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Abstract

Telling a consistent lie across multiple occasions poses severe demands on memory.
Two cognitive mechanisms aid with overcoming this difficulty: Associations between a
question and its corresponding response and associations between a question and its
previous intentional context (in this case: honest vs. dishonest responding). Here, we
assessed whether intentional contexts such as an honest versus dishonest mindset
modulate the retrieval of stimulus-response (S-R) associations. In an item-specific
priming paradigm, participants classified stimuli either honestly or dishonestly during a
prime and a later probe. The results of three experiments yielded automatic retrieval of
the previously primed motor responses (for both honest and dishonest responses) only
when the intentional context repeated but not when it switched. These findings indicate
interdependent associations between a stimulus, its intentional context, and the
corresponding response, allowing for flexible, context-specific retrieval. Thus, humans
benefit from prior learning history without incurring costs when the intentional context
changes. This finding implies top-down control over the retrieval of S-R associations
and provides new insights into the mechanisms of associative learning.
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Public Significance Statement

Lying poses severe memory demands, as liars have to face the difficulty of telling a
consistent lie across various situations. There are two cognitive mechanisms that help
liars to tell consistent lies: Associations between questions and the responses given to
answer them and associations between questions and the previously chosen intentional
context (lying vs. truth-telling). Here, we show that responses previously given in one
intentional context only affect later responses to the same stimulus when this
intentional context repeats (e.g., lie — lie), but not when we respond to the same
stimulus in a different intentional context (e.g., truth — lie). Thus, benefits from
responses previously learned in one intentional context (e.g., truth-telling), do not
interfere with responding in a different intentional context (e.g., lying). These findings
likely are not restricted to the context of lying, but might generalize to other intentional

contexts.
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Introduction

In everyday life, every moment we are faced with multiple stimuli. Deliberate
processing of all of these simultaneous stimuli in depth before deciding whether and
how to respond to them would render response selection very inefficient. Luckily, there
are stimuli that we want to consistently respond to in the same way. By forming
associations between stimuli and our responses to them, so-called stimulus-response (S-
R) associations (e.g., Dennis & Perfect, 2013; Horner & Henson, 2009; for a review
Henson, Eckstein, Waszak, Frings, & Horner, 2014), we are able to partly automatize
and expedite response selection.

Crucially, however, automatically retrieving associated responses is only beneficial
when the current situational context and our current intentions are in line with the
associated response. A situation in which this is frequently not the case is when we
decide to lie to a question we previously answered truthfully. Then, we deliberately do
not want to retrieve the honest response we have previously given to a question. In line
with recent ideas about the context-specific retrieval of S-R associations (Abrahamse,
Braem, Notebaert, & Verguts, 2016), we examine whether the intentional contexts of
lying and truth-telling can serve as top-down states modulating S-R retrieval. That is,
we want to assess whether intentional contexts (e.g., lying vs. truth-telling) can be
integrated into S-R associations, creating hierarchical (stimulus — intentional context —
response) associations that allow for context-specific (i.e., intention-specific) S-R
retrieval.

Recent studies on the components of S-R associations have already assessed
whether different classification tasks (e.g., size classification vs. mechanism
classification) modulate the retrieval of S-R associations (e.g., Horner & Henson, 20009,
Moutsopoulou, Yang, Desantis, & Waszak, 2015; Pfeuffer, Moutsopoulou, Pfister,

Waszak, & Kiesel, 2017). For instance, Moutsopoulou et al. (2015) used an item-
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specific priming paradigm in which stimuli appeared only twice, once as a prime, and
associations were formed, and once as a probe (lag 2-7 trials), and the associations
formed in the prime were assessed. Between the prime and probe instance of a
stimulus, the classification task participants had to perform (size vs. mechanism) could
repeat or switch. By using task cues that indicated the current classification-action
mapping, the authors also manipulated whether the response (left vs. right) participants
had to perform to indicate the correct classification (larger/smaller for the size task;
mechanic vs. non-mechanic for the mechanism task) repeated or switched between
prime and corresponding probe. They found that participants showed better
performance when stimulus classifications (i.e., when the classification task) repeated
rather than switched and when responses repeated rather than switched. Importantly,
however, there was no interaction between these effects (see also e.g., Horner &
Henson, 2009; Pfeuffer et al., 2017). This led Moutsopoulou et al. (2015) to conclude
that stimuli became independently associated with task-specific semantic classifications
and motor outputs. Their findings, in turn, posit that bottom-up processes alone explain
the retrieval of both S-R components (stimulus-classification and stimulus-action
associations). Top-down processes like task-related intentions did not seem to play a
role and there was no indication of a hierarchical organization of stimulus-classification
and stimulus-action associations.

Conversely, a recent study by Waszak, Pfister, & Kiesel (2013) presented tentative
evidence that top-down processes could affect the automatic retrieval of S-R
associations. There, participants first trained two classification tasks (color versus shape
classification of visual stimuli) on bivalent stimuli (i.e., coloured shapes). A task cue
indicated which task was to be performed on a given trial. This training resulted in task-
rule congruency effects, that is, faster responses when both classification tasks required

the same keypress and slower responses when both classification tasks yielded different
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keypresses. Such task-rule congruency effects indicate that the irrelevant stimulus
dimension activated the response associated with the currently irrelevant classification
task. After initial training, four out of six shapes were presented only as distractors (i.e.,
whenever these shapes appeared, participants had to judge the colour of the stimulus,
but never the shape of it), and two of the four shapes were re-instructed to the opposite
keypress response. Re-instructed distractors did not any more yield any congruency
effects in the following blocks, whereas the other distractors still yielded congruency
effects independent of whether they still appeared as targets or not. These findings
might indicate that intentionally formed task sets or intentional task set negations may
have an influence on automatic retrieval. However, Waszak et al. (2013) could not
unequivocally ascertain that top-down processes, like supraordinate intentions that
modulated S-R retrieval, drove their results. Instead, the previously practiced S-R
mapping and the currently instructed S-R mapping (see e.g., Liefooghe & De Houwer,
2018; Pfeuffer et al., 2017, for evidence on the instruction-based formation of S-R
associations) could alternatively have led to the formation of competing S-R
associations. If the latter were the case, their findings could be accounted for by
bottom-up processes alone.

Here, we want to gain clear-cut evidence for the influence of top-down processes on
S-R retrieval by assessing S-R retrieval in two distinct intentional contexts that we also
experience in everyday life, truth-telling and lying. Lying can be a highly demanding
task. Not only do liars have to cope with cognitive factors that render lying rather
effortful per se, but they also have to maintain a particular dishonest account
consistently across multiple situations.

These costs of lying received continued interest from psychological studies in the
past and there is broad consensus that lie-telling is associated with additional effort as

compared to responding honestly. When telling a lie for the first time, agents have to
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process a question posed to them and retrieve the honest answer in order to
subsequently decide to conceal the truth and construct and tell a lie (e.g., Debey, de
Houwer, & Verschuere, 2014; Foerster, Wirth, Herbort, Kunde, & Pfister, in press;
Walczyk, Harris, Duck, & Mulay, 2014). Thus, telling a lie for the first time comes
with a considerable amount of cognitive processing that becomes evident, for instance,
in prolonged reaction times (RTs) when telling a lie as compared to telling the truth
(e.g., Debey et al., 2014; Duran, Dale, & McNamara, 2010; Pfister, Foerster, & Kunde,
2014; Spence et al., 2001).

However, previous studies also suggest that associative learning mechanisms help
to ease the efforts associated with repeated lie-telling. In fact, telling a lie repeatedly
can reduce or eliminate the cognitive effort that has to be invested initially (Dike,
Baranoski, & Griffith, 2005; Polage, 2012; Van Bockstaele et al., 2012; Walczyk et al.,
2012; Walczyk, Mahoney, Doverspike, & Griffith-Ross, 2009). For instance,
performance costs associated with lying were significantly reduced for questions that
participants have consistently given the same dishonest answer to as compared to
questions that participants have consistently answered honestly or both honestly and
dishonestly in equal proportion (Van Bockstaele et al. 2012; Foerster, Pfister, Schmidts,
Dignath, Wirth, & Kunde, in press). These findings can be reconciled with associative
learning accounts as these findings suggest that stimulus-response (S-R) associations
between questions and participants’ responses are established, allowing for rapid,
automatized retrieval of dishonest responses.

