002; Lien and Proctor 
2002). Recently, other authors have argued, however, that 
automatic Task 2 response activation directly affects Task 
1 response selection (Janczyk et al. 2018; Thomson et al. 
2015).

In most studies on the BCE, both component tasks were 
forced choice tasks, which means that for every presented 
stimulus exactly one response is considered correct. A dif-
ferent type of task is the free choice task, in which for one 
stimulus, two (or more) responses are considered equally 
valid (Berlyne 1957). Typically, these free choice tasks are 
accompanied by the instruction to try to respond with both 
responses about equally often and to avoid obvious pat-
terns in the responses. A typical observation is that RTs are 
longer in free choice tasks than in forced choice tasks. There 
are multiple explanations for this observation: Some have 
attributed it to different modes of sensorimotor integration 
(i.e., intention-based vs. stimulus-based actions; see Her-
wig et al. 2007). Others have ascribed this RT difference 
to implementation intentions (Gollwitzer 1999) that do not 
exist for free choice tasks, but only for forced choice tasks 
(Janczyk et al. 2015a). Implementation intention here means 
that participants form an “if–then” plan on how to achieve 
the goal in question. In the case of forced choice tasks, this 
may, for example, be “If I see a red stimulus, I press the left 
button.” Such plans are assumed to facilitate early percep-
tual processing for forced choice stimuli, resulting in the 
observed RT difference. Naefgen et al. (2017b) looked at 
the RT difference from a sequential sampling perspective. 
In such a framework, information is noisily accumulated 
at some speed over time until it reaches a threshold, which 
initiates giving a response. Within this framework, they 
manipulated the decision thresholds and provided evidence 
for longer phases in which no information is accumulated 
in free choice tasks when compared to forced choice tasks, 
which may be devoted to random generation in the free 
choice task (Naefgen and Janczyk 2018). Moreover, in line 
with these latter studies that attribute the RT difference to 
a process outside response selection, both free and forced 
choice tasks are similarly affected by dual-task interference 
(Janczyk et al. 2015b).

In a recent study, we compared the size of the BCE 
between conditions in which one of the two tasks was either 
a free choice task or a forced choice task (Naefgen et al. 
2017a). We assumed that free choice tasks entail weaker 
stimulus–response (S–R) links than forced choice tasks 
do. Even if in free choice tasks S–R links are formed, they 
would be less consistent and therefore weaker than in forced 

choice tasks. S–R links (or more precisely: automatic S–R 
translations occurring in Task 2) have been proposed as the 
mechanism leading to the BCE by various authors (Hommel 
1998; Hommel and Eglau 2002; Janczyk et al. 2018; Lien 
and Proctor 2002). The general observation in the study by 
Naefgen et al. was a smaller BCE when one of the tasks was 
a free choice task—a result that would be consistent with 
the assumption of weaker S–R links in the free choice task.

Cognitive conflict and control

Berlyne (1957) already conceptualized free choice tasks as 
response–response (R–R) conflict-laden tasks. Essentially, 
whenever a free choice stimulus is presented, the (two) 
response options compete with each other. In order to pro-
duce a response, some sort of conflict resolution needs to 
take place. This view suggests an alternative explanation for 
our earlier observation of a smaller BCE with free choice 
tasks as Task 1 (see also General Discussion in Naefgen 
et al. 2017a). In particular, the smaller BCE may in fact also 
result from conflict adaptation. In other words, encountering 
a free choice task may result in (cognitive) conflict which 
then leads to immediate processes of conflict adaptation 
which reduce the impact of Task 2 on Task 1 performance.

Botvinick et al.’s (2001) conflict-monitoring theory posits 
that cognitive control is determined by conflict monitoring 
and arises whenever conflict is detected. In particular, it sug-
gests that conflict arises and leads to increases in cognitive 
control mechanisms in conflict tasks (e.g., Stroop tasks), but 
also in underdetermined tasks (e.g., such as the free choice 
task investigated here; cf. Exp. 2 from Frith et al. 1991, who 
used a similar task and observed that it activates the anterior 
cingulate cortex, which Botvinick et al. identified as involved 
in cognitive control). These mechanisms can, for example, 
be an increased focus on task-relevant features (Botvinick 
et al. 2001) or a suppression of task-irrelevant information 
(Janczyk and Leuthold 2018; Stürmer and Leuthold 2003; 
Stürmer et al. 2002).

One particularly important effect in support of this the-
ory is the sequential modulation of the congruency effect 
observed in conflict tasks. For example, in the Eriksen 
flanker task (Eriksen and Eriksen 1974), a central stimulus 
is flanked by task-irrelevant stimuli that are either congru-
ent (i.e., they suggest the same response option as the cen-
tral stimulus) or incongruent (i.e., they suggest the other 
response option). Responses to congruently flanked stimuli 
are generally faster than responses to incongruently flanked 
stimuli (the congruency effect). Importantly, the size of this 
congruency effect depends on the congruency status of the 
preceding Trial n − 1 with larger congruency effects follow-
ing congruent than following incongruent Trials n − 1; a 
sequential modulation sometimes referred to as the Gratton 
effect (Gratton et al. 1992). Similar results are also obtained 
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for other conflict tasks (Simon task: Akçay and Hazeltine 
2007; Dignath et al. 2017; Stroop: Mayr and Awh 2009; 
Notebaert et al. 2006) and also occur for the BCE which is 
only observed following compatible Trials n − 1 (Janczyk 
2016; Renas et al. 2017; Scherbaum et al. 2015; see also 
Schuch et al. 2018). Importantly for the present purposes, 
it has been shown that adaptation to cognitive conflict can 
happen even within the course of one trial (Goschke and 
Dreisbach 2008; Scherbaum et al. 2011). Thus, it is in fact 
possible that R–R conflict occurring upon encountering a 
free choice task (Berlyne 1957) could have affected the size 
of the BCE by way of immediate conflict adaptation in our 
previous experiments (Naefgen et al. 2017a). For an illustra-
tion of how different kinds of conflict (could) affect the size 
of the BCE, see Fig. 1.

