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Abstract

How actions are chosen, and what they are influenced by, has been the focus of several research traditions. Influences on
actions are often studied using compatibility paradigms, such as response priming. Here, a first stimulus (i.e., the prime) is
presented shortly before a second stimulus (i.e., the target) which has to be classified. Reaction times to the target are often
reduced when primes and targets are compatible compared to incompatible primes and targets—i.e., a positive compatibility
effect (PCE). There are, however, some conditions in which reliably negative compatibility effects (NCEs), with faster reac-
tions to incompatible targets, are found. Actions in real life are often influenced by perceived motion and are less determined
by following (target) stimuli as it is the case in typical response priming studies with predetermined stimulus—response map-
pings. Thus, in the current experiment we used motion primes in forced-choice trials (with >> and << as targets) as well
as in free-choice trials (with <> and >< as targets). Essentially, we found PCEs in the short-SOA condition and NCEs in
the long-SOA condition. The pattern was not qualified by task (i.e., forced choice/free choice). The results provide evidence
that NCEs with motion primes are found even without strong links between target stimuli and responses and that especially
PCEs can be found with simpler and smaller targets than have been used in previous experiments.

Keywords Response priming - Motion perception - Forced-choice - Free-choice - Inhibition - Negative compatibility effects

Introduction responses (i.e., they are incompatible, incongruent, or incon-
sistent). One successful paradigm for studying influences (or
pre-activations) of previous stimuli on responses to a current

target is the response priming paradigm.

How actions are chosen, and what they are influenced by,
has been the focus of several research traditions, from basic
research on cognition (see below) to applied sciences, such

as research on purchasing choices and consumer behavior.
Influences on actions are often studied using compatibility
paradigms. Participants are required to respond to a tar-
get stimulus or a target feature while ignoring preceding
or simultaneously presented irrelevant stimuli or stimulus
features (i.e., primes or distracters). Targets and primes/
distracters either call for the same response (i.e., they are
compatible, congruent, or consistent), or call for different
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Response priming

In response priming, a first stimulus (i.e., the prime) is
presented shortly before a second stimulus (i.e., the target)
which has to be classified. Reaction times (RTs) to the tar-
get are often reduced when primes and targets are compat-
ible compared to incompatible primes and targets—i.e., a
positive compatibility effect (PCE; for a review see Schmidt
et al. 201 1a; for a review on mechanisms of response prim-
ing see Kiesel et al. 2007). However, there are some con-
ditions in which reliably negative compatibility effects
(NCEs), with faster reactions to incompatible targets, are
found, for example with masked primes and longer stimulus
onset asynchronies (typically, SOAs above 200 ms) between
prime and target (e.g., Eimer and Schlaghecken 2002, 2003).
Schlaghecken et al. (2006) argued that NCEs (with masked
primes) reflect an inhibition mechanism in low-level motor
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control; however, there is a continuing debate as to whether
this pattern of effects is a result of (such) motor, central
(e.g., attentional), or perceptual (e.g., object updating)
mechanisms and how many processes (e.g., self-inhibition,
mask-triggered inhibition, object updating, counting pro-
cesses within different “evaluation windows” accumulating
evidence for one stimulus/category/response, attentional
processes) contribute to this effect (e.g., Cole and Kuhn
2010; Klauer and Dittrich 2010; Lleras and Enns 2004; Ver-
leger et al. 2004; for reviews see Kiesel et al. 2007, 2008).
Additionally, NCEs can be the consequence of bottom-up or
top-down influences (e.g., Schmidt et al. 2015). The most
common current view seems to be that several processes
contribute to NCEs, perhaps to different extents in different
situations, tasks, conditions, and so on (see, for example,
Kriiger et al. 2013).

An example of evidence for the multiple-processes view
comes from a nice recent experiment by Liu and Wang
(2014). In their experiment, the authors used digital num-
bers as primes, masks, and targets. The primes/targets
were the digital numbers 1 and 3, or 2 and 4. The mask
was always the digital number 8. The key here was that the
numbers were presented in such a way that combining 1 and
3 resulted in 8. Thus, when 1 was masked by 8, the new (i.e.,
added) information was 3, and vice versa. In these cases,
during the prime—mask sequence, the perceptual information
was updated by another piece of meaningful information
(i.e., another number), and further, the new information in
these cases was associated with another response. In con-
trast, when 2 or 4 was masked by 8, the added information
did not result in another number; thus, this update was not
associated with any response. In utilizing these facts, the
authors showed that a NCE occurred earlier when the mask
added exactly those elements to the prime which call for the
non-primed response compared to trials in which the new
information was not associated with any response. This is
evidence that object updating—or the process by which the
mental representation of individual objects is updated over
time under the influence of new information (Lleras and
Enns 2004)—contributes to the NCE. Further, depending
on training (and thus the strength of S—R links of stimuli
and requested response), the NCE primarily originates more
from object updating, a perceptual-level process, or more
from automatic motor inhibition, a motor-level process.

