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We provide a theoretical framework and empirical evidence for how verbally planning an action creates
direct perception-action links and behavioral automaticity. We argue that planning actions in an if
(situation)—then (action) format induces sensorimotor simulations (i.e., activity patterns reenacting the
event in the sensory and motor brain areas) of the anticipated situation and the intended action. Due to
their temporal overlap, these activity patterns become linked. Whenever the previously simulated
situation is encountered, the previously simulated action is partially reactivated through spreading
activation and thus more likely to be executed. In 4 experiments (N = 363), we investigated the relation
between specific if-then action plans worded to activate simulations of elbow flexion versus extension
movements and actual elbow flexion versus extension movements in a subsequent, ostensibly unrelated
categorization task. As expected, linking a critical stimulus to intended actions that implied elbow flexion
movements (e.g., grabbing it for consumption) subsequently facilitated elbow flexion movements upon
encountering the critical stimulus. However, linking a critical stimulus to actions that implied elbow
extension movements (e.g., pointing at it) subsequently facilitated elbow extension movements upon
encountering the critical stimulus. Thus, minor differences (i.e., exchanging the words “point at” with
“grab”) in verbally formulated action plans (i.e., conscious thought) had systematic consequences on
subsequent actions. The question of how conscious thought can induce stimulus-triggered action is
illuminated by the provided theoretical framework and the respective empirical evidence, facilitating the
understanding of behavioral automaticity and human agency.
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The question of whether and how the mind controls the body (i.e.,
the issue of mental causation) has engaged human curiosity, specu-
lation, and scientific research throughout human history. Our subjec-
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tive experience favors a Cartesian mind—body dualism in which the
mind selects an action and causes the body to perform it. Deviations
from this sense of agency are mostly perceived as mental disorders
(e.g., anarchic hand syndrome, Sala, 1998; utilization behavior, Frith,
Blakemore, & Wolpert, 2000; Jeannerod, 2009; Lhermitte, 1983).
This mental-causation perspective, however, is largely incompatible
with neuroscientific evidence implying that conscious experiences
(and thus also conscious intentions to act) are consequences—rather
than antecedents—of brain activity (Haggard & Eimer, 1999; Libet,
Gleason, Wright, & Pearl, 1983; Soon, He, Bode, & Haynes, 2013).
This research raises the question of whether conscious thoughts (e.g.,
intentions to act) are causally involved in action generation at all or
whether they are merely an epiphenomenal consequence of subcon-
scious action generation and execution (see Jordan, 2013, for a de-
tailed discussion).

In the present work, we address this conflict between apparent
mental causation and modern neuroscientific evidence by investi-
gating a specific type of thought, if-then action plans (implemen-
tation intentions, Gollwitzer, 1999), and their effects on subse-
quent action. We will provide a theoretical perspective of how an
agent’s thought in this specific format instigates perceptual- and
motor-related brain activity which establishes a direct perception-
action link. This direct link allows the intended action to be
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triggered upon perceiving the anticipated situation without higher-
order cognitive contributions. Empirically, we will demonstrate
how manipulating minimal aspects of one’s action plan (i.e.,
thought content) has systematic behavioral consequences upon
encountering the anticipated situation. Our approach demonstrates
the mental causation of action and provides an explanation that is
in line with modern neuroscientific evidence.

How Thought Creates Perception-Action Links

Based on simulation theories of cognition (Barsalou, 1999,
2010), recent theoretical developments indicate that comprehend-
ing language is a result of reactivated experiences in the form of
sensorimotoric simulations in the brain (Glenberg, 2007; Kiefer &
Pulvermiiller, 2012; Zwaan, 2004). For example, understanding
the word bicycle would entail the reactivation of past sensory and
motor experiences (e.g., visual images, sounds, leg movements).
These simulations in modal brain areas (i.e., sensory and motor
areas) provide the basis for understanding the word “bicycle”
beyond comprehension derived from the mere appearance of the
letters. Various neuroscientific studies have found evidence for
modality-specific brain activation when processing language in
perceptual (Gonzélez et al., 2006) and motor areas (Hauk, John-
srude, & Pulvermiiller, 2004). Importantly, some evidence has
been provided in favor of a causal role of motor areas in language
comprehension (Glenberg & Kaschak, 2002; Pulvermiiller, Hauk,
Nikulin, & Ilmoniemi, 2005; but see Papesh, 2015, for a critical
discussion). This hypothesized grounding of a higher cognitive
function like understanding language in modal brain areas not only
provides a basis for explaining the comprehension of concepts in
the absence of the actual physical referent (Barsalou, Simmons,
Barbey, & Wilson, 2003), but also how language can be used
strategically to activate specific perceptual and motor simulations
in respective brain areas. This new idea is fundamental to the
present work; we will return to it after introducing if—then action
planning in more detail.

Empirical research supports the effectiveness of verbally for-
mulated if—then plans in initiating intended actions (summarized in
Gollwitzer, 2014; Gollwitzer & Sheeran, 2006). Such if-then
action plans specify an anticipated situation and link it to an
intended action (e.g., “If I pass by the drugstore, then I will pick up
my medicine!”). Consequences of these plans include a perceptual
readiness to detect the anticipated situation (Achtziger, Bayer, &
Gollwitzer, 2012; Parks-Stamm, Gollwitzer, & Oettingen, 2007;
Wieber & Sassenberg, 2006) and an initiation of the intended
action with characteristics associated with a direct perception-
action link (i.e., fast, Cohen, Bayer, Jaudas, & Gollwitzer, 2008;
efficient, Brandstitter, Lengfelder, & Gollwitzer, 2001; and with-
out an in situ conscious intention, Bayer, Achtziger, Gollwitzer, &
Moskowitz, 2009). Our current theorizing aims to close a gap
between the evidence provided about the effectiveness of if—then
action planning (i.e., its cognitive and behavioral consequences)
and the critical question of how a verbal plan (i.e., conscious
thought) creates a direct perception-action link.

Simulation theories of language comprehension (e.g., Kiefer
& Pulvermiiller, 2012) suggest that formulating an if—then plan
in self-directed or inner speech should be accompanied by a
perceptual simulation of the anticipated situation (e.g., exterior
of the drugstore) and a motor simulation of salient aspects of
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the intended action (e.g., stopping and turning to enter the
store). In line with the basic principle of “what fires together
wires together,” the temporal overlap for the specific sensory
and motor states, activated by thought, should result in their
integration (Hebb, 1949).

Thus, our basic proposal is that if language is grounded in modal
simulations, then forming a verbal if-then action plan links spe-
cific neural activity patterns in perceptual brain areas representing
the anticipated situation with specific neural activity in motor areas
representing the intended action. Action planning in an if-then
format thereby creates a basic perception-action link between
perceptual and motor areas. Upon encountering the anticipated
situation, this associative link between the situation and the action
should activate the action-relevant brain activity and thus increase
the likelihood and the speed of executing the intended action.
Thus, an agent who is knowledgeable about the consequences of
linking an intended action to an anticipated situation can strategi-
cally use language-based thought to heighten the probability of
performing a desired action in the future (Martiny-Huenger, Mar-
tiny, & Gollwitzer, 2015). Prior theorizing has focused on creating
this type of link by the repeated actual perception of a certain
situation paired with the actual execution of a certain action
(habitual action control; Wood & Neal, 2007). Our research and
the theoretical framework explores the possibility of establishing
such links in the absence of the actual situations and actions by
conscious thought alone.