With the present study we aim to address (and rule out) 
this alternative explanation. To this end, we manipulated the 
level of conflict in two BCE experiments. In Experiment 1, 
we manipulated the degree of conflict in a previous dual-
task trial, that is, in Trial n − 1, and focused on the size of 
the following BCE. In Experiment 2, we manipulated the 
conflict-level block-wise, by varying the proportion of trials 
in which the first task was a free choice task.

Experiment 1

Experiment 1 employed a standard BCE paradigm with the 
simultaneous onset of two stimuli (the color and the identity 
of a letter, see Fig. 2 for an illustration). Task 1 responses 

were manual left/right key presses, and Task 2 responses 
were left/right foot pedal presses. Unbeknown to the par-
ticipants, trials were presented in pairs of a prime and a test 
trial. We systematically manipulated the type of Task 1 in 
the prime trials (free vs. forced choice) and, in case of forced 
choice Task 1s (50% of the prime trials, 100% of the test tri-
als), the compatibility relation between both responses. Half 
of the forced choice prime trials preceding each compatible 
and incompatible test trial were compatible; the other half 
was incompatible. This experimental setup produced data 
that are similar in nature to Experiment 1 from Naefgen et al. 
(2017a). However, presenting the trials in pairs allowed us 
to achieve roughly equal numbers of trials in the relevant 
design cells. (Note that for free choice tasks some variance 
between participants regarding the proportions of compat-
ible and incompatible trials is to be expected.) The critical 
analyses focused on the size of the BCE in test trials as a 
function of the nature of the prime trial. The first prediction 
concerns trials where Task 1 in the prime trial was a forced 
choice task. Here, we expect to replicate the observation 
of Janczyk (2016) that the BCE is smaller or absent fol-
lowing incompatible trials and large following compatible 
trials. The critical comparison is the one between these lat-
ter trials and trials where Task 1 in the prime trial was a 
free choice task and participants responded in a compatible 
way. If the free choice task in fact induces cognitive conflict 
that leads to initiation of adaptation processes, we expect a 
smaller BCE after compatible free choice prime trials than 
after compatible forced choice prime trials. If, however, 
differences in the strength of S–R links are important, the 

Fig. 1   Illustration of possible 
different kinds of conflicts in the 
backward crosstalk paradigm. 
In the first row a, conflict arises 
from incompatible Task 1 and 
Task 2 responses. In the second 
row b, conflict arises from the 
free choice Task 1 (indicated 
by the double-headed arrow). 
In the third row c, no conflict 
is present. In cases where 
conflict occurred in Trial n − 1, 
a smaller BCE is expected in 
Trial n than when there was no 
conflict present in Trial n − 1
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size of the BCE in the test trial is expected similar in test 
trials following compatible forced choice and compatible 
free choice prime trials. As there were no predictions con-
cerning trials where the prime trials were a free choice and 
participants responded in an incompatible way, these trials 
were not included in the main analyses reported here. How-
ever, analyses of the full 2 × 2 × 2 design are provided in the 
Appendix for completeness.

Methods

Participants

Thirty-six people from the Tübingen area participated (mean 
age = 22 years, 31 female) for course credit or monetary 
compensation. All participants reported normal or cor-
rected-to-normal vision, were naïve regarding the underly-
ing hypotheses, and provided written informed consent prior 
to data collection.

Data from participants who favored a left manual 
response in ≤ 15% or ≥ 85% of the free choice prime trials 
or whose Task 1 free choice prime trial response were ≤ 15% 
compatible or ≥ 85% compatible with Task 2 response were 
discarded and replaced with data from new participants 
(n = 11).

Apparatus and stimuli

Stimulus presentation and response collection were con-
trolled by a PC connected to a 17-inch CRT monitor. Stimuli 
were colored letters, that is, the letters ‘X’ and ‘S’ presented 
in red, green, or blue color. In particular, Task 1 stimuli (S1) 
were the respective colors, and Task 2 stimuli (S2) were 

the letter identities. Stimuli were presented against a black 
background. Manual responses in Task 1 (R1) were collected 
with two custom-built response keys placed on a table to 
the left and right of the participants. Foot pedal responses 
in Task 2 (R2) were given on response keys placed under 
the left and right foot of the participants in a position that 
allowed them to sit in a comfortable position.

Tasks and procedure

Task 1 was either to give a predefined R1 in response to two 
of the possible colors (forced choice task) or to freely choose 
one of the possible responses in response to the third color 
(free choice task). Task 2 was to give R2 in response to the 
letter identity. (Thus, Task 2 was always forced choice.) A 
trial began with the presentation of a small fixation cross 
(250 ms), followed by a blank screen (250 ms) and the letter 
stimulus onset. The stimulus remained on screen until both 
responses were made. A trial was canceled if no response 
was given within 2500 ms after stimulus onset. General 
errors (no response, response too early, wrong response 
order) and erroneous responses in one or both tasks were fed 
back (1000 ms), and the next trial started after an inter-trial 
interval (ITI) of 1000 ms. Trials were (without the partici-
pants’ knowledge) presented in pairs, with the first trial in 
each pair being the prime and the second being the test trial. 
In half of the prime trials, Task 1 was a free choice task, in 
the other half a forced choice task. In test trials, Task 1 was 
always forced choice.