Furthermore, recent evidence suggests that not only a given dishonest response can
be associated to the question. Rather, agents also seem to store the information of
having responded dishonestly to a question and this contextual information is retrieved
automatically when the question is re-encountered (Koranyi, Schreckenbach, &

Rothermund, 2015). More precisely, participants in this study were instructed to
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provide honest or dishonest answers to several questions during an initial interview.
Afterwards, interview questions and new questions served as primes in a computerized
priming task. After each prime question, a target word appeared, and this target was
either the word “honest” or the word “dishonest”. Participants had to classify the target
word by pressing a left or right button. When a question was presented as prime that
had been answered dishonestly in the interview, participants tended to classify the
“dishonest” target more easily than the “honest” target (though the effect was only
significant when analyzing inverse efficiency scores rather than RTs). This finding
suggests that, when participants re-encountered the questions, they automatically
retrieved the contextual information of having provided an honest or dishonest answer
to the question.

The previously reported two findings — automatic S-R associations for dishonest
responses, and automatic retrieval of the intentional context — point towards an
associative learning mechanism that aids with overcoming the difficulty of telling the
same lie consistently across different occasions. Thus, all pre-requisites for a top-down
modulation of S-R retrieval seem to be given in lying. This makes a comparison
between the intentional contexts of lying and truth-telling ideal to assess the top-down
influence of intentional contexts on S-R retrieval.

At present, it is unclear how the described mechanisms interact to retrieve a
dishonest response. Two scenarios seem plausible here. Either, when encountering a
particular question, the stimulus might automatically retrieve the associated responses
and, simultaneously and independently, the corresponding contextual information (i.e.,
whether one had been honest or dishonest before; independence hypothesis). This
would suggest that bottom-up processes alone can account for S-R retrieval in
dishonest responding (c.f., Horner & Henson, 2009; Moutsopoulou et al., 2015;

Pfeuffer et al., 2017). By contrast, associations might also be hierarchical and context-
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specific in that the contextual information is retrieved first, followed by the retrieval of
the response component (stimulus — intentional context — response association;
interdependence hypothesis). If the latter were the case, responses could only be
retrieved when learning and retrieval contexts match. This would suggest top-down
control over the retrieval of S-R associations.

In the present study, we aim to go beyond preliminary findings in lying to directly
test the interdependence hypothesis in an item-specific priming paradigm. In this
paradigm, we use a well-documented feature of S-R associations: As previously
described when encountering a stimulus, agents do not only retrieve its semantic
classification, but also the motor response they had given to perform the classification
(Dennis & Perfect, 2013; Horner & Henson, 2009; for a review Henson, Eckstein,
Waszak, Frings, & Horner, 2014). Following previous studies on item-specific priming
(Moutsopoulou et al., 2015), our participants were to classify everyday objects as small
or large by pressing a left or a right key (see Figure 1). Each object was only presented
twice throughout the experiment, once as a prime and once as a probe. Between the
prime and probe instance of one specific object (appearing with a lag of 2-7 trials), the
required motor response (left vs. right key press), could either repeat or switch (see
Figure 2). In this setting, faster and more accurate responding to repetitions of the
motor response than to switches would indicate that S-R associations between the
stimulus and the motor response had been formed during primes and were
automatically retrieved during probes (Dobbins, Schnyer, Verfaellie, & Schacter, 2004;
Hsu & Waszak, 2012; Moutsopoulou et al., 2015).

Crucially, we also varied between blocks whether participants were to classify
objects honestly (i.e., appropriately) or dishonestly (i.e., intently provide an
inappropriate classification) during prime and probe trials, respectively. Thus,

intentional context (and with it the semantics of the motor response) either repeated or
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switched between the prime and probe instance of a stimulus. Based on the
interdependence hypothesis, we predicted that the response sequence should only affect
performance for context repetitions but not for context switches.

In line with the idea of a two-step process in lying that consists of activating the
truth and subsequently inhibiting it during the generation of a lie, we focused on the
activation versus inhibition of the honest response (Debey et al., 2014). That is, we
chose the intentional contexts of responding truthfully (honest responding: activation of
the truthful response) versus not truthfully (dishonest responding: inhibition of the
truthful response). Note, however, that this focus on responding truthfully or not
implies that our study design could not address additional aspects of lying (for such
additional aspects, see the activation-decision-construction-action theory of lying;
Walczyk et al., 2014).

Experiment 1

In Experiment 1, we assessed automatic retrieval of dishonest responses by
manipulating the prime context (honest vs. dishonest responding) in an item-specific
priming paradigm, and measuring its impact on honest responding in the probe.

More precisely, participants categorized objects as small or large, relative to a shoe
box. A preceding cue, “K + G” or “G + K” (K for German “klein”, Eng. “small”; G for
German “grof3”, Eng. “large”), indicated whether a right or left key press was to be
performed to classify the object as small or large, respectively. A colored context frame
further indicated whether to classify objects honestly or dishonestly. For instance, if
participants were instructed to lie during a trial, and an apple (an object smaller than a
shoe box) was presented, they were to classify the apple as large, whereas they were to
appropriately classify the apple as small when honest responding was required. In each
block, participants either responded honestly or dishonestly for all prime trials, and they

always responded honestly for the following probe trials (see Experiments 2 and 3 for
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an orthogonal design). Motoric (left or right) responses for each object either repeated
or switched between the prime and probe instance of a stimulus, depending on the
respective mapping for the small/large classification and the context.

For context sequence repetitions (honest » honest), we expected faster responses
for repetitions rather than switches of the motor response between prime and probe. For
context switches (dishonest » honest), an effect of response sequence should only
emerge if stimuli were independently associated with response and context, but not if
context and response were interdependently (i.e., hierarchically) associated with the
stimulus.

Methods

Participants. Twenty-four participants (8 male, 5 left handed, mean age = 24.3 years)
took part and received 12€ or course credit for their participation. G*Power (Erdfelder,
Faul, & Buchner, 1996) determined a sample size of 24 participants based on the effect
size of the difference between response repetitions and switches observed in studies using
a similar item-specific priming paradigm (Moutsopoulou et al., 2015; Pfeuffer et al.,
2017) to find an effect of d, = 0.60 (a < .05) with a power of 80%. The study was
conducted in adherence to the standards set by the local ethics committee and participants
provided written informed consent. Data of one participant were excluded, because less
than 50% of his trials fulfilled the inclusion criteria for RT analyses. Two additional
participants were excluded due to language difficulties and problems understanding the
task. An additional exclusion criterion, error rates above 30%, was met by none of the
remaining participants. The data of excluded participants were replaced with data from
new participants.

Stimuli and apparatus. Participants sat in a sound attenuated room approximately

60 cm from a 19” LCD screen (resolution: 1024 x 768). Their left and right index fingers
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rested on two external keys placed in front of them to the left and right (inter-key
distance: 13.5 cm).

A set of 512 distinct object images (size: 256 pixels x 256 pixels, about 8° visual
angle) was adopted from previous studies (Brady, Konkle, Alvarez, & Oliva, 2008;
Moutsopuolou, Yang, Desantis, & Waszak, 2015). The depicted objects had to be
judged according to their real-life size in relation to a size referent (reference box: 37.5
cm x 30 cm x 13.5 cm). Half of the objects were smaller than the size referent and half
of the objects were larger than the size referent. Each object appeared only twice
throughout the experiment, once as a prime and once as a probe. Twenty-four
additional objects were used in a preceding practice block.

Responses were instructed via the cues “K + G” and “G + K”, corresponding to the
first letters of the German words for small (“klein’) and large (“grof3”). Items were to
be classified by pressing the key that spatially corresponded to the applicable item
classification (truth trials: appropriate classification, lie trials: purposely inappropriate
classification).

To support participants” interpretation of the task as “lying” versus “truth-telling”,
throughout the experiment, the silhouette of a person was displayed in the background
of the screen. In the instructions, this person was introduced to the participants and
participants were instructed to imagine that they gave the honest versus dishonest
response to this person when performing the size classification task.