The Current Studies

The current studies test specific aspects of our hypothesis that
situation-action links can be created in one’s mind and, at the same
time, we provide evidence that language-based thought unobtru-
sively affects subsequent actions. With a behavioral paradigm, we
can only indirectly approach and test the simulation hypothesis,
relying on our intuitions of what salient motor components are
included in a specific verbally formulated action (e.g., “I will grab
an apple”). In if-then planning research, specific behaviors are
typically specified by the experimenter, and these exact behaviors
are then measured (e.g., the effectiveness of the plan including
“then I will press the left button” is measured by response times of
pressing the left button, Cohen et al., 2008). In the present studies,
we induced action planning of a mundane behavior (i.e., grabbing
an apple, pointing at an apple) to later assess a specific behavioral
component that we expected to be included in the simulation of the
action, but that was not explicitly stated in the verbal formulation.
From the simulation hypothesis of language comprehension (e.g.,
Barsalou, 1999; Kiefer & Pulvermiiller, 2012), we deduced that the
simulation of a specific action includes certain salient components
represented by respective patterns of activity in motor brain areas.
These salient motor components should then be integrated with the
coactivated pattern representing the critical situation in perceptual
areas.

For the action of “grabbing an apple” for consumption, we
expected that a very salient simulation component is the elbow
flexion (pull) movement. This is the case because the elbow
flexion movement is the most important and temporally closest
motor component of simulating the action toward the intended
effect (i.e., consumption; biting into the fruit). In contrast, we
expected a salient component of “pointing at an apple” to be an
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elbow extension (push) movement. This is the case because for
simulating this action toward the intended effect (i.e., pointing
at something in the environment) an elbow extension movement
is necessary. In sum, we expected the simulation of “grabbing
an apple” to be more likely to entail an elbow flexion (pull)
movement compared with the simulation of “pointing at an
apple” which would entail an elbow extension (push) move-
ment. Because of the temporal overlap of the motor simulation
with the critical cue (e.g., apple), the patterns should be inte-
grated and the activation of one of them (e.g., perceiving an
actual apple) should facilitate the reactivation of the other (e.g.,
salient motor component of the respective intended action).

Thus, in our studies (see Figure 1), participants started by setting
themselves the goal to eat more healthy food, and then chose one
particular fruit that they intended to eat more often. During a
planning phase, they formulated an action plan to either grab or
point at the chosen type of fruit (e.g., apple; “If see an apple, then
I will grab/point at it immediately”). In a subsequent test phase not
ostensibly related to the planning session, participants categorized
different pictures as either fruits or vegetables. Responses in this
timed categorization task were performed with a joystick that
either had to be pushed away from or pulled toward the partici-
pant’s body, thereby including an elementary elbow extension or
elbow flexion movement, respectively. We hypothesized that the
respective motor simulation would be linked to the perceptual
simulation of the anticipated situation (e.g., apple) in the planning
phase. Subsequently encountering the apple should partially reac-
tivate the respective motor component. We predicted that after
planning to grab versus point at a specific fruit, encountering that
fruit in the test phase’s categorization task would facilitate pull
versus push responses, respectively. We have conducted four
studies to test these predictions, and we report all of them here. We
examined a “grab” plan (“If I see a(n) [critical fruit], then I will
grab it immediately”) in Studies 1, 2, and 4, and a “point” plan (“If
I see a(n) [critical fruit], then I will point at it immediately”) in
Studies 3 and 4.

Planning Phase

;g% Oo.
"If | see an apple, "If | see an apple,

then | will grab it then | will point at it
immediately!" immediately!"

Figure 1.
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Study 1: Triggering Elbow Flexion Movements

In Study 1, all participants set themselves the goal of eating
more of a particular type of fruit and formulated the if—then action
plan “If I see a(n) [critical fruit], then I will grab it immediately.”
After this planning phase, the participants categorized different
pictures as either fruits or vegetables in the push-pull categoriza-
tion task by pushing or pulling a joystick toward or away from
themselves, respectively. The response times to enact these basic
elbow flexion versus elbow extension movements served as the
dependent variable. The critical fruit was expected to trigger an
elbow flexion movement and thus facilitate this response com-
pared with elbow extension responses to the critical fruit. For
responses to the control stimuli we expected no differences be-
tween elbow flexion and extension responses as they should not be
systematically associated with either movement.

Method

Participants and design. Fifty-four students (41 female/13
male) of a German university participated in this study. In line with
the universities ethical standards, all participants gave verbal,
informed consent to participating in the study and participants and
data were treated according to APA’s Ethical Principles of Psy-
chologists and Code of Conduct (American Psychological Asso-
ciation, 2010). Their mean age was 23.481 (SD = 4.129) with a
range from 19 to 43. The design followed a 2 (Stimulus Type:
critical fruit vs. control) X 2 (Response: push vs. pull) within-
participant design with the logarithmized joystick response times
in the push-pull categorization task as the dependent variable.

Goal setting and planning phase. All instructions and ques-
tions were presented on a computer screen. Participants were
informed that the experiment was about goal setting with respect to
eating fruit. They were told that they would be presented with
information about why eating fruit is good for them and that they
will be asked to set themselves the goal to eat more of a particular
kind of fruit. Then they were told that in order to make this goal
more relevant to them they had to select one of six pictured types

Execution Phase

(Planning-unrelated
push-pull categorization task)

Conceptual representation of the four studies’ procedure. In the planning phase participants either

memorized and committed to a “grab” plan (Studies 1, 2, and 4) or a “point” plan (Studies 3 and 4), including their
self-chosen critical fruit (e.g., apple) and the action of grabbing versus pointing at it, respectively. In the execution
phase, participants categorized food items as fruits or vegetables by either pushing a joystick toward the stimulus or
pulling it toward themselves, respectively. See the online article for the color version of this figure.
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of fruit to eat more often (apple, banana, grapes, kiwi, orange,
pineapple). Each participant’s chosen fruit is called critical fruit
throughout the article. After the participant’s fruit choice, the
actual goal setting and action planning started. Participants were
presented with their personal—adapted to their fruit choice— goal
("I want to eat more [critical fruit]”) and their personal—adapted
to their fruit choice—if—then plan ("If I see a(n) [critical fruit],
then I will grab it immediately”) and asked to memorize it. To
consolidate the memorization, after the initial presentation each
participant was presented with the goal and the if—then action plan
two more times and asked to repeat the goal and plan silently to
themselves. The three memorization phases were separated by two
short distraction tasks; one included a quiz about nutrition and the
other involved reading a short paragraph about healthy nutrition.
Finally, participants’ goal commitment was measured with four
items (“It is difficult to take the goal to eat more [critical fruit(s)]
seriously,” [reverse coded]; “I believe that eating more [critical
fruit(s)] is an important goal,” “Honestly, I do not care whether I
reach the goal of eating more [critical fruit(s)],” [reverse coded]; “I
feel committed to reaching the goal of eating more [critical
fruit(s)].”). Responses were collected on a 7-point scale with the
anchors do not agree and agree. A Cronbach’s alpha of 0.646
indicated a low but acceptable internal consistency and the mean
of 4.870 (SD = 1.043) indicated a moderately high average goal
commitment.

Test phase: Push-pull categorization task. Each participant
completed two blocks of 144 categorization trials each presented
using Psychopy (Peirce, 2009). In each trial, after a fixation cross
(600 ms) and a blank screen (300 ms), one stimulus was presented
and the participant categorized it as either fruit or vegetable.
Responses were made by moving a joystick (model: Logitech
Attack 3) mounted in between the participant and computer screen
either toward the participant’s body (pull/elbow flexion) or toward
the screen (push/elbow extension). The joystick had to be deflected
by 80% of its total range to count as a response and the next trial
was initiated only after the joystick had been returned to the
starting position. Each stimulus was presented until the response
occurred or 5,000 ms had passed, in which case the respective trial
counted as an error. In the case of a response error or slow
response (=>2,300 ms), feedback was presented that the current
response was wrong or to try to respond faster, respectively.

The stimulus material consisted of six different pictures each of
six different fruits (apple, banana, grapes, kiwi, orange, and pine-
apple) and vegetables (carrot, cauliflower, cucumber, onion, pep-
per, and radish). Thus, 72 different stimulus pictures were pre-
sented twice in each of the two blocks of 144 trials. The only
difference between the two blocks was the reversal of the push/pull
response assignment to the fruits and vegetables. The order of this
assignment was counterbalanced between participants. Six practice
categorization responses were made by the participants under the
supervision of a research assistant to ensure a proper understand-
ing of the task and the correct operation of the joystick (e.g., to
ensure full arm movements instead of just wrist movements). After
the test phase, participants completed a computerized question-
naire with study-related questions including their dominant hand,
which hand they used to operate the joystick, what they thought the
purpose of the study was, and demographics like gender and age.