Following ten randomly drawn practice trial pairs (not 
analyzed), nine blocks of 32 trial pairs each were adminis-
tered; the first two of these blocks were excluded from the 
analyses as practice. The 32 trial pairs per block represent 

Fig. 2   Illustration of a pair of trials in Experiment 1. The red S is the 
prime trial stimulus, and the blue X is the test trial stimulus. In this 
exemplary stimulus mapping, a red stimulus instructs the participant 
to give a right manual response (prime trial Task 1) and an S stimulus 
instructs the participants to give a right pedal response (prime trial 
Task 2). A blue stimulus on the other hand instructs a left response 
(test trial Task 1) and an X stimulus instructs a left pedal response 

(test trial Task 2). Therefore, this example illustrates a compatible 
forced choice test trial (as both responses are on the left side) follow-
ing a compatible forced choice prime trial (as both responses are on 
the right side). Note that in Experiment 2 the general procedure was 
the same, but there was no distinction between prime trials and test 
trials
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the combination of the different stimuli that can occur in 
the prime and the test trial, with the number of free choice 
stimulus appearances doubled to allow for both left and 
right responses: 4 (Prime S1: free choice, free choice, forced 
choice left, and forced choice right) × 2 (Prime S2: forced 
choice left and right) × 2 (Test S1: forced choice left and 
right) × 2 (Test S2: forced choice left and right). These trial 
pairs were presented in a random order.

Participants were tested individually in one single session 
of about 45 min. Written instructions emphasized speed and 
accuracy and, for the free choice trials, an even distribution 
of left and right responses as well as avoiding patterns to 
maintain this distribution. Participants were also instructed 
to always give first R1 and then R2. The mappings of stimuli 
to tasks/responses were counterbalanced across participants.

Design and analyses

Only test trials following entirely correct prime trials were 
considered for analyses. A trial was considered compatible 
when both R1 and R2 were given on the same side; other-
wise, a trial was incompatible.

Test trials with general errors were excluded first (wrong 
response, no response, response too early, wrong response 
order). Further, to control for possible response grouping 
(e.g., Miller and Ulrich 2008; Ulrich and Miller 2008), only 
trials were analyzed where both responses were separated by 
an inter-response interval (IRI) of at least 50 ms (excluding 
1.2% of trials; using IRIs of 100 ms and 150 ms changed 
none of the significance patterns). For RT analyses, we 
considered only test trials in which both R1 and R2 were 
correct, and trials were further excluded as outliers if RTs 
deviated more than 2.5 SDs from the respective cell mean 
(calculated separately for each participant).

The two independent variables of interest were: (1) 
R1–R2 compatibility in the test trial (compatible vs. incom-
patible) and (2) the conflict level in the prime trial (forced 
choice incompatible vs. forced choice compatible vs. free 
choice compatible). RT and error data were analyzed with 
two orthogonal Helmert contrasts on the variable conflict 
level and their interaction with the variable compatibility 
in the test trial. For the latter we expected a main effect. 
Contrast 1 coded incompatible forced choice primes against 
the other two levels, and we expected an interaction of this 
contrast with test trial compatibility (revealing the sequential 
modulation observed, e.g., in Janczyk 2016). Contrast 2 then 
coded compatible forced choice primes against compatible 
free choice primes. If the free choice prime induced some 
sort of conflict adaption, this should yield a decreased BCE 
in the test trial and thus an interaction of this contrast with 
test trial compatibility. Both RTs and percentages of errors 
(PEs) in Task 1 were analyzed with this approach. Task 2 
results are provided in the Appendix.

Lastly, analyzing the proportion of compatible (Task 1) 
response choices in prime trials involving a free choice task, 
gave the opportunity to replicate the observations in Naef-
gen et al. (2017a, Experiments 1 and 2) that the choice in 
a free choice task is influenced by the response required in 
a subsequent forced choice task. In particular, participants’ 
choices were biased toward choosing a compatible response.

Results and discussion

In the free choice tasks, participants chose the left key on 
average 43.8% of the time (range 18.0–80.7%), which is 
significantly different from 50%, t(35) = − 2.25, p = .031, 
d = − .53.

Mean correct RTs in Task 1 (2.14% excluded as outli-
ers) are visualized in Fig. 3 and are summarized in Table 1. 
Responses were faster in compatible trials than in incompat-
ible trials, t(35) = 6.47, p < .001, showing an overall BCE. 
Both contrasts were significant, Contrast 1: t(35) = 5.50, 
p < .001; Contrast 2: t(35) = 7.60, p < .001. Most impor-
tantly, Contrast 1 interacted with compatibility in the test 
trial, t(35) = 10.66, p < .001, whereas Contrast 2 did not, 
t(35) = 0.99, p = .328.

Paired t-tests indicated significant BCEs for trials pre-
ceded by compatible free choice trials (129 ms), t(35) = 7.24, 
p < .001, d = 1.71, as well as preceded by compatible forced 
choice trials (146 ms), t(35) = 10.59, p < .001, d = 2.50. 
When preceded by incompatible forced choice trials, the 
BCE was reversed (− 59  ms), t(35) = − 3.96, p < .001, 
d = − .93.