Free-choice priming

Response priming—as introduced above—has mainly
been investigated using shape (e.g., arrows or diamonds vs.
circles) or color stimuli (e.g., red vs. green dots). Often,
simple arrows (< or >) or double arrows (<< or >>) are
used as primes and targets (e.g., Eimer and Schlaghecken
2002). In the standard case of response priming, as in most
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other compatibility paradigms, participants are requested to
respond with one reaction (e.g., “press X key”) to stimulus
1 and with another reaction (e.g., “press Y key”) to stimu-
lus 2 (i.e., forced choice). Shortly after the novel result of
NCEs in response priming with masked static primes, there
evolved a variant which combined the priming procedure
with a free-choice task. (Free-choice tasks were originally
introduced by Berlyne 1957.) That is, participants could
freely choose which of two buttons they want to press in
response to a target. For these free-choice trials, the targets
to which the response has to be made are often ambiguous,
or at least in no manner related to one of the two buttons,
responses, or directions. For example, a circle (Schlaghecken
et al. 2009), the number zero (Kiesel et al. 2006), a diamond
(Klapp and Hinkley 2002), a hash tag (Ocampo 2015), or
bidirectional arrows (most often <>, e.g., Bodner and Mulji
2010; O’Connor and Neill 2011; Schlaghecken and Eimer
2004; or block arrows pointing in each direction, e.g., Par-
kinson and Haggard 2014) are used as (go) stimuli for free-
choice responses.

The consistent finding with free-choice priming is that
it in most cases closely resembles the pattern found with
forced choices. That is, when a PCE is found with forced
choices there are also faster and/or more prime-congruent
button presses with free choices, and vice versa with a NCE
and incongruent responses. Free-choice priming effects are
found especially with high proportions of compatible tri-
als in forced-choice trials (Bodner and Mulji 2010) and are
larger with directional than arbitrary stimuli (e.g., Mattler
and Palmer 2012), which matches findings of forced-choice
priming effects that are larger when S—R links are more
established. Free-choice priming effects are even found
with go/no-go tasks (e.g., Parkinson and Haggard 2014;
Schlaghecken et al. 2009), primes which are not used as
targets (Ocampo 2015), spatial location primes (Mattler and
Palmer 2012), and also if the response mapping is contrary
to the usual mapping (i.e., left/right responses are mapped to
right/left pointing arrows; O’Connor and Neill 2011). How-
ever, free-choice priming depends on context or task set:
First, it can only be found in experimental blocks in which
free-choice trials are interspersed into forced-choice trials
(Klapp and Haas 2005; Schlaghecken and Eimer 2004); sec-
ond, it can be found if the local context, i.e., the preceding
trial, is compatible even in a global context with a low num-
ber of compatible forced-choice trials (Bodner and Mulji
2010). Further, there are some reports of positive correla-
tions between forced-choice and free-choice priming effects.
Even for response priming research, this is interpreted as
evidence that the two forms have a common origin (Bodner
and Mulji 2010; Klapp and Hinkley 2002; Ocampo 2015).

Taken together, the results of free-choice priming studies
with masked static primes show that our actions are influ-
enced by (subliminal) primes even when we can choose our
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responses freely. The influences can be either facilitative
(PCE) or detrimental (NCE). Influences on forced choices
as well as on free choices, however, depend on context, with
effects being larger when the S-R strength between prime
and response is high.

Motion

The question as to “what influences our actions” is closely
connected with a core element of human information pro-
cessing, that is, the ability to adjust ongoing activity to the
changing environment (e.g., Burle et al. 2005). Chang-
ing environments often contain various kinds of motions.
Some of them are more important than others. The crux
is to quickly decide between important and less important
information, and to quickly adapt own actions to the chang-
ing information and/or motion where applicable. The ability
to perceive and discriminate different types of motions is
vastly important for this and is even present in newborns
(e.g., Farroni et al. 2004; Simion et al. 2008). Highlighting
its importance, the special role of motion and moving things
in perception and attention has been the focus of several
research traditions (e.g., Bosbach et al. 2005; Egeth and Yan-
tis 1997; O’Craven et al. 1997; Treue and Maunsell 1996).

Although motion is highly important in guiding own
actions and influencing our behavior in everyday life, until
now it has been seldom used in response priming experi-
ments (for exceptions with somewhat uncommon versions
of response priming see Mattler and Fendrich 2007, and
Sarkheil et al. 2008). To bridge this gap, Bermeitinger
(2013) introduced a motion variant of response priming in
which moving dot rows (henceforth “row-of-dots primes”)
were used as primes for static arrow targets. In further
experiments, we tested other motion types (e.g., single dots
as primes; Bermeitinger and Wentura 2016). Similar to the
above findings with masked primes, the sign of the compat-
ibility effects crucially depended on the SOA between prime
and target when utilizing motion primes. Essentially, with
short SOAs, positive compatibility effects emerged; with
longer SOAs, we found negative compatibility effects. The
exact point of time at which the reversal from a PCE to a
NCE occurred depended on the kind of motion.

The negative compatibility effect using moving primes
(Bermeitinger 2013; Bermeitinger and Wentura 2016)
is especially noteworthy because clearly visible primes
(motion stimuli) were used without any further constraints
(i.e., there was no intervening stimulus; no further stream
of information had to be processed, e.g., Klauer and Dittrich
2010; primes did not have to be presented at a randomly
varying non-target location, e.g., Wyatt and Machado 2013).
The negative compatibility effect with motion primes was
interpreted as being evidence for some kind of counter-reg-
ulation in response to unwarranted or overshot activations,

perhaps at the motor level. The conclusion of the previous
research with motion primes is that consciously perceived
motion seems to influence our actions in a special way,
most probably by quickly activating corresponding motor
responses with the need to quickly (counter-)regulate them.
Some explanations for negative compatibility effects with
static (masked) primes can be excluded for the NCEs with
motion primes, especially those which assume that a mask or
intervening stimulus triggers an inhibitory process as there
is no such event in the experiments with motion primes.
However, the exact processes are still under debate. Further,
it is unclear in which aspects priming with motion primes
and priming with (masked) static primes are comparable.