Data treatment and analysis approach. Participants who
operated the joystick with their nondominant hand were excluded
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from the data analysis (n = 4). The remaining 49 right-handed and
2 left-handed participants operated the joystick with their respec-
tive dominant hand. Furthermore, one participant was identified as
an outlier (Tukey, 1977) on the push-pull categorization task with
an error rate of 6.250% as compared with the total sample’s mean
error rate of 1.961% (SD = 1.387), and was therefore excluded
from the analyses. With regard to individual trials, all trials with an
erroneous response (i.e., incorrect categorization or failure to re-
spond within 5,000 ms) were excluded from the analyses (1.875%
of the trials). Furthermore, trials with response times lower than
200 ms and response times exceeding 3 standard deviations above
the mean (calculated separately for each participant and the within-
participant factors stimulus type and response) were excluded from
the analyses as well (1.352% of the trials).

To analyze the data and produce the plots, the open source
software R (R Core Team, 2014), Ime4 (Bates, Michler, Bolker, &
Walker, 2015), and Ismeans (Lenth, 2015) on top of a Debian linux
operating system (Debian Developers, 2016) was used. We per-
formed linear mixed effects analyses to assess the relationship
between our experimental factors and the log-transformed re-
sponse times (Judd, McClelland, & Culhane, 1995; Ratcliff &
Murdock, 1976) from the push-pull categorization task. As log-
transformed data is hard to interpret, in line with common con-
vention, all graphs depict the nontransformed condition means in
milliseconds. As fixed effects, we entered stimulus type, response,
and their interaction terms into the model. As random effects, we
entered intercepts for participant and all factors nested in partici-
pant (response assignment block, stimulus type, stimulus item,
response). Effect sizes for the relevant interaction models were
calculated as suggested by Xu (2003). Response errors were ana-
lyzed using the same linear mixed model approach but adapted for
binomial data. p values were obtained by likelihood ratio tests of
the full model with the effect in question against the model without
the effect. Post hoc comparisons were obtained by least-squares
means predicted from the full model, with a p value adjustment for
multiple comparisons by using the Tukey method.

Results

As expected, the analysis of the response times from the push-
pull categorization task showed a significant stimulus type by
response interaction effect, x*(1) = 14.887, p < .001, Q3 = .246
(Figure 2a). The same linear mixed-model analysis performed on
the response errors showed no significant stimulus type by Re-
sponse interaction effect, x*(1) = 2.531, p = .112 (Figure 2a), and
thus no substantial evidence for a speed—accuracy trade-off. There-
fore, we proceeded to analyze the response time pattern; in line
with our prediction that the grab plan should facilitate pull re-
sponses to the critical stimuli, individual contrasts showed that the
critical-pull responses (M = 640.435 ms, SD = 64.844 ms) were
faster than all other conditions: critical-push (M = 668.297 ms,
SD = 73.581 ms), neutral-pull (M = 663.745 ms, SD = 55.967
ms), and neutral-push (M = 667.185 ms, SD = 52.239 ms), all
ps < .001.

Although not statistically significant, the response-error pattern was
in the direction of a speed—accuracy trade-off. To rule out this expla-
nation, we performed an additional analysis including only partici-
pants who made an equal number of errors on critical-pull and
critical-push responses (38 out of 50 participants; 76%). In this
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Figure 2. Mean response times (+SEM) and mean error rates per stim-
ulus type and response condition. Figure 2a displays the results for all
participants and Figure 2b the results for the majority of participants (76%)
who showed an equal error rate for push and pull responses to the critical
fruit stimuli.

majority subset we can exclude a speed—accuracy trade-off. This
analysis confirmed our initial results by showing a similar significant
stimulus type by response interaction effect, x*(1) = 6.506, p = .011,
03 = .232 (Figure 2b). In sum, our findings provide first evidence that
planning to grab a particular (edible) object facilitated previously
simulated elbow flexion movements—an important part of executing
the planned action—upon perceiving the object.

Study 2: Facilitated Versus Inhibited Actual
Movement During Planning

In Study 2, we aimed to replicate the results found in Study 1.
Thus, again, all participants set themselves the goal of eating more

of a particular type of fruit and formulated the if—then action plan
“If I see a(n) [critical fruit], then I will grab it immediately” before
completing the push-pull categorization task. Furthermore, we
included two critical additions to further validate our conclusion
that the conscious action planning was driving the behavioral
effects found in Study 1.

First, to provide evidence that actual movements during plan-
ning were not responsible for the effect in Study 1, we unobtru-
sively controlled participants’ arm movements in Study 2 during
the planning phase, either by inducing both flexion and extension
elbow movements (pushing against an elastic fitness band with the
arms and releasing it; arm movement condition) or by impeding
actual elbow movements (no arm movement condition). The no
arm movement condition was indirectly induced by a leg move-
ment (pushing against an elastic fitness band with the feet) which
was only possible by fixating oneself with the hands on the chair
or table. Thus, while keeping the motoric cognitive load compa-
rable, performing the leg movement prevented the participants
from making the actual arm movements involved in the intended
action. As we did not expect actual arm movement to be necessary
nor hindering, we predicted a replication of the results of Study 1
in both conditions.

Second, we included liking ratings of the six fruit types in the
final questionnaire to assess whether liking of the critical fruit can
account for potential response time differences between the critical
versus neutral stimuli and the push versus pull responses. For
example, liking of a critical stimulus may facilitate approach
movements (Chen & Bargh, 1999; Eder & Rothermund, 2008)
which—depending on how the participants construe the situa-
tion—may manifest itself in a pull movement (e.g., approaching
the fruit by pulling it closer). By assessing liking ratings of the
critical fruit, we aimed to demonstrate that liking cannot account
for the pull facilitation for the critical fruit.

Method

Participants and design. One-hundred and four students (76
female/28 male) of a German university were randomly assigned
to one of the two between-participants conditions of the study.
Their mean age was 22.913 (SD = 3.223), ranging from 19 to 37.
The design followed a 2 (Movement, between: arm movement vs.
no arm movement) X 2 (Stimulus Type, within: critical fruit vs.
control) X 2 (Response, within: push vs. pull) model design with
the joystick response times in the push-pull categorization task as
the dependent variable.

Procedure. Study 2 followed the same procedure as Study 1
with two differences: During the planning phase, whenever (and
only when) the participants were presented with their personal goal
and action plan, they performed a flexion and extension movement
with either their arm or their legs, depending on condition. Arm
movements were performed with an elastic fitness band that was
wrapped around the back of the participant’s chair with the two
ends held in the participant’s hand. Participants steadily extended
and released their arm toward the screen while reading and mem-
orizing the goal and action plan. For the no arm movement con-
dition, an elastic fitness band was mounted between the front legs
of the participant’s chair. Participants steadily pushed and released
their legs against the band, balancing on their seat by leaning on
their hands. This inhibited actual plan-mimicking arm actions. A
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signal of when to start and stop the movement was given imme-
diately before and after the instruction screens containing the goal
and the plan. Second, the final questionnaire additionally con-
tained liking ratings (7-point scale) of all six types of fruit pre-
sented during the experiment including the critical (previously
chosen) type of fruit.