Mean PEs are summarized in Table 1. The compatibility 
in the test trial, t(35) = 5.28, p < .001, had a significant influ-
ence on the PEs with—overall—fewer errors in compatible 
compared with incompatible trials. As in the RT analyses, 
Contrast 1, t(35) = 4.66, p < .001, Contrast 2, t(35) = 4.28, 
p < .001, and the interaction of Contrast 1 with compatibil-
ity in the test trial, t(35) = 5.47, p < .001, were significant. 
The interaction of Contrast 2 and compatibility was not 
significant, t(35) = 0.03, p = .974. Paired t-tests indicated 
significant differences in PEs between compatible and 
incompatible test trials when preceded by compatible free 
choice primes, t(35) = 5.57, p < .001, d = 1.31, and compat-
ible forced choices primes, t(35) = 6.13, p < .001, d = 1.45, 
but not for trials preceded by incompatible forced choice 
primes, t(35) = − 0.97, p = .339, d = − .23.

The last analysis focused on prime trials involving a free 
choice Task 1 (2.86% outliers). In these trials, participants 
chose the same response location as required in Task 2, thus 
a compatible choice, in 58.9% of trials. This value is signifi-
cantly different from 50%, t(35) = 4.72, p < .001, d = 1.11.

In sum, this experiment yields two main results. First, 
we replicated the smaller (or even inversed) BCE follow-
ing incompatible trials (Janczyk 2016), thus a sequential 
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modulation revealing conflict adaptations. Second, however, 
the BCE in the test trial was not smaller following a compat-
ible free choice than following a compatible forced choice 
prime trial. Such a reduction would have been predicted 
if the smaller BCEs with free choice tasks (Naefgen et al. 
2017a) were due to (immediate) conflict adaptations trig-
gered by the free choice task. Thus, from Experiment 1 we 
tentatively conclude that the diminished BCE observed with 
free choice tasks in Naefgen et al. did not arise from immedi-
ate conflict adaptation processes triggered upon encounter-
ing a free choice task. Experiment 2 further investigates this 
with a different approach.

The choice results for the free choices in prime trials rep-
licate the observations reported in Naefgen et al. (2017a) 
that the choice in a free choice task is biased by a subsequent 
Task 2 forced choice response toward a compatible response. 
This lends additional credibility to the idea discussed there 

that free choice task choices are biased both by preceding 
primes (see also Kiesel et al. 2006 and Mattler and Palmer 
2012) but also by subsequent ‘primes’ such as the forced 
choice Task 2 in the present study.

Experiment 2

In addition to the congruency status of the immedi-
ately preceding trial, the proportion of congruent trials 
modulates the size of congruency effects which become 
larger with an increasing proportion of congruent trials 
in a block. This observation is called the list-wide pro-
portion congruency (LWPC) effect (Gratton et al. 1992; 
for a review, see Bugg and Crump 2012). A variant of 
this effect is the context-specific proportion congruency 
(CSPC) effect (Crump et al. 2006), where the proportion 

Fig. 3   Mean correct response times from Task 1 (RT1) of Experi-
ments 1 and 2 as a function of prime trial conflict type (Experiment 
1) and percentage of free choice trials in a block (Experiment 2) and 
R1–R2 compatibility. Error bars are 95% within-subject confidence 

intervals calculated separately for each prime trial conflict type in 
Experiment 1 and separately for each percentage level of free choice 
trials in a block in Experiment 2 (see Pfister and Janczyk 2013)

Table 1   Mean correct response 
times (RT1) in milliseconds 
and percentages of errors (PE1) 
from Task 1 of Experiment 1 as 
a function of prime trial conflict 
type and R1–R2 compatibility 
in the test trial

The BCE (backward crosstalk effect) row reports the difference between the mean of the compatible and 
incompatible trials

R1–R2 compatibility Prime trial conflict type

Forced choice incompat-
ible

Forced choice compatible Free choice com-
patible

RT1 PE1 RT1 PE1 RT1 PE1

Incompatible 563 3.7 676 11.3 744 15.2
Compatible 622 5.4 530 1.2 615 5.2
BCE − 59 − 1.7 146 10.1 129 10.0
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of congruent trials is manipulated as a function of context 
(e.g., location), while the overall proportion of congruent 
and incongruent trials is 50% each. Fischer et al. (2014) 
reported that the BCE indeed is sensitive to CSPC manipu-
lations (see also Fischer and Dreisbach 2015, who used 
Task 1 stimuli that conveyed information about the stimu-
lus onset asynchrony and reported a reduced BCE when 
Task 1 predicted a short SOA). Assuming that the reduced 
impact of incompatible information under conditions with 
high proportions of incongruent information is due to an 
adaptation of how much ‘irrelevant’ information (as this 
is in part determined by how irrelevant the information 
actually is) is used (see Botvinick et al. 2001; Schmidt 
2013), a similar adaptation to varying proportions of free 
choice trials should be observed if free choice tasks also 
induce (R–R) conflict.