Design and procedure. Participants” task was to classify the presented objects
according to their size as fast and accurately as possible. Accurate responses were defined
as giving the appropriate response on prime truth trials and as giving the inappropriate
response on prime lie trials. Before each block, participants were instructed to respond
honestly throughout the block (truth-truth block) or to lie during the prime trials and then

respond honestly during probe trials (lie-truth block). In this setting, honest responding
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meant that participants were instructed to judge the item’s real-life size and provide the
appropriate classification, whereas participants were instructed to purposely provide the
inappropriate classification during lie trials. The color of a frame (orange vs. blue) around
the centrally presented stimulus provided information regarding the current context
(truth-telling vs. lying) in each trial.

Each trial started with an inter-trial interval of 2000 ms, during which the color of a
frame around the center of the screen indicated the current context (truth vs. lie; see
Figure 1). The colored frame remained visible throughout the entire trial. Subsequently,
a cue (700 ms) indicated the current key-classification mapping and participants
classified the following item accordingly via a left or right key press (maximum
duration: 2000 ms). False responses, that is, inappropriate classifications during truth
trials or accidental appropriate classifications during lie trials or response omissions
triggered a specific feedback for 500 ms (“Fehler!”, Eng.: “error!”; “zu langsam!”,
Eng.: “too slow!”).

Blocks consisted of eight trials, four prime trials followed by four corresponding
probe trials. After eight practice blocks (4 truth-truth, 4 lie-truth) participants continued
with 128 blocks of the experiment proper (1024 trials, 64 blocks truth-truth and 64
blocks lie-truth, 128 trials per condition). For each block four new items were randomly
selected. An individual item only appeared in one block, once as a prime and 2 to 7
trials later once as a probe (see Figure 1).

Crucially, not only the context, but also the required response (left vs. right key
press) could switch or repeat between the prime trial and the probe trial of a specific
item (see Figure 2). This was realized by varying the cue and resulted in four possible
combinations of the factors prime context (truth vs. lie) and response sequence
(repetition vs. switch).

Results
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Prime responses. For the analysis of error percentages (PES) response omissions
(0.6%) were excluded. For the analysis of prime trial RTs response omissions and error
trials (11.9%) as well as outliers (1.2%) were excluded, with outliers being defined as
RTs that deviated from their individual cell mean by more than 3 standard deviations.
RTs and error rates were subjected to paired t-tests comparing prime lie and prime truth
trials.

Prime lie trials during which participants were instructed to purposely provide
inappropriate classifications were associated with both longer RTs and larger error rates
(see Figure 3), and this difference was significant for both measures; RTs, t(23) = 8.80,
p <.001, d, = 1.80; error rates, t(23) = 9.43, p <.001, d, = 1.93.

Probe responses. Participants committed errors on 7.2% of the probe trials and
omitted responses on 0.2% of the probe trials. For the analysis of probe trial error rates,
trials with response omissions were excluded. Furthermore, probe trials with preceding
errors or response omissions in the corresponding prime trial were also excluded. On
average, this led to the exclusion of 12.6% of trials for the error rate analysis. For the
analysis of probe trial RTs, trials with response omissions or errors as well as outliers,
defined as RTs deviating by more than 3 standard deviations from their individual cell
means, were excluded (1.3%). Moreover, probe trials with response omissions or errors
in the corresponding preceding prime trial were excluded. For RT analysis, these criteria
lead to the exclusion of 18.2% of the trials, on average.

RTs and error rates were subjected to separate 2 x 2 repeated measures analyses of
variance (ANOVASs) with the factors prime context (truth vs. lie) and response
sequence (response repetition, RR, vs. response switch, RS). Paired t-tests were used to

further investigate interactions of prime context and response sequence. Please note that
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results of Experiment 1 are plotted in accordance with the analyses in Experiment 2 and
3 for the sake of comparison (Figures 3, 4, and 5).!

RTs. Participants were slower to respond to items that they had lied to during prime
trials in comparison to items they had classified honestly, F(1,23) = 32.72, p <.001, ,?
= .59 (see Figure 3A). The main effect of response sequence (response repetition vs.
response switch) was not significant, F(1,23) = 2.46, p = .130, 5% = .10, whereas, the
interaction of prime context and response sequence reached significance, F(1,23) =
8.06, p =.009, #,? = .26. There was a significant difference between response
repetitions and response switches when having responded honestly in the prime trial,
t(23) = 4.08, p < .001, d; = 0.83, but not after lying in the prime trial, t(23) = 0.69, p =
500, d; = 0.14. Thus, when participants responded honestly in both prime and probe of
an item, probe RTs were significantly larger for response switches in comparison to
response repetitions, whereas probe RTs did not differ between response repetitions and
switches when participants had lied during prime trials.

Error rates. Error rate analysis showed a significant main effect of prime context,
F(1,23) = 8.34, p = .008, ;> = .27, with responses being more error-prone for items for
which participants had provided lies during the prime trial (see Figure 3B). Again, the
main effect of response sequence was not significant, F(1,23) = 2.27, p = .146, 5% =
.09. Furthermore, a significant interaction between prime context and response
sequence, F(1,23) = 7.74, p = .011, 5% = .25, was qualified by significantly increased
error rates for response switches in comparison to response repetitions for probe trials

with honest prime responses, t(23) = 2.95, p =.007, d, = 0.60, and a marginally

1 In Experiment 1, results in the lie-truth blocks might have been affected by the task
switch from the last prime trial to the first probe trial (Debey, Liefooghe, de Houwer, &
Verschuere, 2015; Foerster, Wirth, Kunde, & Pfister, 2017). However, additional RT
and error rate analyses that excluded the first probe trials yielded the same pattern of
results.
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significant inverse pattern of decreased error rates for response switches for probe trials
with dishonest prime responses, t(23) = 1.97, p = .061, d; = 0.40.
Discussion

Automatic S-R translation, as evident in significantly increased RTs and error rates
for response switches compared to repetitions, only occurred when participants
responded honestly during both prime and probe trials, that is, when the context
repeated. When participants lied about the classification of objects during primes and
were required to provide an honest answer during subsequent probes, RTs and error
rates for response repetitions and switches did not differ significantly (though they
descriptively showed the reverse tendency).

This pattern of results is in line with the interdependence hypothesis. Participants
formed S-R associations between stimuli and motor responses during both contexts,
truth-telling and lying, but these S-R associations were only retrieved when context
repeated rather than switched. An alternative account for the results of Experiment 1,
however, is that participants might have formed automatic S-R associations between
stimuli and motor responses only during honest responding but not during lying.
Experiment 2 rules out precisely this alternative explanation.

Experiment 2

Experiment 2 employed the same design as Experiment 1, except that we varied
orthogonally whether participants responded honestly or dishonestly during primes as
well as during probes, so that all four possible combinations of prime context (truth vs.
lie) and probe context (truth vs. lie) were realized. Based on the findings of Experiment
1, we predicted an impact of response sequence only if prime and probe context
matched (context repetitions) but not if they differed (context switches). This would

suggest that both during truth-telling and lying, context-specific S-R associations
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between the stimulus and the motor response are formed, yet are thus only retrieved
when priming and retrieval context match.
Methods

Participants. Twenty-four new participants (10 male, 2 left handed, mean age = 23.9
years) took part, provided written consent, and received 12€ or course credit for their
participation. One participant was excluded, because his data provided less than 50% of
usable trials and another participant was excluded due to disturbing noise outside the
laboratory. An additional exclusion criterion, error rates above 30%, was met by none of
the remaining participants. Additional participants were recruited in place of the excluded
participants.

Stimuli, apparatus, design, and procedure. Stimuli and apparatus were equivalent
to Experiment 1. The design of Experiment 2 equaled Experiment 1 with the exception
that in Experiment 2, all four possible combinations of prime and probe context were
realized (truth-truth vs. truth-lie vs. lie-lie vs. lie-truth). This resulted in 32 blocks per
block type and 64 trials per condition.

Results

Prime responses. Response omissions (0.5%) were excluded from prime trial
analyses. Furthermore, for RT analysis trials with erroneous responses (12.0%) and
outliers were excluded (1.1%). RTs and error rates were subjected to paired t-tests
comparing prime lie and prime truth trials.