Current research

In spite of the consistency of the findings reported above—
separate for response priming with motion primes and free-
choice priming with static masked primes—there are still
unanswered questions, especially when combining both lines
of research. First, in our previous experiments on response
priming with motion primes (Bermeitinger 2013; Hack-
laender et al. 2015; Bermeitinger and Wentura 2016; Eckert
and Bermeitinger 2016), we used rather large target arrows.
The arrows used for row-of-dots primes were approximately
3.34° visual angle (3.5 cm) in length and 0.96° visual angle
(1.0 cm) in height. For single-dot primes we already had
to change the arrows (they were approximately 2.63° vis-
ual angle, i.e., 2.75 cm, in length and 0.96° visual angle,
i.e., 1.0 cm, in height) as the original arrows would have
masked the visibility of the motion of a single moving dot
(Bermeitinger and Wentura 2016). Thus, it also could have
been that the original negative compatibility effects were
influenced by the fact that the arrows were able to reduce
the visibility of the primes by masking them (at least in
part)—they were presented after the motion primes, in part
at the same position, and with high intensity. This could have
resulted in backward masking of the primes and in (more
or less) reducing the further conscious access to them (e.g.,
Enns and Di Lollo 2000). Then, we would have a similar
situation as in the response priming studies with intention-
ally masked primes. Besides the possible problem of reduc-
ing prime visibility, the large targets can be categorized by
solely attending the tip of the arrow. If the primes are able
to shift attention (and/or eye gaze) toward the motions’ goal,
the distinguishing feature in compatible trials is closer to the
focus of attention. This might explain the faster responses
in compatible trials in short SOAs. Thus, the first aim of
the current experiment is to use the same targets as used in
previous studies (e.g., by Eimer and Schlaghecken 2002)—
that is, simple double arrows at the center of the screen for
which the problems of strong benefits due to attentional
shifts near to the arrows tip and potential issues with the
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targets masking the primes should be reduced (although not
completely eliminated).

Second, it is unclear whether the pattern found with
motion primes necessarily needs a clear pre-specified
response for the targets. Thus, the question arises: Are
(re)actions only influenced by motion primes if there are
instructed and defined motor responses for each target and
strong S-R links between a given target stimulus and its
assigned response? Or, in contrast, do we find the same pat-
tern even without such clear affordances but when subjects
could freely choose their responses to ambiguous targets
(i.e., <> or ><)? Besides the generally interesting ques-
tion (= how perceived motion influences free-choice reac-
tions), this line of research has potential theoretical implica-
tions: Without an instructed response and with ambiguous
targets, there is no conflict between prime (response) and
target (response) and accounts which explain compatibility
effects by such a conflict (cf., Botvinick et al. 2001; Schmidt
et al. 201 1b—for their rapid chase theory) might not be
applicable.

In order to investigate these two lines of questions and to
replicate and extend the pattern found with motion primes,
we simply mixed forced-choice and free-choice trials and
presented in a randomly chosen manner forced-choice and
free-choice targets after motion primes. We used simple
double arrows as targets, and SOAs for which in previ-
ous experiments a positive compatibility effect (i.e., short
SOA = 147 ms) and a negative compatibility effect (i.e.,
long SOA = 360 ms) were found. Demonstrations of the
prime motions also used in the current experiment can be
found as movie clips in the supplementary online material
to Bermeitinger and Wentura (2016).

Methods
Participants

The sample consisted of 49 students from the University of
Hildesheim. Participants had normal or corrected-to-normal
vision. They were paid for their participation or participated
in exchange for partial course credit. Informed consent was
obtained from all individual participants included in the
study. One participant from the 147-ms SOA condition
had to be excluded due to equipment failure (The refresh
rate was automatically set to 60 Hz instead of maintaining
75 Hz.) Four further participants (2 from each SOA condi-
tion) were excluded as they were outliers (more than 1.5
interquartile ranges above the third quartile) regarding the
mean error rate in the forced-choice trials (Their error rates
were between 18.75 and 43.75%.) Of the remaining partici-
pants, 21 (19 females; median age of 20 years, ranging from
18 to 31 years) were assigned to the 147-ms SOA condition
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and 23 (19 females; median age of 21 years, ranging from
19 to 26 years) to the 360-ms SOA condition.

Positive and negative compatibility effects in Ber-
meitinger (2013) were quite substantial: The positive
effect at SOA = 150/147 ms varied from d = 0.59 to 1.06
(M = 0.83) across experiments (compatibility effects in
mean RT varied from 11 to 17 ms); the negative effect at
SOA = 350/360 ms varied from d = 0.61 to 1.05 (M = 0.78)
across experiments (compatibility effects in mean RT var-
ied from — 10 to — 17 ms). With respect to the mean effect
sizes, it can be stated that the compatibility effect in our
147-ms SOA condition—if we concede its existence—can
be detected with probability 1—f = 0.80 (@ = 0.05, two-
tailed) if one uses a sample size of at least N = 14. The
corresponding effect in the 360-ms SOA condition can be
detected with 1—4 = 0.80 (a = 0.05, two-tailed) if one uses
a sample of at least N = 15, respectively. (Power calculations
were computed with G¥*Power; Faul et al. 2007.)