Experiment 2 therefore employed the same BCE para-
digm as Experiment 1 with the following differences: Tri-
als were no longer presented in pairs. The critical variables 
manipulated were the proportion of free choice trials in 
a block (75% vs. 50% vs. or 25%) and the compatibility 
of R1 and R2. Over the course of a block, participants 
should adapt to the proportion of free choice trials they 
are confronted with. In particular, a higher percentage 
of free choice trials should lead to higher perceived con-
flict, which in turn should strengthen conflict adapta-
tion. In other words, if the reduced BCE in Naefgen et al. 
(2017a) was indeed due to R–R conflict-induced conflict 
adaptation, higher percentages of free choice trials in a 
block should lead to adaptation to this conflict and thus to 
smaller BCEs in the trials where both Tasks 1 and 2 were 
forced choice of the same block.

Methods

Participants

Thirty-six people from the Tübingen area participated (mean 
age = 23 years, 27 female) for course credit or monetary 
compensation. All participants reported normal or cor-
rected-to-normal vision, were naïve regarding the underly-
ing hypotheses, and provided written informed consent prior 
to data collection.

Data from participants who favored a left manual 
response in ≤ 15% or ≥ 85% of the free choice trials were 
discarded and replaced with data from new participants 
(n = 5).

Apparatus and stimuli

The apparatus and stimuli were the same as in Experiment 1.

Tasks and procedure

The general procedure was the same as in Experiment 1 
except that trials were not presented in pairs. Again, only 
Task 1 could be free choice. After a practice block of ten 
trials (excluded from the analysis), three sets of six blocks 
of 32 trials were presented. Each set of six blocks comprised 
one of the levels of the free choice frequency manipulation 
in Task 1 (25% [or 8 per block] vs. 50% [or 16 per block] vs. 
75% [or 24 per block]). The order of the three sets of blocks 
was counterbalanced across participants and trials within 
each block appeared in a randomized order. The 32 trials in 
each block result from the combination of even numbers of 
the types of forced choice trials and the respective percent-
age of free choice trials.

Participants were tested individually in one single session 
of about 45 min. Written instructions emphasized speed and 
accuracy and, for the free choice trials, an even distribution 
of left and right responses as well as avoiding patterns to 
maintain this distribution. Participants were also instructed 
to always give first R1 and then R2. The mappings of stimuli 
to tasks/responses were counterbalanced across participants.

Design and analyses

Only trials where both Task 1 and Task 2 were forced choice 
tasks were considered for the main analyses.

Two independent variables were varied within partici-
pants: (1) R1–R2 compatibility (compatible vs. incompat-
ible; for forced choice Task 1 trials this could be manipu-
lated by the experimenters) and (2) the amount of free choice 
Task 1 trials in the block (25% vs. 50% vs. 75%). Accord-
ingly, RTs and PEs from Task 1 were mainly analyzed in 
terms of a 2 × 3 ANOVA. Trials with general errors were 
excluded first (wrong response, no response, response too 
early, wrong response order). Again, only trials were ana-
lyzed where both responses were separated by an IRI of at 
least 50 ms (excluding 1.4% of trials; using IRIs of 100 ms 
and 150 ms changed none of the significance patterns). For 
RT analyses, only trials in which both R1 and R2 were cor-
rect were considered, and trials were excluded as outliers 
if RTs deviated more than 2.5 SDs from the respective cell 
mean (calculated separately for each participant). When the 
assumption of sphericity was violated, Greenhouse–Geisser 
corrections were applied and the respective ε is reported. 
Results for Task 2 are reported in the Appendix.

In addition, the 50% free choice blocks offered an oppor-
tunity to replicate the results from Naefgen et al. (2017a), 
where we observed a smaller BCE when T1 was a free 
choice task. Accordingly, a 2 × 2 ANOVA with compatibility 
and task type as repeated measures was performed on RT1 
for data from these blocks. As there cannot be errors in a free 
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choice task, PEs in Task 1 were analyzed with a paired t-test 
for Task 1 forced choice trials.

As in Experiment 1, we again took the opportunity to 
replicate the observations reported in Naefgen et al. (2017a) 
that the choice in a free choice task is influenced by the 
required response in a subsequent forced choice task.

Results and discussion

In the free choice tasks, participants chose the left key on 
average 45.6% of the time (range 20.2–80.7%), which is 
significantly different from 50%, t(35) = − 2.12, p = .041, 
d = − .50.

Mean correct RT1s (2.43% excluded as outliers) are 
visualized in Fig. 3 (right panel) and are summarized in 
Table 2. Responses were faster in compatible trials than in 
incompatible trials, F(1,35) = 38.94, p < .001, ηp

2 = .53, show-
ing an overall BCE. There also was a significant effect of 
the amount of free choice tasks in a block, F(2,70) = 7.92, 
p = .001, ηp

2 = .18 with more free choice tasks in a block lead-
ing to slower responses. Most importantly, there was no sig-
nificant interaction between compatibility and the amount of 
free choices, F(2,70) = 0.17, p = .802, ηp

2 < .01, ε = .83.
Mean PE1s are summarized in Table 2. Compatibility had 

a significant effect on PE1s with fewer errors in compatible 
trials, F(1,35) = 23.03, p < .001, ηp

2 = .40. The main effect of 
the amount of free choices, F(2,70) = 1.14, p = .319, ηp

2 = .03, 
ε = .84, as well as the interaction, F(2,70) = 0.14, p = .830, 
ηp

2 < .01, ε = .84, were not significant.
For the additional analysis on free choice trials 

(as done by Naefgen et al. 2017a), mean correct RT1s 
(2.50% excluded as outliers) are summarized in Table 3. 
Responses were faster in compatible trials than in incom-
patible trials, F(1,35) = 20.48, p < .001, ηp

2 = .37, showing 
an overall BCE. RT1s  in trials with free choices were 
shorter than in trials with forced choices, F(1,35) = 38.54, 
p < .001, ηp

2 = .52. In addition, there was a significant 
interaction between these two factors, F(1,35) = 11.85, 
p = .002, ηp

2 = .25, with a smaller BCE in trials with free 
choices. Paired t-tests indicated that there was only a 
significant BCE for trials with a forced choice Task 1, 
t(35) = 5.83, p < .001, d = 1.37, but not for trials with a free 

choice Task 1, t(35) = 1.21, p = .235, d = .28. Fewer errors 
were made in compatible than in incompatible trials (see 
Table 3), t(35) = 4.07, p < .001, d = 0.96.