In accordance with the results of Experiment 1, we found a significant difference
between lying and truth-telling during prime trials in both RTs, t(23) = 9.76, p <.001,

2 =1.99, and error rates, t(23) =5.79, p <.001, d, = 1.18. Participants responded
slower and committed more errors when they were lying (see Figures 4).
Probe responses. Participants on average committed errors on 9.1% of the probe

trials and omitted responses on 0.4% of the probe trials. Equivalent to the analyses of
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Experiment 1, response omissions were excluded. Moreover, probe trials with preceding
errors or response omissions in the corresponding prime trial were also excluded. For the
analysis of probe trial RTs, outliers were additionally excluded (0.9%). These exclusion
criteria lead to an average exclusion of 19.3% of the trials for error rate analysis and
19.7% of the trials for RT analysis.

RTs and error rates were subjected to a 2 x 2 x 2 repeated measures ANOVAs with
the factors prime context (truth vs. lie), response sequence (response repetition vs.
response switch), and context sequence (context repetition vs. context switch).
Specifically, context sequence indicates whether the same context repeated from prime
to probe (i.e., truth-truth, lie-lie) or switched from prime to probe (i.e., truth-lie, lie-
truth). Paired t-tests were used to further investigate two-way interactions.

RTs. Our analysis again showed a significant main effect of prime context, F(1,23)
=36.48, p < .001, 7,2 = .61 (see Figure 4A). Participants were significantly slower to
classify items that they had lied to during prime trials in comparison to items they had
honestly classified during prime trials. Moreover, the main effect of response sequence,
F(1,23) = 6.00, p = .022, 5> = .21, reached significance. Overall, response switches
were associated with significantly longer RTs in comparison to response repetitions.
The main effect of context sequence failed to reach significance, F(1,23) =1.21,p =
282, np? = .05, however, prime context and context sequence significantly interacted,
F(1,23) = 64.27, p < .001, #p? = .74. Subsequent paired t-test showed that, when context
repeated, probe RTs were faster after participants had told the truth in the prime (and
responded honestly in the probe) as compared to when participants had lied during the
prime (and responded dishonestly in the probe), t(23) = 8.37, p <.001, d, = 1.71.
Conversely, when context switched, probe RTs were faster after participants had lied in
the prime (and were telling the truth in the probe) as compared to when participants had

told the truth in the prime (and lied in the probe), t(23) = 6.11, p <.001, d; = 1.25.
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Importantly, context sequence and response sequence interacted significantly, F(1,23) =
4.59, p = .043, 5,? = .17. Subsequent t-tests revealed that response switches were only
associated with longer RTs than response repetitions when the context repeated, t(23) =
3.04, p =.006, d; = 0.62, but not when the context switched, t(23) = 0.53, p =.600, d; =
0.11. The two-way interaction of prime context and response sequence and the three-
way interaction did not reach significance, Fs < 1.

PEs. For error rates, we found a significant main effect of prime context, F(1,23) =
6.15, p =.021, 5p? = .21, with participants committing more errors when having lied
during primes instead of having honestly classified items (see Figure 4B). The main
effects of response sequence, F < 1, and context sequence, F(1,23) = 2.19, p = .153, 5p?
= .09, failed to reach significance. Prime context and context sequence interacted
significantly, F(1,23) = 12.15, p = .002, #p? = .35. When the context repeated, probe
error rates were significantly increased when participants lied in the prime (and in the
probe) as compared to when participants responded honestly in the prime (and in the
probe), t(23) = 5.13, p <.001, d, = 1.05. When context switched there was no
significant difference, t(23) = 1.11, p =.279, d, = 0.23. Furthermore, the interaction of
context sequence and response sequence was significant, F(1,23) = 5.29, p = .031, 5% =
.19. Response switches were associated with significant increases in error rates relative
to response repetitions when context repeated between prime and probe, t(23) = 2.21, p
=.037, d; = 0.45, but not when context switched, t(23) = 1.09, p =.287, d, = 0.22. The
two-way interaction between prime context and response sequence and the three-way
interaction were not significant, Fs < 1.

Discussion

In Experiment 2, we found that response switches were associated with longer RTs

and higher error rates in comparison to response repetitions when the context repeated,

but not when the context switched. This finding demonstrates that participants formed
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S-R associations during primes both when they responded honestly and dishonestly, but
they automatically retrieved the motor responses during probes only when the context
repeated. Thus, we conclude that irrespective of whether agents tell the truth or lie, their
response (i.e., their motor output) is stored in an interdependent, hierarchical
association between context, stimulus, and response. Responses were retrieved in a
context-specific fashion, that is, only when the retrieval context in the probe matched
the encoding context in the prime. When the context switched, neither lie-based nor
truth-based S-R associations were retrieved. Crucially, the results of Experiment 2 also
explain why lie-based S-R associations could not be detected in Experiment 1, in which
prime lies were always associated with a context switch between prime and probe.

An important aspect to discuss is whether repetitions/switches in the semantic
classifications participants provided with their responses could have affected the
results. That is, whenever the context repeated, participants also had to perform the
same semantic classification of a stimulus in the prime and probe. Conversely, when
the context switched, the correct semantic classification of a stimulus also switched
between prime and probe. Yet, there is a growing body of research suggesting that
motor outputs and semantic classifications become independently associated with
stimuli and are retrieved independently (e.g., Horner & Henson, 2009; Moutsopoulou et
al., 2015; Pfeuffer, et al., 2017; Pfeuffer, Hosp, Kimmig, Moutsopoulou, Waszak, &
Kiesel, 2018; Pfeuffer, Moutsopoulou, Waszak, & Kiesel, 2018; see also Giesen &
Rothermund, 2016, for similar results for irrelevant stimuli). In these studies,
participants” responses and the (task-specific) semantic classifications they indicated
were typically manipulated orthogonally. For instance, in the study of Moutsopoulou et
al. (2015), participants performed an item-specific priming paradigm (lag 2-7 trials
between prime and probe) in which the classification task (size vs. mechanism) and the

response (left vs. right) participants had to perform independently repeated or switched
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between the prime and probe instance of a stimulus. Crucially, across studies, item-
specific repetitions/switches in (task-specific) semantic classifications had an influence
on probe performance that was independent from the effect of repetitions/switches in
responses. Switches as compared to repetitions in semantic classifications were
associated with longer RTs and increased error rates, but there was no indication of an
interaction with S-R retrieval effects. This was the case both when participants
switched to an entirely different classification task (e.g., Moutsopoulou et al., 2015) and
when participants had to reverse their size classifications because of a change in the
size referent (e.g., Horner & Henson, 2009).

The present experiment used a comparable design to manipulate intentional context
between prime and probe, which in turn led to repetitions/switches in stimulus
classification between prime and probe. Given the findings of previous studies (e.g.,
Horner & Henson, 2009; Moutspoulou et al., 2015) we consider it unlikely that
repetitions/switches in stimulus classification played an essential role in bringing about
the pattern of context-specific S-R retrieval we observed in the probe trials.

To provide further evidence against an influence of classification
repetitions/switches on the basis of the current experiments, we conducted additional
post-hoc analyses in which we compared prime and probe performance (see the
Appendix). In a nutshell, we computed RT and error rate differences between prime
and probe responses given in the same intentional context to assess how much
performance improved from prime to probe. That is, per participant, for instance, mean
probe honest response RTs/error rates were subtracted from mean prime honest
response RTs/error rates (computed irrespective of what the probe context that had
followed these prime trials in the experiment had been). We then examined the
influence of context repetitions/switches from prime to probe on how much

performance improved for honest and dishonest probe responses. Our reasoning here



BINDING LIES 22

was that a context repetition automatically meant that the classification repeated,
whereas a context switch meant that the classification switched. Thus, our analyses
provided us with an estimate of the influence of classification repetitions/switches on
honest/dishonest probe responses. We found that the influence of context/classification
switches on honest and dishonest probe responses was exactly opposite. When
participants were telling the truth in the probe, their performance improved more
relative to the prime (i.e., the difference between prime honest responses and probe
honest responses was larger) when they had also told the truth in the corresponding
prime rather than lied (i.e., when the context/classification repeated rather than
switched). Conversely, when participants were lying in the probe, their performance
improved more relative to the prime when they had previously told the truth during the
prime rather than lied. We interpret this as additional tentative evidence that
classification repetitions/switches affect honest and dishonest responses differently.
Yet, in the probe, we observed the same pattern of context-specific S-R retrieval for
both honest and dishonest probe responses. Thus, we reason that classification
repetitions/switches that differently affect overall probe performance are unlikely the
origin of equivalent item-specific S-R retrieval patterns in the probe. These analyses
provide additional evidence for the hypothesized difference of switching between the
intentional contexts (lying and truth-telling) as compared to switching between two
unrelated classification tasks (e.g., Giesen & Rothermund, 2016; Horner & Henson,
2009; Moutsopoulou et al., 2015; Pfeuffer, et al., 2017).