Data treatment. The data was treated in the same way as in
Study 1. Participants who did not operate the joystick with their
dominant hand (n = 6) were again excluded from the data analysis.
The remaining 92 right-handed and 6 left-handed participants
operated the joystick with their respective dominant hand in the
push-pull categorization task. Furthermore, four participants were
identified as outliers (Tukey, 1977) on the push-pull categorization
task with error rates of 7.986%, 11.806%, 15.278%, and 15.625%
as compared with the total sample’s mean error rate of 3.019%
(SD = 2.671%), and were therefore excluded from the analyses.
With regard to individual trials, all trials with an erroneous re-
sponse (i.e., incorrect categorization or failure to respond within
5,000 ms) were excluded from the analyses (2.608% of the trials).
Furthermore, trials with response times lower than 200 ms and
response times exceeding mean response time plus three times the
standard deviation (calculated separately for each participant and
the within-participant factors stimulus type and response) were
excluded from the analyses (1.532% of the trials). The four goal
commitment items (Cronbach’s alpha = .686) were combined to
form a mean goal commitment score for each participant, and an
independent samples ¢ test confirmed that goal commitment did
not differ between the arm movement (M = 4.755, SD = 1.157)
and the no-arm movement (M = 4.856, SD = 1.063) conditions,
t <1, ns.

Results

Main analysis: Stimulus type by response interaction. We
ran the linear mixed model analysis from Study 1 with the addition
of the between participant factor Movement and the resulting
additional interactions. The analysis showed the expected stimulus
type by response interaction effect, x*(1) = 12.418, p < .001,
QF = .347, and as predicted, no three-way interaction effect of
these factors with the movement condition, x*(1) = 0.065, p =
799, ns (see Figure 3a). The same mixed-model analysis per-
formed on the response errors showed a significant stimulus type
by response interaction effect, x*(1) = 8.636, p < .01, raising the
concern of a speed—accuracy trade-off (Figure 3a). We again
performed an additional analysis on the response times including
only participants who made an equal number of errors on critical-
pull and critical-push responses (61 out of 94 participants; 65%).
This analysis confirms our initial results by showing a similar
marginally significant stimulus type by response interaction effect,
Xz(l) =2.926, p = .087, Q3 = 0.386 (Figure 3b), which was again
not qualified by the movement factor, x*(1) = 0.501, p = .479.
Within this subset for whom we can rule out a speed—accuracy
trade-off, individual comparisons showed that critical-pull re-
sponses (M = 665.626 ms, SD = 100.830 ms) were significantly
faster compared to all other conditions; critical-push (M = 678.559
ms, SD = 87.861 ms), neutral-pull (M = 677.944 ms, SD =
83.507 ms), and neutral-push (M = 682.519 ms, SD = 78.317 ms),
all p’s < .046. This response time pattern mirrors the pattern found
for all participants (see supplementary analyses).
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Figure 3. Mean response times (+SEM) and mean error rates per stim-
ulus type and response condition. Figure 3a displays the results for all
participants and Figure 3b the results for the majority of participants (65%)
having an equal error rate for push and pull responses for the critical fruit
stimuli.

Inclusion of fruit liking ratings. A two sample 7 test con-
firmed that critical fruit evaluations did not differ between the arm
movement (M = 6.298, SD = 1.081) and the no arm movement
(M = 6.340, SD = 0.788) conditions, t < 1, ns. We then ran
another linear mixed effects analysis and added the evaluation of
critical fruit stimuli. This analysis confirmed the results reported
before: We found a significant stimulus type by response interac-
tion effect, Xz(l) = 12.418, p < .001, and no significant higher
order effects. Apparently, evaluations of the critical fruit did not
add to the explanatory power of the model and thus liking ratings
of the critical fruit can most likely not account for the facilitation
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of pull responses toward critical stimuli. This provides further
evidence in favor of the conclusion that the pull facilitation is a
consequence of the respective action planning.

Thus, Study 2 provides additional evidence that planning to grab
a particular (edible) object facilitated elbow flexion movements
upon perceiving the object. Furthermore, whereas this effect was
not moderated by whether participants performed elbow flexion
and extension movements during planning or if these movements
were inhibited, the generally weaker evidence in Study 2 (i.e.,
tendency for a speed—accuracy trade-off and a marginally signif-
icant effect for those 65% of the participants for which we can
exclude a speed-accuracy effect) may have been a result of the
additional load created by performing specific physical actions
during the planning phase.

Study 3: Turning the Effect Around

To rule out alternative explanations as to why pulling an object
toward oneself is facilitated following an if-then action plan to
grab a certain fruit, other than our hypothesis that perceptual and
motor simulations are bound together during planning, in Study 3,
we altered the behavioral components associated with participants’
planned action. We expected that the action of “pointing at a fruit”
elicits a motor simulation that includes an elbow extension (push)
movement as a salient motor component that would become linked
to the critical cue. Thus, after having observed a pull-response
facilitation in Studies 1 and 2, we predicted a push-response
facilitation for the critical fruit in the point-plan condition of Study
3—a facilitation in the condition that was one of the slowest in the
two previous studies. Additionally, we added a control condition in
which participants completed the full procedure of choosing a fruit
and committing to eating more of that type of fruit, but did not
form an if-then action plan. As we propose that the simulation
associated with the action plan is the critical part of the procedure,
we did not predict an effect in this no-plan control condition. In
sum, in Study 3, all participants again set themselves the goal of
eating more of a particular type of fruit. However, only partici-
pants in the point-plan condition formulated the if-then action plan
“If I see a(n) [critical fruit], then I will point at it immediately.”
The remaining participants skipped this plan formation and finally
all participants completed the push-pull categorization task.

Method

Participants and design. One-hundred and five students and
employees (77 female/28 male) of a German university were
randomly assigned to one of the two between-participants condi-
tions of the study. Their mean age was 21.647 (SD = 6.308) with
arange from 17 to 67. The design followed a 2 (Plan, between: no
plan vs. point plan) X 2 (Stimulus Type, within: critical fruit vs.
control) X 2 (Response, within: push vs. pull) model design with
joystick response times in the push-pull categorization task as
dependent variable.

Procedure. The study followed the same procedure as Study
1 with the following modifications: Instead of planning to grab the
critical fruit, participants received either no action plan (no-plan
control condition) or they received a plan to point at the critical
fruit (point-plan condition). Thus, in the no-plan control condition,
participants received information about setting the goal to eat more
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healthy food, and also chose the critical fruit they wanted to eat
more often. The only difference was that the goal (i.e., “I want to
eat more [critical fruit]”) was presented alone, without an accom-
panying action plan. In the point-plan condition, the only differ-
ence from Study 1 was that the grab plan was replaced with a point
plan (“If I see a(n) [critical fruit], then I will point at it immedi-
ately”). Thus, in the entire 10-min procedure of goal setting and
action planning, the only difference to Study 1 was that the word
“grab” was replaced with the words “point at.”

In the test phase, participants completed the same push-pull
categorization task as in Studies 1 and 2. In two blocks of 144 trials
each, participants categorized stimulus pictures including the crit-
ical fruit as belonging to the category of fruit or vegetables by
pushing or pulling a joystick.

Data treatment. We treated the data in the same way as in
Studies 1 and 2. We excluded three participants from further
analyses who reported that they were left-handed but operated the
joystick with their right hand, and one participant who was right-
handed but operated the joystick with the left hand. The remaining
98 right-handed and 3 left-handed participants operated the joy-
stick with their dominant hand. Furthermore, two participants were
identified as outliers (Tukey, 1977) on the push-pull categorization
task with error rates of 7.292% and 7.986% as compared with the
total samples mean error rate of 2.410% (SD = 1.748%), and were
therefore excluded from the analyses. With regard to individual
trials, all trials with an erroneous response (i.e., incorrect catego-
rization or failure to respond within 5,000 ms) were excluded from
the analyses (2.304% of the trials). Furthermore, trials with re-
sponse times lower than 200 ms and response times exceeding
mean response time plus three times the standard deviation (cal-
culated separately for each participant and the within-participant
factors stimulus type and response) were excluded from the anal-
yses (1.511% of the trials). We combined the four goal commit-
ment items (Cronbach’s alpha of 0.584) to form a mean goal
commitment score for each participant, and a two sample 7 test
confirmed that goal commitment did not differ between the no-
plan (M = 5.081, SD = 0.859) and the point-plan (M = 4.880,
SD = 0.961) conditions, #(97) = 1.100, p = .274.