When analyzing data from the trials involving a free 
choice Task 1 (2.50% outliers), participants chose the 
same response location as in Task 2, thus a compatible 
choice, in 59.9% of Task 1 free choice trials. This value 
is significantly different from 50%, t(35) = 5.23, p < .001, 
d = 1.23. Thus, we could again replicate the respective 
observations reported in Naefgen et al. (2017a).

In summary, the nonsignificant interaction in the main 
analysis suggests that the BCE was of the same size irre-
spective of the amount of free choice trials in a block. In 
other words, a decreasing size of the BCE with increas-
ing proportions of free choice trials (as predicted from 
a conflict adaptation account) was not observed. This 
result further supports the conclusion from Experiment 
1. Furthermore, we replicated results reported by Naef-
gen et al. (2017a) with regard to the reduced BCE when 
Task 1 is a free choice trial as well as the influence of the 
forced choice Task 2 on the actual choice that is made in 
the free choice task. Interestingly, free choice RTs were 
also shorter than forced choice RTs. This has also been 
observed in our previous study as well as in other dual-
task studies (e.g., Wirth et al. 2018). Note, however, that 
the opposite was true in the dual-task study by Janczyk 
et al. (2015).

Table 2   Mean correct response 
times (RT1) in milliseconds 
and percentages of errors (PE1) 
from Task 1 of Experiment 2 
as a function of block type and 
R1–R2 compatibility

The BCE (backward crosstalk effect) row reports the difference between the mean of the compatible and 
incompatible trials

R1–R2 compatibility Block type

25% free choices 50% free choices 75% free choices

RT1 PE1 RT1 PE1 RT1 PE1

Incompatible 708 11.3 742 12.4 786 13.2
Compatible 630 4.3 664 4.7 699 5.3
BCE 78 7.0 78 7.7 87 7.9

Table 3   Mean correct response times (RT1) in milliseconds and 
percentages of errors (PE1) from Task 1 of Experiment 2 (50% free 
choices block) as a function of task type and R1–R2 compatibility

The BCE (backward crosstalk effect) row reports the difference 
between the mean of the compatible and incompatible trials

R1–R2 compatibility Task type

Free choice Forced choice

RT1 RT1 PE1

Incompatible 624 742 12.4
Compatible 607 665 4.7
BCE 17 77 7.7
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General discussion

The present study aimed at testing an alternative explanation 
for our recent observation that the compatibility-based BCE 
in dual-tasking is smaller when Task 1 is a free choice task 
(Naefgen et al. 2017a). We attributed this result to weaker 
S–R links in free compared with forced choice tasks, but 
suspected that it may alternatively result from immediate 
conflict adaptation when participants encountered a free 
choice Task 1. In two experiments, we examined the size 
of the BCE depending on the conflict level of the preceding 
trial (Experiment 1) or the amount of free choice Task 1 tri-
als in a block (Experiment 2). If the alternative explanation 
were true, we expected smaller BCEs in cases with larger 
potential conflict.

Summary of results

In both experiments, we first replicated the standard R1–R2 
compatibility-based BCE (e.g., Hommel 1998; Janczyk 
et al. 2018). Second, in Experiment 1 we also replicated 
the results reported in Janczyk (2016) that the BCE is 
large in trials following compatible trials and small/absent 
or even reversed following an incompatible forced choice 
trial. Third, we were also able to replicate the observation 
reported in Naefgen et al. (2017a) that the BCE was smaller 
in free choice Task 1 RTs, but that the actual choices were 
biased into a compatible direction by the forced choice Task 
2 (Experiments 1 and 2). Most importantly, however, we 
observed no difference in the size of the BCE for trials fol-
lowing compatible free choice and compatible forced choice 
trials (Experiment 1), and the proportion of free choice trials 
in a block did not affect the size of the BCE (Experiment 2).

Limitations and theoretical implications

Overall, our results replicated critical aspects of the Naefgen 
et al. (2017a) study and they offer support for our original 
conclusion: The smaller BCE in dual-task trials with one 
of the tasks being a free choice task is likely due to weaker 
S–R links in this kind of task, rather than by an immediate 
conflict adaptation upon encountering a free choice trial.

One might object that we did not test for rapid within-trial 
conflict adaptation in Experiment 1 as described by Scherbaum 
et al. (2011). Perhaps, conflict adaptation occurs very rapidly 
and all consequences vanish immediately after the trial. This, 
however, is implausible as an explanation for the lack of con-
flict adaptation. While rapid conflict adaptation effects were 
reported for BCE tasks from mouse tracking experiments, 
nonetheless a sequential modulation of the BCE in the sub-
sequent trial occurred (Scherbaum et al. 2015). A potential 

objection to the reasoning behind Experiment 2 is that thus 
far LWPC effects have not been reported in the context of the 
BCE. However, Fischer et al. (2014) reported a CSPC modula-
tion of the BCE, arguably even stronger evidence for its sus-
ceptibility to LWPC-like manipulations.