Furthermore, in Experiment 2, one additional alternative explanation for the pattern
of results could not be ruled out. As a single colour was used to indicate the truth and
lie context, context switches were always associated with colour switches, whereas
context repetitions were always associated with colour repetitions. Thus, instead of

forming a hierarchical association between intentional context, stimulus, and response,
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participants might alternatively have formed hierarchical associations between context
cue (i.e., frame colour), stimulus, and response (for a similar reasoning in the task-
switching paradigm see Logan & Bundesen, 2003; Mayr & Kliegl, 2003). We
conducted Experiment 3 to address this potential alternative explanation.
Experiment 3

To rule out alternative explanations in terms of encoding the colour of the context
cue rather than the actual intentional context, Experiment 3 was a conceptual
replication of Experiment 2, but we now used four frame colours to indicate prime and
probe context. Two colours were assigned to lying and two to truth-telling. One of
these frame colours was only used during primes and the other was only used during
probes. Thus, the item-specific transition from prime to probe always involved a switch
in frame colour and prime and probe intentional context could be manipulated
independently. If we found the same pattern of results as in Experiment 2, namely that
item-specific response repetitions yielded performance benefits only when the context
repeated but not when it switched, this would imply that participants had formed
hierarchical, context-specific S-R associations that incorporated the intentional context.
Methods

Participants. An a priori sample size estimation via G*Power (Erdfelder, Faul, &
Buchner, 1996) based on the effect size of Experiment 2 suggested that 44 participants
were necessary to find a significant interaction between response sequence and context
sequence (a <.05) with a power of 80%. We recruited a corresponding sample (13 male,
5 left handed, mean age = 23.2 years), and participants provided written consent and
received either course credit or 12€. The data of one additional participant were excluded
due to error rates larger than 30%. For all remaining participants, more than 50% of their
probe trials remained after trial exclusions. An additional participant was recruited in

place of the excluded participant.
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Stimuli, apparatus, design, and procedure. Stimuli and apparatus were the same
as in Experiment 2 with the exception that four frame colours (blue — orange, red — green)
were used. One of the colour pairs was assigned to the truth and lie context and one of
the colours only appeared during prime trials, whereas the other colour only appeared
during probe trials. Colour mappings were counterbalanced across participants. Again,
participants completed 32 blocks per block type and 64 trials per condition.

Results

Prime responses. Response omissions (0.4%) were excluded from all analyses and
trials with erroneous responses (12.9%) as well as outliers (1.1%) were excluded from
RT analyses. RTs and error rates were then subjected to paired t-tests comparing honest
and dishonest responses. Again, we found that lying was associated with significantly
increased RTs, t(43) = 13.18, p <.001, d; = 1.99, as well as error rates, t(43) = 8.13, p <
.001, d; = 1.23, as compared to truth-telling (see Figure 5).

Probe responses. Participants on average omitted 0.4% of the probe trials and
committed errors on 10.4% of the probe trials. Response omissions were excluded from
all analyses and erroneous responses as well as outliers (0.9%) were additionally
excluded from RT analyses. In addition, probe trials with errors or response omissions in
the corresponding prime trials were excluded from all analyses. On average, 21.7% of
the probe trials were excluded from RT analysis due to these criteria.

Like in Experiment 2, RTs and error rates were subjected to 2 x 2 x 2 repeated
measures ANOVAs with the factors prime context, response sequence, and context
sequence. Paired t-tests were subsequently used to assess significant two-way
interactions.

RTs. We replicated the main effect of prime context, F(1,43) = 68.27, p < .001, #p? =
.61, with participants exhibiting longer RTs when having lied during prime trials rather

than having told the truth during prime trials (see Figure 5A). The main effect of context
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sequence reached significance, F(1,43) = 26.68, p < .001, ;,®> = .38. Context switches
were associated with longer RTs in comparison to context repetitions. The main effect of
response sequence failed to reach significance, F(1,43) = 3.66, p = .062, > = .08.
Moreover, prime context and context sequence significantly interacted, F(1,43) = 179.05,
p < .001, 5, = .81. Subsequent paired t-tests showed that, when the context repeated,
participants responded faster when they had told the truth rather than lied during the
prime, t(43) = 13.61, p < .001, d; = 2.05. Conversely, however, after a context switch,
participants were faster when they had lied rather than told the truth during the prime,
t(43) =-9.29, p <.001, d; = 1.40. The interaction between context sequence and response
sequence reached significance, F(1,43) = 14.63, p < .001, #y> = .25. Paired t-tests
conducted separately for context repetitions and context switches revealed that response
switches were associated with increased RTs as compared to response repetitions only
when the context repeated, t(43) = 4.01, p < .001, d, = 0.60, but not when the context
switched, t(43) = -1.41, p = .167, d, = 0.21. Finally, the interaction of prime context and
response sequence, F(1,43) = 2.91, p = .095, 5% = .06, as well as the three-way interaction
between prime context, context sequence, and response sequence, F < 1, failed to reach
significance.

PEs. The main effects of prime context, F(1,43) = 14.64, p < .001, 7, = .25, and
context sequence, F(1,43) = 10.63, p = .002, 5,2 = .20, reached significance (see Figure
5B). Participants committed more errors when they had lied during prime trials rather
than told the truth. Furthermore, participants committed more errors after context
switches as compared to context repetitions. The main effect of response sequence did
not reach significance, F < 1. Furthermore, prime context and context sequence
significantly interacted, F(1,43) = 35.53, p < .001, #p? = .45. When the context repeated,
participants committed more errors when having lied rather than told the truth during the

corresponding prime, t(43) = 7.15, p < .001, d; = 1.08. When the context switched, the
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pattern was reversed and participants committed more errors when they had told the truth
rather than lied during the prime, t(43) = -2.58, p = .013, d; = 0.39. Additionally, the
interaction of prime context and response sequence was significant, F(1,43) =9.17, p =
.004, 5,2 = .18. When participants had lied in the corresponding prime, they committed
significantly more errors when responses switched between item-specific prime and
probe, t(43) = 2.29, p = .027, d, = 0.34. In contrast, when participants had responded
honestly during primes, there was no significant difference in the error rates between
response repetitions and response switches, t(43) = -1.37, p = .179, d; = 0.21. The
interaction of context sequence and response sequence, F(1,43) = 3.63, p = .063, 7> =
.08, and the three-way interaction of prime context, context sequence, and response
sequence, F < 1, did not reach significance.
Discussion

Experiment 3 replicated the finding of Experiment 2 that response repetitions as
compared to response switches were only associated with performance benefits when the
intentional context repeated from prime to probe. This rules out the alternative
explanation that participants had associated the frame colours indicating the intentional
context with the stimuli and responses. Thus, we conclude that participants, in a
hierarchical fashion, associated stimuli with an intentional context and only via the
intentional context with the motor response (i.e., stimulus — context — response
association). Response retrieval took place only when the intentional context repeated
between the prime and probe instance of an item, but not when the intentional context
switched.

General Discussion

We used an item-specific priming paradigm to investigate the contribution of
context-specific S-R associations to repeated truth-telling and lying. In line with

theories of behavioral automatization (e.g., Logan, 1988; Hommel, 2004), single-trial



BINDING LIES 27

co-occurrence of stimuli and responses in close temporal proximity was sufficient to
bind responses (i.e., motor outputs that signaled a specific honest or dishonest semantic
content) to stimuli, allowing for automatic response retrieval upon re-encountering the
stimulus. Importantly, S-R associations were retrieved automatically only when the
context repeated but not when the context switched between prime and probe.