Design

A 3 (motion direction: rightward, leftward, neutral) x 2
(response: left, right) X 2 (task: forced choice vs. free
choice) x 2 (SOA: 147, 360 ms) design was used. The fac-
tors motion direction, response, and task were varied within
participant (please note that in the case of free-choice task,
the response was not varied but chosen by participants);
the factor SOA was varied between participants. The main
focus lies on the compatibility/congruency of motion direc-
tion and response, which were either compatible/congruent
(dots moved rightward and the right key was requested in
the case of forced-choice trials or pressed in the case of
free-choice trials; dots moved leftward and the left key was
requested/pressed), incompatible/incongruent (dots moved
rightward and left key was requested/pressed; dots moved
leftward and right key was requested/pressed), or neutral
(dots moved inward or outward). In the tradition of prim-
ing experiments, for forced-choice trials, the compatibility
effect was computed as the difference (in target RTs or error
rates) between incompatible and compatible trials; for free-
choice trials, the congruency effect was computed as the
difference (in target RTs) between prime-incongruent and
prime-congruent responses. Additionally, in free-choice tri-
als we analyzed the percentage of prime-congruent/prime-
incongruent choices.

Materials

For the forced-choice task, two non-ambiguous double
arrows, composed of two less-than or greater-than symbols,
respectively, were used as target stimuli—one pointing to
the left (<<) and one to the right (>>). For the free-choice
task, two ambiguous targets were used, consisting of one
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greater-than and one less-than symbol, respectively (i.e., ><
and <>). At a viewing distance of about 60 cm the targets
were approximately 0.67° visual angle (0.7 cm) in length
and 0.38° visual angle (0.4 cm) in height. For the primes, the
same material was used as in Bermeitinger (2013). Essen-
tially, for the prime event, there was a row of 11 black dots;
each dot was approximately 0.38° visual angle (0.4 cm) in
diameter. The whole row measured approximately 13.78°
visual angle (14.5 cm) in length; the distance from one
dot to the next dot was approximately 0.96° visual angle
(1.0 cm). The prime event started with the presentation of
the row at the center of the screen. To instantiate the move-
ment, the dots were shifted from their original position in
steps of 0.16° visual angle (0.17 cm) leftward or rightward.
After six steps, a dot had reached the original position of its
neighboring dot and the movement started again from the
screen’s center (original row position). For the compatible
and incompatible conditions, the dots (i.e., the whole row)
were moved rightward or leftward. For the neutral condi-
tions, the dots were either moved outward (i.e., the 5.5 left
dots of the row moved leftward and the 5.5 right dots of the
row moved rightward, meaning that the central dot was split
into two semicircles that drifted apart) or inward (i.e., the 5.5
left dots of the row moved rightward, and the 5.5 left dots
of the row moved leftward, meaning that the central dot was
split into two semicircles that progressively superimpose; for
more details see Bermeitinger 2013). Arrows and dots were
presented in black on a white background.

Procedure

Participants were individually tested in sound-attenuated
chambers. The experiment was run using E-Prime software
(version 2) with standard PCs and 17°” CRT monitors with
a refresh rate of 75 Hz. Stimulus presentation was synchro-
nized with the vertical retrace signal of the monitor. Instruc-
tions were given on the CRT screen. Participants were
requested to quickly and accurately categorize each non-
ambiguous arrow with regard to its direction (by pressing
the right/left key with their right/left index finger for right/
left arrows, respectively; response keys were the “3” and “1”
key on the numeric pad on which a right or left arrow was
pasted, respectively). Participants were further requested to
quickly press the left or right key in response to ambiguous
targets according to free choice. They were instructed to dis-
tribute the left and right key responses approximately evenly.

The sequence of each trial was as follows: First, a fixa-
tion stimulus (+) appeared at the center of the screen for
1000 ms. It was followed by the first row of dots, which was
presented for one refresh cycle (i.e., approximately 13 ms)
at the center of the screen. Then, the next row was presented
for the next refresh cycle and so on. Prime presentation dura-
tion was 147 ms (i.e., 11 dot presentations * refresh cycle).

For the 147-ms SOA condition, the prime event was fol-
lowed immediately by the target, which remained on the
screen until a response was given. For the 360-ms SOA
conditions, the prime event was followed by a blank screen
which remained for 213 ms; this was immediately followed
by the target, which again remained on the screen until a
response was given. The intertrial interval was 400 ms.

Each participant worked through four blocks with 72
trials each. Each block consisted of 36 forced-choice tri-
als: 12 compatible trials (6 with dots moving rightward and
leftward, respectively), 12 incompatible trials (6 with dots
moving rightward and leftward, respectively), and 12 neu-
tral trials (6 with dots moving inward, 6 with dots moving
outward); half of the trials had right arrow targets and the
other half had left arrow targets. The other 36 trials of each
block were free-choice trials: 12 trials with rightward mov-
ing dots, 12 trials with leftward moving dots, 6 trials with
inward moving dots, and 6 trials with outward moving dots;
half of the trials had >< targets and half of the trials had
<> targets. The order of trials within each block was chosen
randomly by the computer. There was a short pause after
each block. Before the first experimental block, there was
a practice phase with 24 trials (half forced choice). Each
experiment took about 15 min.