Results

We performed the linear mixed effect model analysis from
Study 2, replacing the between-participants movement condition
with the plan condition (point plan vs. no plan). As expected, the
analysis showed a significant three-way interaction effect between
plan, stimulus type, and response, x*(1) = 8.849, p = .003, O =
.363. The same mixed-model analysis performed on the response
errors showed no significant plan by stimulus type by response
interaction effect, xz(l) = 1.332, p = .248, and thus no evidence
of a speed—accuracy trade-off in the error pattern depicted in
Figures 4a and 4b. We therefore explored the three-way interaction
effect further by analyzing the plan conditions separately.

No-plan control condition. As predicted, the stimulus type
by response interaction effect observed in Studies 1 and 2 follow-
ing a grab plan was not found in this no-plan control condition,
x>(1) = 2.544, p = .111, Qf = .361 (Figure 4a). The same analysis
with a more liberal specification of the random effects (i.e., only
random intercept for participant) also did not result in a significant
stimulus type by response interaction effect, x*(1) = 2.570, p =
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Figure 4. Mean response times (+SEM) and mean error rates per plan,
stimulus type, and response condition for the full set of participants.

.109. Thus, we can conclude that merely choosing and holding a
goal to eat more of a certain fruit—without formulating a plan—
does not facilitate any specific movement in response to the critical
stimuli.

Point-plan condition. The critical analysis for our main hy-
pothesis rests in the point-plan condition. Assuming that the same
mechanisms that led to a facilitation of critical-pull responses in
Studies 1 and 2 went into gear in Study 3, we expected to observe
an effect in the opposite direction (i.e., critical-push facilitation).
The same analysis as performed for the no-plan control condition
revealed a significant stimulus type by response interaction effect,
Xz(l) = 6.972, p = .008, QF = .368, for the point-plan condition
(Figure 4b). This indicates that the difference between push and
pull response times was different for the critical stimuli compared

MARTINY-HUENGER ET AL.

with the neutral stimuli. For neutral stimuli, we again found the
baseline effect revealed in the previous studies (see supplemental
material); neutral-pull responses (M = 682.789, SD = 84.814)
were significantly faster than neutral-push responses (M =
690.568, SD = 84.028; p < .001). This baseline effect in combi-
nation with the significant two-way interaction effect indicates that
the baseline effect is reversed for the critical stimuli so that,
descriptively, critical-push responses (M = 673.879 ms, SD =
106.383) are faster compared with pull responses to critical stimuli
(M = 684.699 ms, SD = 120.680 ms; p = .601) and neutral
stimuli (M = 682.789 ms, SD = 84.814 ms; p = .854). Analyzing
the only individual comparison not affected by the baseline re-
sponse time differences between push and pull responses, we
found that critical-push responses (M = 673.879 ms, SD =
106.383) were significantly faster than neutral-push responses
(M = 690.568 ms, SD = 84.028, p = .026), demonstrating that the
point plan facilitated the pushing response to the critical stimuli
only.

In sum, removing the if—then plan from the goal setting proce-
dure eliminated the differences in the response time pattern for the
critical fruit compared with the control stimuli; only the baseline
bias for generally faster pull responses compared to push responses
was found (see supplemental analyses). However, as the dichoto-
mous (marginally) significant criterion was missed only slightly,
we cannot unequivocally interpret this as a null effect. The more
important and clear conclusion can be drawn from the point-plan
condition and the evidence that the response pattern of the point-
plan condition is different from the no-plan condition. After find-
ing evidence for facilitated pull responses after planning to grab
the critical object in Studies 1 and 2, in Study 3 this effect was
reversed after planning to point at the critical object (i.e., relative
facilitation of critical-push responses)—an action that when sim-
ulated should involve an elbow extension (push) movement.

Study 4: Directly Comparing the Grab and Pull Plan

Study 4 was designed to replicate the critical-push facilitation
effect following a point plan found in Study 3 and statistically
compare it to a third test of the critical-pull facilitation effect
following a grab plan.

Method

Participants and design. One-hundred students and employ-
ees (54 female/46 male) of a German university were randomly
assigned to one of the two between-participants conditions of the
study. Their mean age was 22.390 (SD = 4.731) with a range from
18 to 57. The design followed a 2 (Plan, between: grab plan vs.
point plan) X 2 (Stimulus Type, within: critical fruit vs. control) X
2 (Response, within: push vs. pull) model design with the joystick
response times in the push-pull categorization task as the depen-
dent variable.

Procedure. The procedure of the grab-plan condition fol-
lowed the procedure of Study 1, and the procedure of the point-
plan condition followed the procedure of the point plan condition
in Study 3. Thus, the only difference between the two conditions
in this fourth study were the words “grab” versus “point at” in the
action plan “If I see a(n) [critical fruit], then I will grab/point at it
immediately.” Again, in the test phase, participants completed the
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same push-pull categorization task as in Studies 1, 2, and 3 with
two blocks of 144 trials of the push-pull categorization task.

Data treatment. We treated the data in the same way as in
Studies 1, 2, and 3. We excluded four participants from further
analyses who were left-handed but operated the joystick with their
right hand, and one participant who was right-handed but operated
the joystick with the left hand. The remaining 93 right-handed and
2 left-handed participants operated the joystick with their respec-
tive dominant hand. Furthermore, four participants were identified
as outliers (Tukey, 1977) on the push-pull categorization task with
error rates of 7.986%, 7.986%, 8.681%, and 10.416% as compared
with the total sample’s mean error rate of 2.311% (SD = 2.064%),
and were therefore excluded from the analyses. Finally, we ex-
cluded eight participants who indicated in a binary choice question
in the final questionnaire that they had previously participated in a
similar study. This question was added to the fourth study to
ensure we did not inadvertently include participants from the
earlier studies.

As in past studies, all trials with an erroneous response (i.e.,
incorrect categorization or failure to respond within 5,000 ms)
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were excluded from the analyses (2.000% of the trials). Further-
more, trials with response times lower than 200 ms and response
times exceeding the mean response time plus three times the
standard deviation (calculated separately for each participant and
the within-participant factors stimulus type and response) were
excluded from the analyses (1.733% of the trials). We combined
the four goal commitment items (Cronbach’s alpha = .650) to
form a mean goal commitment score for each participant, and a
two sample ¢ test confirmed that goal commitment did not differ
between the grab plan (M = 4.594, SD = 1.043) and the point plan
(M = 4.390, SD = 1.240) conditions, #80.225) < 1, ns.

Results

We performed the linear mixed effect model analysis from the
previous studies and found the predicted significant three-way
interaction effect between plan, stimulus type, and response,
x*(1) = 6.158, p = .013, O = 250 (see Figures 5a and 5c). The
same mixed-model analysis performed on the response errors
showed a significant plan by stimulus type by response interaction
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Figure 5. Mean response times (+SEM) and mean error rates per plan, stimulus type and response condition.
Figures 5a and 5c displays the results for all participants and Figures 5b and 5d for the participants (71%) with
an equal error rate for push and pull responses for the critical fruit stimuli.
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effect, x*(1) = 3.936, p = .047, and an error pattern displayed in
Figures 5a and 5c that raises the concern of a speed—accuracy
trade-off.

As in Studies 1 and 2, we performed an additional analysis on
the response times including only the participants who made an
equal number of errors on critical-pull and critical-push responses
(59 out of 83 participants; 71%) to rule out this speed—accuracy
trade-off explanation. Our analysis replicated the above pattern
with a significant plan by stimulus type by response interaction
effect, x*(1) = 5.666, p = .017, QF = .207 (Figures 5b and 5d).
The subsequent separate analyses for each plan condition included
only this subset of participants. We did not observe a stimulus type
by response interaction effect for the grab-plan condition, x*(1) =
0.792, p = .374, Q% = .160 (26 participants, Figure 5b), but
observed the predicted stimulus type by response interaction effect
for the point-plan condition, Xz(l) = 6.620, p = .010, Q} = .222
(33 participants, Figure 5d).