In Experiment 1, we only varied the prime context and had participants respond
honestly in the probe. Thus, participants might alternatively not have formed S-R
associations when lying. This alternative explanation could be ruled out with
Experiments 2 and 3 that systematically varied prime and probe context and showed the
same pattern of context-specific S-R retrieval both when participants had lied during
the prime trial and when participants had told the truth during the prime trial.
Furthermore, Experiment 3 ruled out that participants used visual features indicating
the intentional contexts by introducing a change in frame colour both for context
repetitions and for context switches.

Top-down control over S-R retrieval via intentional contexts

These findings suggest that top-down processes such as the intention to lie or tell
the truth in response to a stimulus modulate automatic, bottom-up retrieval of S-R
associations?. Our findings indicate that top-down intentional sets can create a context
that is incorporated into an interdependent stimulus-context-response association. This
association allows for context-specific S-R retrieval and thus increases behavioral

flexibility by allowing humans to benefit from prior learning history with one

2 Please note that we could not implement all aspects of real-life lying in the present
experiment. As such, the central aspect of lying that mainly determines the intentional
context of lying in the present experiments is the negation of the honest response. We
will discuss the implications of the present findings for research on lying in a later
section.
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intentional context without incurring costs when later responding to the same stimulus
in another intentional context.

The reported findings fit well with recent ideas on how top-down processes affect
automatic retrieval (Waszak et al., 2013). Re-instructed stimuli (that were subsequently
only used as distractors) in contrast to stimuli that just did not appear as targets any
more did not yield task-rule congruency effects. One possible interpretation of this
finding is that top-down processes such as intentionally formed task sets or intentional
task set negations may control automatic retrieval (cf. Henson et al., 2014). However,
the study of Waszak et al. (2013), cannot directly assess whether S-R associations were
only retrieved when they concurred with currently valid S-R mappings. That is, Waszak
et al. (2013) cannot directly examine whether supraordinate intentions inhibited or
possibly reversed previously formed S-R associations. Alternatively, the absence of
task-rule congruency effects for re-instructed S-R mappings could have occurred,
because the previously practiced S-R mapping and the currently instructed S-R
mapping (i.e., a corresponding prepared reflex) exerted opposing effect, yielding an
overall influence of zero. In this case, the effect would have been caused by bottom-up
processes alone - except for the intention to encode and apply the instructed S-R
mapping. That is, if one assumes that this intention is necessary for instruction-based
effects to occur (see e.g., Meiran, Cole, & Braver, 2012; but see e.g., Liefooghe & De
Houwer, 2018; Pfeuffer et al., 2017, for some evidence of the contrary).

In contrast to Waszak et al. (2013), we did not re-instruct S-R mappings after a
number of blocks to indirectly assess top-down processes. Instead we directly
manipulated participants” supraordinate task-related intentions regarding stimulus
classification. If one were to describe our study in terms of the framing of Waszak et al.
(2013), intentional contexts made participants use either the usual stimulus-

classification mapping (e.g., apple — small) or its negation during dishonest responding
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(e.g., apple — large). S-R mappings in our study in contrast to the study of Waszak et al.
(2013) were not instructed to be applied consistently within a part of the experiment,
but varied from trial to trial with changes in the task cue. That is, S-R mappings could
not be predicted. This further supported the application of supraordinate intentional
contexts (i.e., top-down processes) instead of bottom-up processes, as participants
could not prepare responses item-specifically, but had to infer them on a trial-by-trial
basis. Thus, the present study is the first to provide direct evidence for a top-down
control over S-R retrieval based on intentional contexts. Additionally, whereas Waszak
et al. (2013) assume top-down control over the retrieval or non-retrieval of S-R
associations themselves, we suggest that intentional context that specify how to
perform the same classification task also determine the retrieval of S-R (i.e., stimulus-
motor output) associations independent from the provided classification (i.e.,
small/large).

A possible challenge for such a top-down modulation of automatic S-R retrieval
may arise, however, when there are more than two contexts that need to be associated
to a certain stimulus. As indicated by previous findings (Koranyi et al., 2015),
participants readily classify a context as either honest or dishonest and can retrieve this
information later on. This mechanism will perform well for closed questions as used in
the present design, because a dishonest context also comes with a specific response
(i.e., the opposite of the honest response in the present setting). For dishonest responses
to open questions, by contrast, it is conceivable that there are different lies that have
been told on different occasions. For instance, the question “What did you do last
night?” can be responded to with the honest answer (e.g., “I’ve been playing computer
games.”) and, importantly, with different dishonest answers (e.g., “I’ve been reading a
book.”, “’I’ve been to the gym.”, “I was visiting some friends.”). These situations likely

pose stronger difficulty to context-dependent retrieval of S-R associations than the
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situations tested in the present experiment and thus represent an informative scenario
for future investigation.

Furthermore, in the present experiments stimuli were always task-relevant. It would
be interesting to see whether intentional contexts also control the retrieval of
associations incorporating task-irrelevant stimuli. This could be tested by assessing not
only target-response bindings, but by presenting additional distractors and assessing
distractor-response bindings (see e.g., Frings & Rothermund, 2011; Giesen &
Rothermund, 2014) in the present paradigm.

The impact of intentional contexts in comparison to task sets

We previously discussed whether S-R retrieval might have been affected by
repetitions/switches in a stimulus” classification associated with the manipulation of
repetitions/switches in intentional context. Our results clearly indicate that intentional
contexts differ from task sets. Here, a number of recent studies provided evidence for
independent associations between stimuli and (task-specific) classifications and stimuli
and motor outputs (e.g., Horner & Henson, 2009; Moutsopoulou et al., 2015; Pfeuffer,
et al., 2017). This pattern of results is the opposite of the interdependent associations
between stimulus, intentional context, and response we observed. Crucially, this cannot
only be attributed to previous studies using two distinct (task-specific) classifications
that did not rule each other out like small and mechanic. For instance, Horner and
Henson (2009) used changes in a size referent to vary size classification. As such, in
their study, participants also sometimes classified the same stimulus as small in one
part of the experiment and as large in another part of the experiment.

Thus, differences between previous studies and the present experiments support the
idea that a switch in intentional context (i.e., from truth-telling to lying or vice versa) is
distinctly different from a switch in stimulus classification (i.e., from small to

mechanic). The present study therefore argues that intentions like lying and truth-telling
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are not the same as two different classification tasks. Whereas supraordinate intentions
lead to hierarchical and interdependent S-R associations (i.e., stimulus — context —
response), different classification tasks do not yield hierarchical associative structures.

Interestingly, our findings are, however, similar to item-unspecific effects observed
in task switching studies in which transitions from trial N-1 to trial N were assessed.
There, participants typically respond faster for response repetitions than response
switches when the task repeats on two consecutive trials (i.e., from trial N-1 to trial N;
e.g., Druey & Hibner, 2008 a, b; Hibner & Druey, 2006, 2008; Koch, Schuch, Vu, &
Proctor, 2011; Rogers & Monsell, 1995; Schuch & Koch, 2004; Steinhauser, Hibner,
& Druey, 2009; see also Kiesel, Steinhauser, Wendt, Falkenstein, Jost, Philipp, &
Koch, 2010, for a review on task switching addressing this aspect). However, when the
task switches there is no or even a reversed effect and participants tend to respond
slower for response repetitions than for response switches. This might indicate that
response repetition benefits in task switching studies could at least partly result from
remaining transient activation of intentional contexts associated with preceding tasks.
In turn, our findings additionally indicate that such transient activation from intentional
contexts may be interdependently bound to a stimulus.

As mentioned earlier, switching tasks from lying to truth-telling from one trial to
the next is more difficult than repeatedly responding with the same intention (Debey et
al., 2014; Foerster et al., 2017). The present findings suggest that automatic response
tendencies in terms of S-R associations do not contribute to these switch costs. Our
results clearly indicate that both honest and dishonest responses are retrieved
automatically only within the same intentional context. Thus, our findings converge
with prior studies suggesting that a prime candidate that underlies switching costs in
this context is the interference between succeeding intentional contexts (Debey et al.,

2014; Foerster et al., 2017).
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The Relevance of the Present Findings for Research on Lying

As previously mentioned, in the present study we could not assess all real-life
aspects of lie-telling (e.g., the deceptive intention). Instead, we focused on one central
aspect occurring during lying, namely the activation and inhibition of the honest
response. Thus, at present we cannot determine whether other aspects of lying could
also constitute what we have termed an intentional context and how these aspects
would affect the pattern of results. Future studies should try to replicate our findings in
more realistic lying scenarios to provide further information on the validity of the
present findings for real-life lying. Additionally, it would be interesting to compare
further intentional contexts to determine whether the present findings are specific to
(aspects of) lying and truth-telling. As previously discussed in the context of research
on task switching, we would assume that this is not the case. Lying and truth-telling are
just two exceptionally clear real-life examples of distinct intentional contexts.