The fact that we did not observe any hint of conflict adap-
tation induced by R–R conflict inherent in free choice tasks 
has theoretical implications. It is of course possible that free 
choice tasks do not create R–R conflict as originally assumed 
by Berlyne (1957). In this case, of course, no conflict adapta-
tion (e.g., in the form of sequential modulations) should occur.

Alternatively, it is possible that free choice tasks elicit 
R–R conflict and also conflict adaptation but that this conflict 
adaptation does not generalize to other tasks. This is plausible, 
because for standard conflict tasks a generalization of conflict 
adaptation from one task to another (e.g., from a flanker to a 
Stroop task) does not always occur (see Braem et al. 2014, 
for a review). Further, one may conceive BCE trials with a 
free choice Task 1 as ones instantiating a different context 
than those with a forced choice Task 1. If this were true, a 
sequence with a prime trial that entailed a free choice Task 1 
would mean a change of context to the test trial. Indeed, there 
is some evidence that sequential modulations (within dual-
task settings) seem to depend on repetitions of task contexts 
(Fischer et al. 2010).

Conclusion

We investigated an alternative explanation to reduced S–R 
links for diminished BCEs in dual-task trials involving a free 
choice trial (Naefgen et al. 2017a). However, we observed no 
evidence supporting the idea that conflict adaptation induced 
by free choice tasks led to these smaller BCEs.

Funding  This research was supported by the Deutsche Forschungsge-
meinschaft (DFG; German Research Foundation), Grant JA 2307/1-2 
awarded to Markus Janczyk. Work of MJ is further supported by the 
Institutional Strategy of the University of Tübingen (DFG ZUK 63).

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards.

Appendix

This Appendix reports the analyses of Task 2 performance 
in Experiments 1 and 2 (“Experiment 1: Task 2 results” 
and “Experiment 2: Task 2 results” sections) and the full 
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analyses of the 2 × 2 × 2 design employed in Experiment 
1 (“Experiment 1, full design: Task 1 results” section for 
Task 1 performance and “Experiment 1, full design: Task 2 
results” section for Task 2 performance).

Experiment 1: Task 2 results

Mean correct RT2s (2.61% excluded as outliers) are sum-
marized in Table 4. Responses were faster in compatible 
trials than in incompatible trials, t(35) = 6.05, p < .001, 
showing an overall forward crosstalk effect (FCE). Con-
trast 1 was significant, t(35) = 4.30, p < .001, as was Con-
trast 2, t(35) = 6.07, p < .001. Contrast 1 interacted with 
compatibility, t(35) = 11.61, p < .001, and so did Contrast 
2, t(35) = 2.13, p = .040. The latter indicates a reduced FCE 
following compatible free (vs. compatible forced) choice 
Task 1 trials.

Paired t-tests indicated significant FCEs for trials fol-
lowing compatible free choice prime trials, t(35) = 7.14, 
p < .001, d = 1.68, as well as compatible forced choice prime 
trials, t(35) = 10.38, p < .001, d = 2.45. Following incom-
patible forced choice prime trials, the FCE was reversed, 
t(35) = − 3.72, p = .001, d = − .88.

Mean PE2s are summarized in Table 4. The compat-
ibility in the test trial, t(35) = 3.33, p = .002, had a sig-
nificant influence on  PE2s. Furthermore, Contrast 1 was 
significant, t(35) = 3.84, p < .001, while Contrast 2 was 
not, t(35) = 0.73, p = .469. Contrast 1 interacted with com-
patibility, t(35) = 6.30, p < .001, while Contrast 2 did not 
t(35) = 0.64, p = .523. For the differences in PE2s between 

compatible and incompatible trials, paired t-tests indicated 
significant differences for trials following compatible free, 
t(35) = 4.13, p < .001, d = 0.97, and forced choice prime tri-
als, t(35) = 5.41, p < .001, d = 1.27, as well as, in the other 
direction, those following incompatible forced choice prime 
trials, t(35) = − 3.35, p = .002, d = − 0.79.

Experiment 2: Task 2 results

Mean Task 2 RT2s (2.18% excluded as outliers) are 
summarized in Table  5. There was a significant FCE, 
F(1,35) = 38.59, p < .001, ηp

2 = .97, as well as a significant 
effect of the block type, F(2,70) = 7.94, p = .001, ηp

2 = .18, but 
no significant interaction, F(2,70) = 0.46, p = .630, ηp

2 = .01. 
Paired t-tests indicated significant FCEs for all block types, 
25% free choices, t(35) = 5.99, p < .001, d = 1.41; 50% 
free choices, t(35) = 5.34, p < .001, d = 1.26; and 75% free 
choices, t(35) = 4.20, p < .001, d = 0.99.

Mean PE2s are summarized in Table 5. The compatibil-
ity in the test trial had a significant effect on PE2 s with 
fewer errors in compatible trials, F(1,35) = 10.53, p = .003, 
ηp

2 = .23. Neither the block type, F(2,70) = .01, p = .985, 
ηp

2 < .01, nor its interaction with compatibility, F(2,70) = .10, 
p = .905, ηp

2 < .01, was significant.