Although the interaction for the plan to grab a particular fruit did
not reach a significant level in this third test, the response-time
pattern in the current study was similar to Studies 1 and 2. The
critical-pull responses (M = 701 ms, SD = 52 ms) were faster than
the mean responses in all other conditions; critical-push (M = 726
ms, SD = 77 ms), neutral-pull (M = 723 ms, SD = 50 ms), and
neutral-push (M = 737 ms, SD = 52 ms; all ps < = .089). The
responses following the plan to point at a particular fruit provided
a clear replication of the respective condition from Study 3. As in
Study 3, the most important individual comparison—the one not
affected by the baseline bias for generally faster pull responses—
shows that the critical-push responses (M = 683 ms; SD = 74 ms)
were significantly faster than the neutral-push responses (M = 704
ms; SD = 62 ms; p = .017). Thus, the significant three-way
interaction effect along with the pattern of results for the individual
plan conditions provide a basic replication of the results found in
Studies 1, 2, and 3, with the addition of a direct comparison of the
two plans.

General Discussion

In the present research, we explicate a theoretical framework for
how language-based action planning translates into actual
stimulus-induced behavior, and we provide empirical evidence for
this simulation account of action planning. Our theoretical frame-
work rests on three rather straightforward assumptions: (a) Based
on modern simulation theories of cognition (e.g., Barsalou, 1999),
we expect that verbally processing an if—then action plan activates
respective sensorimotor simulations of the content in perceptual
and motor brain areas. (b) The temporal overlap of these activity
patterns should result in their integration (Hebb, 1949), and thus
(c) the later activation of the perceptual activity pattern upon
perceiving the actual situation should increase the likelihood of
coactivating the integrated motor activity pattern by means of
spreading activation. The simplicity of this framework and the fact
that no translation processes are needed from a higher level cog-
nition (e.g., thought) to the low-level cognition (e.g., perceptual
and motor processes) is a consequence of basing the framework on
modern, grounded cognition theories in which thought is based on
activity in perceptual and motor brain areas (e.g., Barsalou, 1999).
Thus, the presented model provides an explanation of how an
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agent’s conscious thought induces actual actions, and how mere
thought can create direct stimulus-response links.

The Empirical Evidence

In four studies, we accumulated evidence of how systematically
manipulating participants’ thoughts during action planning causes
subsequent reductions in latencies to initiate plan-compatible actions.
We interpret the response facilitation as evidence for the activation of
a specific motor component of the planned action, triggered by the
perceptual activation of the critical cue. More specifically, whenever
participants planned to grab a certain fruit—an action involving
moving something edible toward the self, represented by elbow flex-
ion motor activity—we found elbow flexion movements to be facil-
itated upon perceiving that specific kind of fruit in a subsequent,
unrelated task. In turn, whenever participants planned to point at a
certain fruit—an action we expected to be represented by elbow
extension motor activity—we found elbow extension movements to
be facilitated upon perceiving that specific kind of fruit in the subse-
quent, unrelated task. Importantly, as it is the key characteristic
supporting our simulation account, the verbal content of the action
plans did not include explicit references to elbow flexion or elbow
extension movements (e.g., words like “pull,” “push,” “closer,”
“away,” “extend,” or “flex”); we expected these motor components
would be activated through a simulation of the planned behavior. This
behavioral-method approach has clear limitations. Most importantly,
we do not provide direct evidence for actual perceptual and motor
stimulations during the planning phase. Instead, we base this hypoth-
esis on the accumulated evidence provided by research on simulation
accounts of cognition and language comprehension (e.g., Barsalou,
1999, 2010; Kiefer & Pulvermiiller, 2012) and there remains a general
demand for future research to consolidate this evidence.

We observed a speed—accuracy trade-off in Studies 2 and 4, and
addressed this potential problem by analyzing the subset of par-
ticipants for whom we could definitely exclude the possibility of a
speed—accuracy trade-off. Analyzing the response times of those
participants who made an equal number of response errors for push
and pull responses to critical fruits (~95% of them made no errors
at all in these trials) included the majority of our samples (65%—
71%) and validated the predicted pattern of response latencies
obtained with the full sample. The reason we observed a speed—
accuracy trade-off may lie in the wording of the intended action,
which included a reference to responding quickly (i.e., “Then I will
point at it immediately”). Thus, the characteristic of being fast may
have additionally become associated with the critical fruit and
thereby contributed to induce fast responses which, for a minority
of the participants, resulted in a higher error rate.

If-Then Planned Behavioral Automaticity?

Past researchers have attempted to address the question of
whether action initiation following an if—then action plan is truly
automatic, and strong evidence in favor of the automaticity claim
has been provided (e.g., fast, Cohen et al., 2008; and minimal
cognitive resources needed, Brandstitter et al., 2001; summarized
by Gollwitzer, 2014). However, the possibility remains that the
effects of planning on behavior are consciously mediated—espe-
cially as most of the prior research investigated action planning
with a rather direct contingency between the planned action and
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the subsequently assessed behavior (e.g., planning to press the left
button and assessing left button presses). Our current studies
extend this prior evidence in important ways, through a less
obvious relationship between the planned action (e.g., to point at
an apple) and the assessed responses in the push-pull categoriza-
tion task (e.g., pushing the joystick to categorize food items). Even
though other research with a less direct correspondence between
the intended action and the assessed behavior has been conducted,
this research only examined the readiness to perceive the critical
situation (Wieber & Sassenberg, 2006). In the present research, in
contrast, the planning effect can unequivocally be attributed to the
behavioral response component of if-then action planning, as the
effect was reversed through changing the planned action in Studies
3 and 4.

In line with prior research showing that even a nonconscious
presentation of a situational cue can activate the associated behav-
ior (Bayer et al., 2009), we provide evidence that if—then action
planning creates a direct perception-action link between the critical
situation and the intended action. Still, the current research goes
beyond providing evidence for the automaticity claim of if-then
planned action initiation: We provide a theoretical framework for
how conscious thought in the form of action planning creates such
links to influence subsequent actions.

Motor Simulation Versus Action-Effect Principle

It has been repeatedly proposed and demonstrated that repre-
sentations of an action’s effects can activate the actions required to
produce the effect (ideo-motor principle or action-effect principle,
Elsner & Hommel, 2001; James, 1890; Prinz, 1997). In our case,
this would mean that a perceptual simulation of the action outcome
(e.g., having the apple at one’s mouth or observing one’s extended
arm pointing at something) could have activated the required
motor actions to produce this outcome. This possibility dovetails
with our simulation account that highlights the role of simulation
in perceptual and motor areas as the basis of higher cognitive
functions like thought. So the question arises: To what degree is
the intended action represented by low-level activity in motor
brain areas representing the intended action or by low-level activ-
ity in perceptual brain areas representing the action effect? The
degree of this contribution may be a function of how abstract the
intended action is; a very simple action may receive more of a
contribution from actual motor components whereas a very ab-
stract action may be driven purely by the outcome and action-
effect principles. In sum, as there is evidence for language-specific
effects in motor brain areas, we think it is likely that both motor
simulations of the intended actions and perceptual outcome sim-
ulations contribute to the observed behavior.