Although the present context-specific retrieval of S-R associations may not be
specific to lying, our findings clearly indicate that it is an important aspect that enables
real-life lying. Without this context-specificity, previous honest/dishonest responses
would severely impair responding in the opposite context and we would be unable to
effectively lie about things we usually told the truth about in the past when promoted to
do so. Not only would our delayed responses provide cues to our interaction partners,
but the retrieval of the previously given honest response would lead to frequent,
accidental honest responses.

Apart from highlighting the context-specific nature of lying and truth-telling, our
findings provide direct evidence that the honest classification is inhibited when lying
(see e.g., Debey et al., 2014; Walczyk et al., 2003, 2014, for the idea that the lying
entails the inhibition of the honest response). This is evident in increased performance

benefits for probe lying as compared to prime lying in blocks with switches in the
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intentional context as compared to repetitions. Here, our findings do not only support
the idea that the honest classification is inhibited in the prime, but further indicate that
associations formed between stimuli and (honest and/or dishonest) classifications in the
prime contain an additional inhibitory tag, impairing the retrieval of the associated
classification in a later probe instance of the same stimulus. At present, on the basis of
our data we cannot determine whether stimuli are associated with the honest or
dishonest classification in the prime. Both an inhibition of the honest and of the
dishonest classification would similarly impair probe performance in lie-lie blocks
relative to truth-lie blocks. However, as our findings suggest that the respective
stimulus-classification association contains an inhibitory aspect, it would be reasonable
to assume that it is the honest classification that becomes associated with a stimulus
during lying.
Conclusions

Overall, our findings suggest that humans do not only store information about
previous intentional contexts in memory (Koranyi et al., 2015), but use it to retrieve
responses context-specifically. These findings do not only reveal the associative
foundations of lying, but are also informative for theories of associative learning in
general. The hierarchical organization of S-R associations ensures that only those
responses fitting the current intentional context are retrieved, whereas currently
irrelevant and inadequate responses are not automatically retrieved upon stimulus re-
encounter. Thus, the present studies highlight a central mechanism that allows for
efficient intention-based, context-specific S-R retrieval. The suggested context-specific
retrieval of responses based on intentional contexts might also add to the current
discussion of an associative learning framework for cognitive control (Abrahamse et
al., 2016), suggesting that intentional sets can be used for context-specific response

retrieval. Future research should aim to further explore the role of intentional sets, that



BINDING LIES 34

is, top-down components, in associative learning and extend the present findings to

further domains.

The data of the reported experiments as well as experiment files and syntaxes are
available via the Open Science Framework: https://osf.io/cx269/; DOI:

10.17605/0OSF.10/CX269
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(truth-truth vs. lie-truth) and Experiment 2 and 3 (truth-truth vs. lie-truth vs. lie-lie vs.
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lie-truth) as well as the structure of individual (truth or lie) trials. A colored frame

(1000 ms; two colours per intentional context in Experiment 3) indicated the current

truth-lie context and a cue (700 ms) instructed the classification-response mapping. The

cue was followed by the object image (until response, maximum 2000 ms). Inaccurate

classifications (inappropriate classifications during truth trials or accidentally

appropriate classification during lie trials) as well as response omissions were followed

by appropriate feedback (500 ms). Each item appeared once as a prime and once as a

probe (2-7 trials after the prime).
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Experiments 2 and 3. Independent of the current context (truth vs. lie), response
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Appendix:
Prime-probe comparisons for Experiments 2 and 3

As mentioned in the Discussion of Experiment 2, when the context repeated
between prime and probe, the classification participants provided also repeated,
whereas it switched when the context switched. For example, a car was categorized as
large in the prime trial as well as in the probe trial when the honest context repeated and
two times as small when the dishonest context repeated. In contrast, the correct
classification of the car switched from large to small or from small to large when the
intentional context switched between prime and probe. Our previous analyses do not
provide any information on whether this repetition/switch in classification might also
(partly) account for the pattern of results we observed.

A comparison with experiments assessing item-specific switches between two
classification tasks that also entail a switch in classification between prime and probe
(e.g., Giesen & Rothermund, 2016; Horner & Henson, 2009; Moutsopoulou et al.,
2015; Pfeuffer et al., 2017) suggests that repetitions/switches in classification cannot
account for the present findings regarding context-specific S-R retrieval. Specifically,
in these experiments, it has consistently been found that each stimulus became
independently associated with the action a participant performed to classify it (S-A
association) and its task-specific semantic classification (S-C association). That is, costs
associated with switches in the S-C and S-A mapping were additive and there was no
interaction that would have indicated an interdependent association between stimulus,
classification, and action. Thus, as the retrieval of S-A associations is unaffected by
repetitions/switches in classification, these studies suggest that differences in S-A
retrieval effects between conditions cannot be accounted for by assuming an influence

of repetitions/switches in classification.
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Inspired by a study by Osman, Channon, and Fitzpatrick (2009), here we will report
an additional post-hoc analysis of the data of Experiments 2 and 3 that supports the
conclusion that the context-specific S-R retrieval we observed in the probe did not
occur due to repetitions/switches in classification. This analysis also provides further
information on the associative foundations of lying versus truth-telling.

Osman et al. (2009) found that when participants first responded dishonestly and
then honestly to the same set of questions, RTs did not differ between honest responses
that participants provided for questions they had initially lied to and first-time honest
responses to a different set of questions. Having lied to a question thus does not seem to
affect later honest responding, supporting our notion that responses are not retrieved
automatically when switching between an honest and dishonest mindset. However,
participants” RTs for first-time honest responses to questions they had responded to
dishonestly before could have been influenced by the change in the given answer. Thus,
these findings cannot provide conclusive evidence regarding the context-specific
retrieval of S-R associations.

This alternative explanation, indicating that the change of the answer participants
gave could have influenced the results of Osman et al. (2009), is based on the logic that,
in case a stimulus has previously been associated with a semantic classification, RTs
should be slower when the semantic classification a person is supposed to provide for a
stimulus changes. Applying this logic, in the present study we can use RT and error rate
differences between prime and probe trials to assess the impact of repetitions/switches
in classification between prime and probe on probe performance.

Additionally, such an analysis can ideally provide further evidence for the notion
that the context-specific S-R (S-A) retrieval effects we observed were not influenced by
repetitions/switches in classification between the prime and probe of a stimulus. That

is, in our previously reported probe analyses, we found the same pattern of context-



BINDING LIES 49

specific S-R retrieval effects for both the honest and dishonest intentional context.
Regarding the additional analyses of performance differences between prime and probe
trials, indicating the influence of repetitions/switches in classification per se, two
patterns of results are possible for the two intentional contexts. If prime-probe RT and
error rate differences for honest and dishonest responses were similarly affected by
context repetitions/switches, this might indicate that classification repetitions/switches
between prime and probe had an impact on S-R (S-A) retrieval. At least it would not
allow us to rule out such an influence. However, if, conversely, prime-probe RT and
error rate differences for honest and dishonest responses were differently affected by
context repetitions/switches, this would provide further tentative support for our
hypothesis that classification repetitions/switches did not affect context-specific S-R
retrieval in the probe. That is, context-specific S-R retrieval patterns in the probe were
equivalent for honest and dishonest contexts. Thus, if repetitions/switches in
classification were (partly) responsible for this pattern of results, the effects of
repetitions/switches in classification on honest and dishonest probe responses (i.e., the
performance differences between prime and probe) would also have to be similar for
the two intentional contexts. Conversely, if we found differences between the two
intentional contexts regarding the impact of classification repetitions/switches, this
would further support the notion that repetitions/switches in classification between
prime and probe cannot account for the context-specific S-R retrieval effects we
observed.