Results

Mean RTs in the forced-choice trials were derived from
correct responses only. Mean error rates were 3.94%
(SD = 2.58) and 2.96% (SD = 3.23) for the 147- and 360-
ms SOA conditions, respectively. Outlying RTs that were
1.5 interquartile ranges above the third quartile with respect
to the individual distribution (Tukey 1977), were above
1500 ms, or were below 200 ms were discarded for the
forced-choice as well as the free-choice trials. Based on the
outlier criterion, 1.59% (SD = 1.19) of all forced-choice and
4.63% (SD = 1.94) of all free-choice trials from the 147-ms
SOA condition, and 2.17% (SD = 1.67) of all forced-choice
and 5.40% (SD = 2.82) of all free-choice trials from the
360-ms SOA condition were discarded. Mean RTs and mean
error rates of the forced-choice trials and mean RTs and
mean rates of the prime-congruent and prime-incongruent
responses in the free-choice trials are shown in Table 1,
separately for each SOA condition.
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Table 1 Mean response times (in ms) and mean error rate (in %, in
parentheses; for forced-choice trials) or mean rate of the chosen
response (in %, in parentheses; for free-choice trials, i.e., percent-
age of trials in which the prime-congruent or prime-incongruent

response was chosen) of the compatible condition/prime-congruent
responses, the incompatible condition/prime-incongruent responses,
and the neutral conditions, separately depicted for each SOA (147 and
360 ms) and for forced-choice and free-choice trials

Compatible/prime-congru- Incompatible/prime-incon-  Neutral Neutral inward Neutral outward
ent response gruent response
Forced-choice trials
147 ms SOA 410 (2.88) 423 (4.07) 415 (4.86) 417 (4.06) 413 (4.76)
360 ms SOA 405 (2.08) 400 (3.53) 398 (3.26) 396 (2.90) 400 (3.62)
Free-choice trials
147 ms SOA 451 (48.71) 454 (51.29) 447 451 443
360 ms SOA 466 (50.09) 455 (49.91) 459 458 461
Forced-choice trials Free-choice trials
’g 480 ’g 480 T
£ 460 £ 460 T
g g I
£ 440 £ 440 |
g 420 I % 420
@ 380 380
SOA 150 ms SOA 360 ms SOA 150 ms SOA 360 ms

mcompatible Bincompatible Oneutral

mcongruent @incongruent Oneutral

Fig. 1 Reaction times of the compatible, incompatible and neutral conditions in forced-choice trials and of the prime-congruent responses,
prime-incongruent responses and neutral trials of the free-choice trials (error bars represent the standard error of the mean)

RTs

Mean RTs from the compatible/prime-congruent, incom-
patible/prime-incongruent, and neutral' conditions were
subjected to an ANOVA for repeated measures with the
within-participant factors compatibility/congruency and task
(forced choice; free choice) and the between-participants
factor SOA (147, 360 ms). Most importantly, there was a sig-
nificant interaction of compatibility/congruency and SOA,
F(2,84)="17.68, p=0.001, 11; =(0.15, which was not further
qualified by task (p = 0.368) (Fig. 1). Follow-up analyses
with a focus on compatible/prime-congruent and incompat-
ible/prime-incongruent trials confirmed the significant inter-
action of compatibility/congruency and SOA for the forced-
choice trials, F(1, 42) = 10.33, p = 0.003, n}f = 0.20, as
well as for the free-choice trials, F(1, 42) = 6.35, p = 0.016,
#? = 0.13. In order to more directly measure the compat-
ibility/congruency effects, we calculated the corresponding
effects as explained in Design section, i.e., the difference

! There were no differences between the inward and outward prime
motion (ps between 0.082 and 0.588).
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scores (RT incompatible/incongruent—RT compatible/con-
gruent) for each subject, and submitted these to one-sample
t tests against the test value of 0. These ¢ tests indicated
that subjects performed slower in incompatible/prime-
incongruent than compatible/prime-congruent trials in the
147-ms SOA condition (Mp,, 155 = 8 ms, SEM = 3.16,
#20) = 2.41, p = 0.026, d = 0.53; M¢yceq choice = 13 ms,
SEM = 3.92, #(20) = 3.22, p = 0.004, d = 0.70;
Mo choice = 3 ms, SEM = 4.36, 1(20) = 0.60, p = 0.555,
d = 0.13) and slower in compatible/prime-congruent than
incompatible/prime-incongruent trials in the 360-ms SOA
condition (Myqy, (asks = — 8 ms, SEM = 2.37, #(22) = 3.30,
p =0.003, d = 0.49; Mg, ceq choice = — 5 ms, SEM = 3.98,
#22) = 1.35, p = 0.189, d = 0.28; M choice = — 10 ms,
SEM =2.82, #(22) = 3.63, p = 0.001, d = 0.76).

In addition to the results above, the ANOVA also revealed
a significant main effect of task, F(1, 42) = 60.30, p < 0.001,
;1]% = 0.59, showing faster responses in forced-choice
(M = 408, SEM = 6.58) than free-choice trials (M = 455,
SEM = 10.75), and an interaction of task and SOA, F(1,
42) = 4.12, p = 0.049, nj = 0.09, which is of no further
interest. All other effects including within-subject variables
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as well as the main effect of SOA were not significant,
ps > 0.12 and p = 0.871, respectively.