Implications for Understanding the Control-
Automaticity Dimension

Our notion of self-instructed automaticity has consequences for
the interpretation of experimental results in different areas. For
example, a recent study has been interpreted as evidence for free
will (Schultze-Kraft et al., 2016). The authors adapted a paradigm
from studies questioning free will that had shown “free” decisions
were preceded by subconsciously building brain activity (readiness
potential) preparing the decision before it was made (Haggard &
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Eimer, 1999; Soon et al., 2013). In this study, the authors
(Schultze-Kraft et al., 2016) harnessed the building readiness
potential to turn on a stop signal whenever the readiness potential
indicated the preparation of a response. Participants were in-
structed to stop executing the action whenever the stop signal
appeared. Despite the subconscious preparation of the action, upon
perceiving the stop signal, the participants were able to intervene
and stop their responses. The authors interpreted this as a “free”
veto with which participants were able to control their actions
freely. This interpretation, however, rests on the assumption that
an instructed stimulus-response binding (e.g., if you see the stop
signal, then stop your action) is voluntarily and “freely” executed.
From our perspective, the instructions prior to the task induced a
kind of if-then action plan. Instead of a voluntary veto interrupting
the subconscious action preparation, in situ, two subconscious
processes were interacting with one another: The readiness poten-
tial preparing the action and the stimulus-induced inaction. Our
interpretation would thus be that in situ actions are determined by
subconsciously prepared brain activity outside of one’s voluntary
control. However, this brain activity can be strategically manipu-
lated prior to critical situations by appropriate action planning.
Thereby, even without in situ control, upon entering the situation,
one has already modified the odds into the direction of one’s will.
In a similar vein, there are various practical research areas, for
example on affect, stereotypes, and habitual behavior, in which
automatic processes undermine conscious intentions. However,
empirical evidence is emerging that if—then planning can be used
to control affect (Gallo, Keil, McCulloch, Rockstroh, & Gollwit-
zer, 2009), automatic stereotypes (Stewart & Payne, 2008), and
reflexive responses (Cohen et al., 2008; Miles & Proctor, 2008).
From the theoretical perspective presented in the current research,
it is no surprise that such automatic processes can be influenced by
prior thought—thought in an if-then format. Our theoretical
framework provides an explanation of how this is achieved.

Contributions and Limitations of the
Presented Research

The main theoretical contribution of the current paper is a new
framework to describe the mechanisms by which verbal, conscious
thought might influence subsequent actions. With the proposed
framework we demonstrate how using simulation accounts of
cognition can provide a parsimonious explanation (cf. Occam’s
razor) for the causal effect of verbal action plans on subsequent
actions. Empirically, we provide evidence that verbal, conscious
thought is causally related to subsequent actions—a conclusion
that may seem trivial from a subjective perspective (e.g., Haggard
& Chambon, 2012) but is not at all trivial from a scientific
perspective (Haggard & Eimer, 1999; Libet et al., 1983; Soon et
al., 2013). We used a disconfirmatory strategy to test this conclu-
sion by reversing our experimental manipulation, repeatedly find-
ing the predicted reversed outcome. However, our current empir-
ical approach is clearly limited in its ability to provide evidence for
simulation accounts of cognition directly, and more specifically, in
providing evidence that actual modal simulations were enacted
during the planning phase in our studies. We do not test this
assumption directly—we only have indirect evidence that is in line
with simulation accounts. The investigated responses are based on
movements that were not included in the verbal reference of the



is not to be disseminated broadly.

n or one of its allied publishers.

ghted by the American Psychological Associa

This document is copyri
This article is intended solely for the personal use of the individual user anc

1524 MARTINY-HUENGER ET AL.

response (i.e., “point at an apple” and elbow extension) but which
we expected to be included in a simulation of the action. Moving
one’s arm, hand, and pointing finger into a position to point at
something in the environment most likely includes an elbow
extension.

Besides this reasoning, we base our assumptions regarding
motor simulations on earlier research. Not surprisingly, with such
a paradigm-shifting proposal as the idea behind simulation ac-
counts of cognition, there are strong proponents (e.g., Glenberg,
1999) and opponents (e.g., Goldinger, Papesh, Barnhart, Hansen,
& Hout, 2016); there is confirmatory evidence of specific aspects
(Schaller, Weiss, & Miiller, 2017), alternative interpretations of
evidence (Firestone & Scholl, 2016), disconfirmatory evidence
(Rommers, Meyer, & Huettig, 2013), and replication failures of
confirmatory evidence (Papesh, 2015). This ambiguity surround-
ing many aspects of the embodied cognition approach therefore
demands a clear statement of what conclusions we can confidently
draw from our studies and what remains to be further investigated.
In this regard, we suggest there is a need for further studies with
manipulations that directly interfere with (Beilock & Holt, 2007)
or facilitate (Thomas & Lleras, 2009) potential motor-area simu-
lations in order to test the hypothesis that such simulations are
present and causally involved in the effects of action planning.

Conclusion

In the present work, we provide evidence that manipulating
minimal but semantically important aspects in an agent’s action
planning (i.e., thought) influences subsequent actions in a rather
automatic fashion. Thus, conscious thought—formulating an if-
then action plan—creates direct perception-action links and thus
enables behavioral automaticity. We propose that the process of
how this is done is a consequence of the cognitive architecture in
which actual perception and action, and thought about perception
and action, are based on the same brain structures. Our framework
may feel quite behavioristic as it suggests that in situ actions are
largely environmentally triggered. However, instead of depending
only on habitual stimulus—response associations, the associations
we consider in the present paper had their origin in if-then action
planning (i.e., conscious thought).

References

Achtziger, A., Bayer, U. C., & Gollwitzer, P. M. (2012). Committing to
implementation intentions: Attention and memory effects for selected
situational cues. Motivation and Emotion, 36, 287-300. http://dx.doi
.org/10.1007/s11031-011-9261-6

American Psychological Association. (2010). American Psychological As-
sociation ethical principles of psychologists and code of conduct. Re-
trieved from http://www.apa.org/ethics/code/principles.pdf

Barsalou, L. W. (1999). Perceptual symbol systems. Behavioral and Brain
Sciences, 22, 577-609.

Barsalou, L. W. (2010). Grounded cognition: Past, present, and future.
Topics in Cognitive Science, 2, 716-724. http://dx.doi.org/10.1111/j
.1756-8765.2010.01115.x

Barsalou, L. W., Kyle Simmons, W., Barbey, A. K., & Wilson, C. D.
(2003). Grounding conceptual knowledge in modality-specific systems.
Trends in Cognitive Sciences, 7, 84-91. http://dx.doi.org/10.1016/
S1364-6613(02)00029-3

Bates, D., Michler, M., Bolker, B., & Walker, S. (2015). Fitting linear
mixed-effects models using lme4. Journal of Statistical Software. Ad-
vance online publication. http://dx.doi.org/10.18637/jss.v067.101

Bayer, U. C., Achtziger, A., Gollwitzer, P. M., & Moskowitz, G. B. (2009).
Responding to subliminal cues: Do if—then plans facilitate action prep-
aration and initiation without conscious intent? Social Cognition, 27,
183-201. http://dx.doi.org/10.1521/s0c0.2009.27.2.183

Beilock, S. L., & Holt, L. E. (2007). Embodied preference judgments: Can
likeability be driven by the motor system? Psychological Science, 18,
51-57. http://dx.doi.org/10.1111/j.1467-9280.2007.01848.x

Brandstitter, V., Lengfelder, A., & Gollwitzer, P. M. (2001). Implemen-
tation intentions and efficient action initiation. Journal of Personality
and Social Psychology, 81, 946-960. http://dx.doi.org/10.1037/0022-
3514.81.5.946

Chen, M., & Bargh, J. A. (1999). Consequences of automatic evaluation:
Immediate behavioral predispositions to approach or avoid the stimulus.
Personality and Social Psychology Bulletin, 25, 215-224. http://dx.doi
.org/10.1177/0146167299025002007

Cohen, A.-L., Bayer, U. C., Jaudas, A., & Gollwitzer, P. M. (2008).
Self-regulatory strategy and executive control: Implementation inten-
tions modulate task switching and Simon task performance. Psycholog-
ical Research, 72, 12-26. http://dx.doi.org/10.1007/s00426-006-0074-2

Debian Developers. (2016). Debian—The universal operating system (Ver-
sion 8). Retrieved from www.debian.org

Eder, A. B., & Rothermund, K. (2008). When do motor behaviors (mis)-
match affective stimuli? An evaluative coding view of approach and
avoidance reactions. Journal of Experimental Psychology: General, 137,
262-281. http://dx.doi.org/10.1037/0096-3445.137.2.262

Elsner, B., & Hommel, B. (2001). Effect anticipation and action control.
Journal of Experimental Psychology: Human Perception and Perfor-
mance, 27, 229-240. http://dx.doi.org/10.1037/0096-1523.27.1.229