Results. Per participant, we computed difference measures for RTs and error rates
as prime mean minus probe mean separately for the two prime/probe contexts (truth vs.
lie) and the two context sequences (context repetition vs. context switch). Differences
were computed by subtracting the individual RT/error rate of the probe context (truth

vs. lie) from the RT/error rate of the same prime context (truth vs. lie) independent
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from the probe context that followed it in the experiment (€.9., ARTryth context repetition

= RTprime truth—(truth/lie) =~ RTprobe truth—truth: ARTiryth,context switch =

RTprime truth—(truth/lie) ~ RTprobe lie-truth)- That is, the reported prime-probe
differences always constituted differences between equivalent prime and probe contexts
(i.e., between prime truth and probe truth or between prime lie and probe lie)
irrespective of whether the respective honest/dishonest prime trial was presented in the
same block as the probe trial. Prime truth/lie averages were computed irrespective of
the probe context of a block. Prime-probe differences were then analyzed with respect
to whether the probe data stemmed from a context repetition (i.e., truth-truth or lie-lie)
or a context switch (i.e., truth-lie or lie-truth) block. We conducted 2 x 2 repeated
measures ANOVAs with the factors probe context (truth vs. lie) and context sequence
(context repetition vs. context switch) on the prime-probe RT and error rate differences
of Experiments 2 and 3 (see Figure Al).

Experiment 2. In RTs, we found a main effect of probe context, F(1,23) =8.13,p =
.009, #p2 = .26. RT decreases from prime to probe were more pronounced for probe
honest as compared to probe dishonest responses. Furthermore, the interaction between
probe context and context sequence was significant, F(1,23) = 36.67, p <.001, p? =
.62. Paired t-tests further examining this interaction showed that, when participants
responded honestly in the probe, RT decreases from prime to probe were significantly
smaller when the context (i.e., the stimulus classification) switched rather than
repeated, t(23) = 4.73, p <.001, d; = 0.97. Conversely, when participants responded
dishonestly, prime-probe RT differences increased when the context (i.e., the stimulus
classification) switched as compared to when the context repeated, t(23) =-2.28, p =
.033, d; =-0.46. The main effect of context sequence failed to reach significance,

F(1,23) = 1.26, p = .273, 5,2 = .05.
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In participants” error rates, only the interaction of probe context and context
sequence was significant, F(1,23) = 10.64, p = .003, #p = .32. For honest probe
responses, prime-probe error rate differences were larger when the context (i.e., the
stimulus classification) repeated rather than switched, t(23) = 3.18, p = .004, d, = 0.65.
For dishonest probe responses, prime-probe error rate differences were larger when the
context (i.e., the stimulus classification) switched rather than repeated, t(23) = -2.16, p
= .041, d, = -0.44. The main effects of context, F(1,23) = 2.02, p = .169, 5> = .08, and
context sequence, F(1,23) = 1.56, p = .225, 7, = .06, failed to reach significance.

Experiment 3. Participants” prime-probe RT differences showed significant main
effects of both probe context, F(1,43) = 7.91, p = .007, 5> = .16, and context sequence,
F(1,43) = 25.29, p <.001, 5p? = .37. Participants showed larger prime-probe RT
differences when responding dishonestly rather than honestly and for context (i.e.,
stimulus classification) repetitions rather than context (i.e., stimulus classification)
switches. Most importantly, the interaction of probe context and context sequence also
reached significance, F(1,43) = 72.77, p < .001, 5% = .63. For honest probe responses,
prime-probe RT differences were larger when the context (i.e., the stimulus
classification) repeated rather than switched, t(43) = 10.21, p <.001, d, = 1.54.
Conversely, for dishonest probe responses, prime-probe RT differences were larger
when the context (i.e., the stimulus classification) switched rather than repeated, t(43) =
-2.05, p = .047, d, = -0.31.

Similarly, participants” prime-probe error rate differences showed main effects of
probe context, F(1,43) = 11.10, p = .002, #p? = .21, and context sequence, F(1,43) =
13.75, p = .001, #p? = .24. Error rate differences were larger for dishonest rather than
honest probe response and for context (i.e., the stimulus classification) repetitions
rather than context switches. Again, the interaction of probe context and context

sequence was significant, F(1,43) = 14.76, p < .001, 5> = .26. For honest probe
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responses, participants” prime-probe error rate differences were larger when the context
(i.e., the stimulus classification) repeated rather than switched, t(43) = 5.58, p <.001, d;
= 0.84. For dishonest probe responses, there was no significant difference, t(43) = -
0.35, p =.731, d, =-0.05.

Discussion. Our post-hoc prime-probe comparison analysis of Experiments 2 and 3
provided further tentative evidence against an influence of repetitions/switches in
classification between prime and probe on the observed context-specific retrieval of
item-specific S-R associations. Context repetitions/switches similarly affected S-R
retrieval effects in the probe trials irrespective of whether participants were responding
honestly or dishonestly. However, prime-probe performance differences, reflecting
probe performance costs associated with context (i.e., classification) switches, showed
opposing patterns for honest and dishonest responses. This indicates that switches in
classification affected honest and dishonest probe responses differently.® As
repetitions/switches in classification had opposing effects on performance depending on
whether participants were in an honest or dishonest intentional context,
repetitions/switches in classification could not conceivably have simultaneously led to
the same pattern of results for honest and dishonest responses in the probe. Thus, we
conclude that switches in classification between prime and probe could not have caused
the observed pattern of results in the probe.

Our analysis thus further corroborates our comparative assessment of the present

findings in contrast to studies of Giesen and Rothermund (2016), Horner and Henson

% Please note that probe response means were subtracted from prime response means in
the same intentional context to compute prime-probe performance differences. As such,
smaller/larger prime-probe differences for context repetitions/switches reflect not only
how the prime-probe differences were affected. They simultaneously reflect how the
probe responses of one intentional context (honest/dishonest) were affected by context
repetitions/switches, as the same honest/dishonest prime trials were used for reference
both for context repetitions and context switches.
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(2009), Moutsopoulou et al. (2015), and Pfeuffer et al. (2017). It indicates that a switch
between the intentional contexts of lying and truth-telling is distinctly different from
the switch between two classification tasks. Additionally, this further supports previous
findings suggesting that classifications are associated with stimuli independent from
responses (e.g., Giesen & Rothermund, 2016; Horner & Henson, 2009; Moutsopoulou
et al., 2015; Pfeuffer et al., 2017).

Furthermore, we observed that when the context switched from prime to probe,
participants” performance improved more for the lie-truth than the truth-lie prime-probe
context combination. This finding is remarkable given that lying as compared to truth-
telling is associated with costs and participants should therefore have benefited less
when they had to lie in the probe. Yet, it has been suggested that lying is accompanied
by the inhibition of the honest response (e.g., Walczyk et al., 2014; Walczyk, Roper,
Seemann, & Humphrey, 2003). Indeed, an item-specific inhibition of the honest
response (i.e., the appropriate size classification) during the prime trial when S-R
associations are formed could account for the observed result pattern. If participants
inhibited the honest classification of an object during the prime, classifications may
have been bound to the stimulus with an inhibitory tag (see e.g., Giesen & Rothermund,
2013; Verbruggen & Logan, 2008, for evidence that inhibitory STOP tags can be bound
to S-R bindings/associations). That is, in case participants experienced first the lie and
then the truth context, during a dishonest prime response, the honest classification
would have been associated with an inhibitory tag. This could have led to increased
reaction times and error rates in the subsequent honest probe trial when the honest
classification had to be retrieved. Conversely, when participants classified objects in
truth-lie blocks, neither the honest nor dishonest response became associated with an
inhibitory tag in the prime, leading to overall larger performance benefits in the probe

compared to lie-truth blocks. As such, our findings additionally provide further direct
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evidence for the theoretical assumption that the honest answer becomes inhibited when

we lie.
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Figure Al. A and C) RT and B and D) error rate differences between prime and probe
trials (ART = RTppime - RTprope) iN EXperiments 2 (A and B) and 3 (C and D)
displayed separately for the two probe contexts (truth vs. lie) and the two context
sequences (context repetition vs. context switch). Differences were computed by
subtracting the RT/error rate of the probe context (truth vs. lie) from the RT/error rate
of the same prime context (truth vs. lie) independent from the probe context it was

associated with (e.g., ARTtruth,context repetition = RTPrime truth—(truth/lie) ~

RTProbe truth—truth)-