There was no significant correlation between compat-
ibility effects and congruency effects, neither in the 147-ms
SOA condition (r = 0.17, p = 0.476) nor in the 360-ms SOA
condition (r = — 0.06, p = 0.785).

Error/response rates

Mean error rates from the compatible, incompatible, and
neutral conditions of the forced-choice trials were subjected
to an ANOVA for repeated measures with the within-partic-
ipant factors compatibility and the between-participants fac-
tor SOA. Error rates differed significantly between compat-
ibility conditions, F(2, 84) =4.24, p = 0.018, 11]% =0.09, with
more errors in incompatible than compatible trials (contrast:
F(1,42) =4.57, p = 0.038) and more errors in neutral than
compatible trials (contrast: F(1, 42) = 10.15, p = 0.003),
but no difference between errors in incompatible and neutral
trials (F' < 1, p = 0.678). This main effect was not further
qualified by SOA, F < 1, p = 0.636, and there was no main
effect of SOA, F =1.21, p = 0.278.

For the free-choice trials, the mean percent of prime-
congruent responses was tested against the rate of random
choice (i.e., 50%) using a series of one-sample ¢ tests. These
t tests revealed that rate of prime-congruent responses
did not differ from the random rate in either SOA condi-
tion (My,, soas = 49.43%, SEM = 1.69, M5, = 48.71%,
SEM = 2.54, M54, = 50.09%, SEM = 2.28), ts < 1.02,
ps > 0.32. A further independent-samples ¢ test revealed that
the prime-congruent response rate did not differ between the
two SOA conditions, # = 0.81, p = 0.422.

Discussion

The general question for the current research was as follows:
What influences our actions? In particular, we were inter-
ested in the question of how motions influence our actions
and with the question of how forced-choice and free-choice
responses are (differentially) influenced. For investigating
these questions, we used a response priming paradigm with
motion primes, as motions have a special impact in trigger-
ing and influencing our daily behavior. Our experiment, thus,
was unique in two ways: First, we used motion primes, and
second, the motion primes were clearly visible. In contrast to
the material most often used for static primes—i.e., shapes,
colors, words which are symbols that had to be transformed
to the task-specific requirements—the perception of motion
might directly trigger movements without the detour via
some kind of transformation.

We found further evidence for compatibility and congru-
ency effects with motion primes, in this instance by utilizing

simple double arrows in forced-choice as well as free-choice
trials. Essentially, as in our previous research (Bermeitinger
2013; Bermeitinger and Wentura 2016; Hacklédnder et al.
2015), in RTs we observed a switch from a positive to a
negative compatibility/congruency effect from a short (147-
ms) to a long (360-ms) SOA. The pattern was present in
forced-choice as well as in free-choice trials; however, when
looking at simple effects, the PCE was especially present in
forced-choice trials and the NCE was especially present in
free-choice trials. As there was no interaction with task, we
did not further interpret these (merely) numerical differences
between forced- and free-choice trials.

In our previous experiments with motion primes, we used
rather large arrows as targets. These could have reduced the
visibility of the primes by covering a larger area and acting
as a mask of the primes. This, in turn, might have influenced
the compatibility effects. We now used the same targets as
used in many other response priming studies (e.g., Eimer
and Schlaghecken 2002), namely simple double arrows con-
sisting of greater-than and less-than symbols at the center
of the screen. The utilization of these simple targets ensures
that the primes were, spatially, hardly covered and their vis-
ibility should not be impaired. With these targets, we found
the same general pattern of positive effects with short and
negative effects with long SOAs as with larger targets (Ber-
meitinger 2013; Bermeitinger and Wentura 2016; Hack-
lander et al. 2015). We see this as evidence that the concrete
target and its size do not cause the observed PCE-NCE pat-
tern, although it might be that the targets moderate the effect.

In relation to target properties there may be, especially in
the short-SOA condition, a strong benefit, first if the prime
causes an attentional shift and, second, if the decisive target
property is located near the locus of this shift (Cole and
Kuhn 2010). This constellation might be given in compatible
trials with large arrow targets which would make it specifi-
cally easy to categorize the target (for which the target’s tip
might be sufficient), leading to faster responses in compatible
than incompatible trials. With the simple and much smaller
double arrows, an attentional shift—if involved—caused
by the primes should be of lesser influence, first because it
takes longer to return to the arrows tip and, second, because
the spatial (and attentional) difference between the arrows
tips in compatible and incompatible trials is smaller. How-
ever, in the current study we found a PCE of M = 13 ms
(d = 0.70) that is highly comparable to previously found
effects with our motion primes with large arrow targets
(PCEs at SOA = 150/147 ms varied from M = 11 to 17 ms,
d = 0.59-1.06 across experiments; Bermeitinger 2013).
Taken together, it seems rather unlikely that attentional shifts
as outlined above caused the compatibility effects found
here and in previous research with motion primes. Instead,
facilitation due to motor pre-activations caused by the prime
seems to be a more appropriate candidate for explaining the
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observed effects (see, for example, Kiesel et al. 2006 for a
more detailed review on several possible motor explanations
of (subliminal) response priming).

We should note that, in the current experiment, with
longer SOAs the NCE on forced-choice trials (in RTs) was
not on its own significant, even though we found a nega-
tive difference between incompatible and compatible trials
which did not significantly differ from the negative congru-
ency effect in free-choice trials. Furthermore, on the forced-
choice trials we found a PCE in terms of error rates. We here
want to discuss several possible reasons for this.