Experiment 1, full design: Task 1 results

This section describes RT1s (2.09% excluded as outli-
ers) and PE1s of the full 2 × 2 × 2 (compatibility in the 
test trial × compatibility in the prime trial × task type in 

Table 4   Mean correct response 
times (RT2) in milliseconds 
and percentages of errors (PE2) 
from Task 2 of Experiment 1 as 
a function of prime trial conflict 
type and R1–R2 compatibility

The FCE (forward crosstalk effect) row reports the difference between the mean of the compatible and 
incompatible trials

R1–R2 compatibility Prime trial conflict type

Forced choice 
incompatible

Forced choice 
compatible

Free choice com-
patible

Free choice 
incompatible

RT2 PE2 RT2 PE2 RT2 PE2 RT2 PE2

Incompatible 919 2.4 1065 13.1 1124 11.7 1098 8.6
Compatible 994 8.4 864 3.6 967 3.8 1041 5.0
FCE − 75 − 6.0 201 9.5 157 7.9 57 3.6

Table 5   Mean correct response 
times (RT2) in milliseconds and 
percent error (PE2) from Task 
2 of Experiment 2 as a function 
of block type and R1–R2 
compatibility

The FCE (forward crosstalk effect) row reports the difference between the mean of the compatible and 
incompatible trials

R1–R2 compatibility Block type

25% free choices 50% free choices 75% free choices

RT2 PE2 RT2 PE2 RT2 PE2

Incompatible 1114 8.2 1163 8.6 1214 8.6
Compatible 1009 4.8 1072 4.7 1102 4.6
BCE 105 3.4 91 3.9 112 4.0
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the prime trial) design of Experiment 1. Only test trials 
were used in this analysis. Mean values are summarized in 
Table 6. There was a significant main effect of compatibil-
ity in the test trial, F(1,35) = 31.77, p < .001, ηp

2 = .48, and 
of task type in the prime trial, F(1,35) = 65.61, p < .001, 
ηp

2 = .65. There was no main effect of compatibility in the 
prime trial, F(1,35) = 0.03, p = .874, ηp

2 < .01. There were 
significant interactions between compatibility in the test 
and in the prime trial, F(1,35) = 92.87, p < .001, ηp

2 = .73, 
the compatibility in the test trial and the task type in the 
prime trial, F(1,35) = 4.76, p = .036, ηp

2 = .12, and between 
all three factors, F(1,35) = 17.75, p < .001, ηp

2 = .34. There 
was no significant interaction between task type and compat-
ibility in the prime trial, F(1,35) = 2.81, p = .103, ηp

2 = .07.
For the PE1s, there were main effects for the compat-

ibility in the test trial, F(1,35) = 12.44, p = .001, ηp
2 = .26, 

the compatibility in the prime trial, F(1,35) = 5.01, 
p = .032, ηp

2 = .13, as well as task type in the prime trial, 
F(1,35) = 25.69, p < .001, ηp

2 = .42. There was an interac-
tion between compatibility of the test and the prime trial, 
F(1,35) = 28.71, p < .001, ηp

2 = .45. There was no interac-
tion between the compatibility of the test trial and task type 
in the prime trial, F(1,35) = 0.04, p = .852, ηp

2 < .01, task 
type in the prime trial and compatibility in the prime trial, 
F(1,35) = 0.48, p = .493, ηp

2 = .01, nor between all three fac-
tors, F(1,35) = 0.06, p = .815, ηp

2 < .01.

Experiment 1, full design: Task 2 results

This section describes RT2s (2.45% excluded as outli-
ers) and PEs of the full 2 × 2 × 2 (compatibility in the test 
trial × compatibility in the prime trial × task type in the 
prime trial) design of Experiment 1. Only test trials were 
used in this analysis. Mean values are summarized in 
Table 4. There was a significant main effect of compat-
ibility in the test trial, F(1,35) = 32.48, p < .001, ηp

2 = .48, 
and task type in the prime trial, F(1,35) = 57.53, p < .001, 
ηp

2 = .62. There was no main effect of compatibility in the 
prime trial, F(1,35) = 0.91, p = .346, ηp

2 = .03. There were 
significant interactions between compatibility in the test 
and the prime trial, F(1,35) = 103.50, p < .001, ηp

2 = .75, 
the compatibility in the test trial and task type in the prime 

trial, F(1,35) = 5.97, p = .020, ηp
2 = .15, and all three factors, 

F(1,35) = 29.99, p < .001, ηp
2 = .46. There was no significant 

interaction between compatibility and task type in the prime 
trial, F(1,35) = 3.44, p = .072, ηp

2 = .09.
For the PE2 s, there were main effects for the compatibil-

ity in the test trial, F(1,35) = 12.33, p = .001, ηp
2 = .26, and the 

compatibility in the prime trial, F(1,35) = 10.28, p = .003, 
ηp

2 = .23. There were significant interactions between com-
patibility in the test and in the prime trial, F(1,35) = 33.38, 
p < .001, ηp

2 = .49, the compatibility in the test trial and task 
type in the prime trial, F(1,35) = 10.43, p = .003, ηp

2 = .23, the 
compatibility and task type in the prime trial, F(1,35) = 6.08, 
p = .019, ηp

2 = .15, as well as all three factors, F(1,35) = 11.45, 
p = .002, ηp

2 = .25. There was no main effect for task type in 
the prime trial, F(1,35) = 0.37, p = .548, ηp

2 = .01.
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