First of all, the compatibility effect (in RTs at the longer
SOA) clearly tended toward the expected NCE. Second, it is
not atypical to fail to replicate the significance of each single
case, even though we did replicate the pattern of results (in
terms of RTs). Third, certain aspects of the current experi-
ment differed from those of the normal setting. Most impor-
tantly, we added free-choice trials which (1) prolonged the
experiment, (2) have changed some timing parameters, (3)
have changed the proportion of compatible trials, and/or (4)
might have changed the strength of the S-R links between
target and response in forced-choice trials. Any or all four of
these differences could have caused a reduction in the NCE
in forced-choice trials as (1) some kind of training might
also reduce some kind of influence on the NCE (cf., Liu
and Wang 2014; Schlaghecken et al. 2008), (2) the general
RTs are associated with the exact time points when PCEs
turn into NCEs (and possibly back to PCEs again; e.g., Ber-
meitinger and Wentura 2016; Panis and Schmidt 2016 ) and
there are longer RTs in the current experiment than in previ-
ous experiments (e.g., Bermeitinger 2013), (3) compatibility
effects are stronger with a larger amount of compatible tri-
als (Bodner and Mulji 2010) and the adding of free-choice
trials reduced the overall proportion of compatible trials
in the current experiment, and/or (4) the strength of S-R
links has been shown to modulate compatibility effects (e.g.,
Klauer and Dittrich 2010). Finally, it might be that the larger
targets most often used in our previous experiments (e.g.,
Bermeitinger 2013; Bermeitinger and Wentura 2016; Eck-
ert and Bermeitinger 2016; Hacklaender et al. 2015) actu-
ally reduced the primes’ visibility. In turn, the targets might
moderate the degree of the compatibility effect—Ilarger tar-
gets might lead to earlier and more pronounced NCEs. This
could also explain the findings of Bermeitinger and Wentura
(2016) who found earlier and larger compatibility effects
with the larger targets (and row-of-dots primes) compared to
smaller targets (and single-dot primes; but see, for example,
Mattler and Palmer 2012, who found larger compatibility
effects with open than full targets).

Turning to free-choice responses, we found similar
results to our previous research (Bermeitinger 2013; Ber-
meitinger and Wentura 2016; Hackldnder et al. 2015).
Specifically, the NCE of M = — 10 ms (d = 0.76) at the
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longer SOA of 360 ms was highly comparable to previ-
ous findings (NCEs at SOA = 350/360 ms varied from
M = —10to — 17 ms, d = 0.61-1.05 across experiments;
Bermeitinger 2013). That is, we found slower responses
after congruent than incongruent primes, even when par-
ticipants could freely choose which key they wanted to
press in response to the ambiguous target. This seems to
be clear evidence that the response to the target does not
have to be instructed and strong S—R links between a given
target and a response are not necessary for the negative
effect. In general, the pattern also matches previous studies
with free-choice priming in which in almost all cases the
results of free-choice priming complied with the results
of forced-choice priming (e.g., Perry and Lupker 2010).
Without an instructed response and with ambiguous tar-
gets, there is no conflict between prime (response) and
target (response) and accounts which explain compatibil-
ity effects by such a conflict (cf., Botvinick et al. 2001;
Schmidt et al. 2011b) might not be applicable. Mattler and
Palmer (2012) formulated a simple accumulator model for
forced- as well as free-choice priming. The model assumes
that response selection is based on and/or influenced by
the integration of information. Information is coming from
various sources of evidence. In the case of forced-choice
priming, information from the prime and the target is inte-
grated. In free-choice priming, information from the prime
and internal response tendencies is integrated. The model
does not accommodate negative effects. Thus, for NCEs
additional processes have to be assumed. In general, nega-
tive compatibility effects can be seen as reflecting coping
strategies to deal with inappropriately elicited activations
(see also Machado et al. 2007, 2013) or as over-corrections
for the influence of the prime (Klauer et al. 1997). These
strategies or correction processes seem to be at work even
in free-choice situations.

There is evidence that negative compatibility effects
specifically occur with slower responses (e.g., Ocampo and
Finkbeiner 2013; Schmidt et al. 2015; but see Bermeitinger
and Wentura 2016). This has been interpreted as evidence
that regulatory feedback processes take some time before
they can influence pre-activations and facilitations that are
caused by the prime and processed in a pure feedforward
manner. Thus, one might wonder whether participants might
adapt their response strategies and respond generally slower
in longer-SOA conditions, thereby driving the negative com-
patibility effect. However, there is no indication for a general
increase in response times with SOA, as can be seen from the
neutral condition (see Table 1), indicating that participants
did not generally use different response strategies. However,
one might argue that the generally slower responses in free-
choice trials allow slower regulatory (feedback) processes to
come into play more than in forced-choice trials which are
generally responded to faster.
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We generally asked what differences and similarities are
between forced-choice and free-choice trials and between
the results from our experiment and the results from oth-
ers on comparisons of forced- and free-choice trials. In the
current experiment, we found no correlation between com-
patibility and congruency effects. This lack of a correlation
fails to confirm previous findings with static masked primes
(Bodner and Mulji 2010; Klapp and Hinkley 2002; Ocampo
2015) that were interpreted as evidence of a common ori-
gin of the two forms of priming. This lack of a correlation
also fits with a recent experiment that used masked primes
and compared forced- and free-choice trials (Le Bars et al.
2016, Experiment 1). In this case the authors found a dif-
ferent pattern of compatibility effects between forced- and
free-choice trials (in terms of RTs) when the prime preceded
the target by 132 ms. Despite these findings, we would not
necessarily interpret this as evidence that different processes
underlie responses in forced- and free-choice trials. For one,
we clearly found the same pattern of results on both types
of trials in our experiment, which is typical in the literature
(e.g., Perry and Lupker 2010). Furthermore, even though
free- and forced-choice trials lead to differences in absolute
RTs, the fact that they are both susceptible to negative (con-
gruency/compatibility) effects fits nicely with the literature
suggesting that both types of responses are based on the
same basic mechanisms (Janczyk et al. 2014; Naefgen et al.
2017), a notion that has partially been evidenced by equal
susceptibility to interference effects (Janczyk et al. 2014).

As a separate point of discussion, one might wonder why
we did not find any evidence for influences of the prime’s
direction on the frequency of chosen responses in free-choice
trials. This seems to be in strong contrast to previous experi-
ments which even found influences on the frequency of the
chosen responses after subliminal primes (e.g., Kiesel et al.
2006). However, there are also some other studies in which
no influence of masked primes on the chosen response in
free-choice trials was found (e.g., Mattler and Palmer 2012,
Exp. 2 with arbitrary shapes). Bodner and Mulji (2010)
reported an influence of the proportion of compatible trials
in forced-choice trials, even on the effects in free-choice tri-
als. Interestingly, they found no significant influence on the
frequency of the chosen response in free-choice trials with
a low proportion (0.2) of compatible trials, but only with a
high proportion (0.8). However, they did not test a medium
proportion (0.5) and they also did not use neutral trials. The
current experiment included only a low proportion of com-
patible trials, which could explain the lack of an effect on the
frequency of chosen responses in free-choice trials. Further,
the fact that our primes are visible might lead to differences
between our results and the results of previous studies with
masked primes. It is known from studies on mere exposure
that the influence of a prime stimulus is more pronounced if
the prime is presented subliminally than when participants

are aware of the prime (for a meta-analysis see Bornstein
1989). It seems to be that the conscious awareness of stimuli
leads to conscious processes which counteract their influ-
ences by intentions (see also the comparably longer reaction
times in free-choice than forced-choice trials).

Finally, the question remains, as to which theoretical
accounts may explain the general pattern of results from
the current experiment. As already introduced above, mask-
triggered inhibition as well as object-updating accounts can
be excluded. In contrast, self-inhibition by the motor system
(e.g., Eimer and Schlaghecken 2003) might be one possible
mechanism behind the pattern. That is, in response to inap-
propriately elicited activations, the motor system releases
inhibitory activations in order to cope with these activations
(see also Machado et al. 2007, 2013).

In addition to an account based on motor inhibition,
accounts focusing on attentional processes may also help
to explain the observed results. For example, it could be
that motion primes, in comparison with static primes, lead
to longer and more sustained activations, possibly because
of the greater relevance and salience of motion. This could
result in a longer temporal frame in which PCEs occur. What
is more, apparent motion and spatial attention are closely
related (e.g., Xu et al. 2013). At the neural level, spatial
attention can modulate inputs in terms of their location (but
not their identity) at early stages of processing (i.e., P1/N1
components with onsets from 70 to 80 ms). On the other
hand, analyses on the basis of non-spatial features, such as
shape or color, are associated with later components (i.e.,
“selection negativity” SN with onsets between 140 and
180 ms; for a review, see, for example, Hillyard and Anllo-
Vento 1998). Given that, it follows that spatial attention may
be rapidly shifted in the direction of a motion, which, in the
current situation, could enhance or speed processing of the
target in compatible trials. Note, however, that this atten-
tional mechanism cannot be the sole cause of the effect (see
discussion above), but rather only a moderator.

The compatibility effects may also be explained as a
product of evidence accumulation for one of two response
options (e.g., Klauer and Dittrich 2010). In this case, the
motion primes, which may involve spatial attention shifts,
allow for more time for evidence accumulation than do static
primes. This could lead to more sustained compatibility
effects with motion than static primes. It is worth noting that
an explanation of compatibility effects such as this, which
relies on shifts of spatial attention, would not be available
for shape or color primes and could not account for effects
in other priming paradigms (e.g., semantic priming).

In summary, in the present research response priming
with clearly visible directional motion primes and static
arrow targets was examined. Specifically, the targets were
adapted to the targets often used in response priming with
static primes. Further, we were interested in the question as
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to how motion influences responses even in free-choice situ-
ations. Thus, we used ambiguous targets (<>, ><) to which
participants could freely choose to respond with the left or
right key, interspersed into instructed (forced-choice) targets
(<<, >>) to which participants had to press the assigned
key (left; right). The general pattern of effects (in RTs) was
highly comparable to previous research, even in free-choice
trials: Positive compatibility effects occurred with a short
SOA and negative compatibility effects with a long SOA.
Several theoretical accounts have been proposed to explain
response priming effects. Some accounts can be excluded
for the present data; this especially includes accounts refer-
ring to mask-triggered inhibition or object updating, as well
as some attentional accounts which assume strong differ-
ences between larger and smaller targets. In contrast, the
current pattern of results is most likely best explained by
a combination of (1) self-inhibition of the motor system,
(2) the evaluation window account, and (3) some specific
attentional mechanisms moderating the effects.
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