Firestone, C., & Scholl, B. J. (2016). Cognition does not affect perception:
Evaluating the evidence for “top-down” effects. Behavioral and Brain
Sciences, 39, €229. http://dx.doi.org/10.1017/S0140525X 15000965

Frith, C. D., Blakemore, S., & Wolpert, D. M. (2000). Explaining the
symptoms of schizophrenia: Abnormalities in the awareness of action.
Brain Research Brain Research Reviews, 31, 357-363. http://dx.doi.org/
10.1016/S0165-0173(99)00052-1

Gallo, I. S., Keil, A., McCulloch, K. C., Rockstroh, B., & Gollwitzer, P. M.
(2009). Strategic automation of emotion regulation. Journal of Person-
ality and Social Psychology, 96, 11-31. http://dx.doi.org/10.1037/
20013460

Glenberg, A. (1999). Why mental models must be embodied. Advances in
Psychology, 128, 77-90. http://dx.doi.org/10.1016/S0166-4115(99)
80048-X

Glenberg, A. M. (2007). Language and action: Creating sensible combi-
nations of ideas. In M. G. Gaskell (Ed.), The Oxford handbook of
psycholinguistics (pp. 361-370). Oxford, UK: Oxford University Press.
http://dx.doi.org/10.1093/0xfordhb/9780198568971.013.0021

Glenberg, A. M., & Kaschak, M. P. (2002). Grounding language in action.
Psychonomic Bulletin & Review, 9, 558 -565. http://dx.doi.org/10.3758/
BF03196313

Goldinger, S. D., Papesh, M. H., Barnhart, A. S., Hansen, W. A., & Hout,
M. C. (2016). The poverty of embodied cognition. Psychonomic Bulletin
& Review, 23, 959-978. http://dx.doi.org/10.3758/s13423-015-0860-1

Gollwitzer, P. M. (1999). Implementation intentions: Strong effects of
simple plans. American Psychologist, 54, 493-503. http://dx.doi.org/10
.1037/0003-066X.54.7.493

Gollwitzer, P. M. (2014). Weakness of the will: Is a quick fix possible?
Motivation and Emotion, 38, 305-322. http://dx.doi.org/10.1007/
s11031-014-9416-3

Gollwitzer, P. M., & Sheeran, P. (2006). Implementation intentions and
goal achievement: A meta-analysis of effects and processes. Advances in


http://dx.doi.org/10.1007/s11031-011-9261-6
http://dx.doi.org/10.1007/s11031-011-9261-6
http://www.apa.org/ethics/code/principles.pdf
http://dx.doi.org/10.1111/j.1756-8765.2010.01115.x
http://dx.doi.org/10.1111/j.1756-8765.2010.01115.x
http://dx.doi.org/10.1016/S1364-6613%2802%2900029-3
http://dx.doi.org/10.1016/S1364-6613%2802%2900029-3
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.1521/soco.2009.27.2.183
http://dx.doi.org/10.1111/j.1467-9280.2007.01848.x
http://dx.doi.org/10.1037/0022-3514.81.5.946
http://dx.doi.org/10.1037/0022-3514.81.5.946
http://dx.doi.org/10.1177/0146167299025002007
http://dx.doi.org/10.1177/0146167299025002007
http://dx.doi.org/10.1007/s00426-006-0074-2
http://www.debian.org
http://dx.doi.org/10.1037/0096-3445.137.2.262
http://dx.doi.org/10.1037/0096-1523.27.1.229
http://dx.doi.org/10.1017/S0140525X15000965
http://dx.doi.org/10.1016/S0165-0173%2899%2900052-1
http://dx.doi.org/10.1016/S0165-0173%2899%2900052-1
http://dx.doi.org/10.1037/a0013460
http://dx.doi.org/10.1037/a0013460
http://dx.doi.org/10.1016/S0166-4115%2899%2980048-X
http://dx.doi.org/10.1016/S0166-4115%2899%2980048-X
http://dx.doi.org/10.1093/oxfordhb/9780198568971.013.0021
http://dx.doi.org/10.3758/BF03196313
http://dx.doi.org/10.3758/BF03196313
http://dx.doi.org/10.3758/s13423-015-0860-1
http://dx.doi.org/10.1037/0003-066X.54.7.493
http://dx.doi.org/10.1037/0003-066X.54.7.493
http://dx.doi.org/10.1007/s11031-014-9416-3
http://dx.doi.org/10.1007/s11031-014-9416-3

publishers.

is not to be disseminated broadly.

ghted by the American Psychological Association or one of its allied

This document is copyri
This article is intended solely for the personal use of the individual user anc

FROM THOUGHT TO ACTION 1525

Experimental Social Psychology, 38, 69—119. http://dx.doi.org/10.1016/
S0065-2601(06)38002-1

Gonzdlez, J., Barros-Loscertales, A., Pulvermiiller, F., Meseguer, V., San-
juan, A., Belloch, V., & Avila, C. (2006). Reading cinnamon activates
olfactory brain regions. Neurolmage, 32, 906-912. http://dx.doi.org/10
.1016/j.neuroimage.2006.03.037

Haggard, P., & Chambon, V. (2012). Sense of agency. Current Biology, 22,
R390-R392. http://dx.doi.org/10.1016/j.cub.2012.02.040

Haggard, P., & Eimer, M. (1999). On the relation between brain potentials
and the awareness of voluntary movements. Experimental Brain Re-
search, 126, 128 —133. http://dx.doi.org/10.1007/s002210050722

Hauk, O., Johnsrude, I., & Pulvermiiller, F. (2004). Somatotopic represen-
tation of action words in human motor and premotor cortex. Neuron, 41,
301-307. http://dx.doi.org/10.1016/S0896-6273(03)00838-9

Hebb, D. O. (1949). The organization of behavior: A neuropsychological
theory. New York, NY: Wiley.

James, W. (1890). Principles of psychology. New York, NY: Holt. http://
dx.doi.org/10.1037/11059-000

Jeannerod, M. (2009). The sense of agency and its disturbances in schizo-
phrenia: A reappraisal. Experimental Brain Research, 192, 527-532.
http://dx.doi.org/10.1007/s00221-008-1533-3

Jordan, J. S. (2013). The wild ways of conscious will: What we do, how we
do it, and why it has meaning. Frontiers in Psychology, 4, 574. http://
dx.doi.org/10.3389/fpsyg.2013.00574

Judd, C. M., McClelland, G. H., & Culhane, S. E. (1995). Data analysis:
Continuing issues in the everyday analysis of psychological data. Annual
Review of Psychology, 46, 433—465. http://dx.doi.org/10.1146/annurev
.ps.46.020195.002245

Kiefer, M., & Pulvermiiller, F. (2012). Conceptual representations in mind
and brain: Theoretical developments, current evidence and future direc-
tions. Cortex, 48, 805—825. http://dx.doi.org/10.1016/j.cortex.2011.04
.006

Lenth, R. (2015). Ismeans: Least-squares means. Retrieved from http:/
CRAN.R-project.org/package=Ismeans

Lhermitte, F. (1983). ‘Utilization behaviour’ and its relation to lesions of
the frontal lobes. Brain: A Journal of Neurology, 106, 237-255. http://
dx.doi.org/10.1093/brain/106.2.237

Libet, B., Gleason, C. A., Wright, E. W., & Pearl, D. K. (1983). Time of
conscious intention to act in relation to onset of cerebral activity (read-
iness-potential). The unconscious initiation of a freely voluntary act.
Brain: A Journal of Neurology, 106, 623—642. http://dx.doi.org/10
.1093/brain/106.3.623

Martiny-Huenger, T., Martiny, S., & Gollwitzer, P. M. (2015). Action
control by if-then planning: Explicating the mechanisms of strategic
automaticity in regard to objective and subjective agency. In B. Eitam &
P. Haggard (Eds.), The sense of agency (pp. 63-94). New York, NY:
Oxford University Press. http://dx.doi.org/10.1093/acprof:oso/
9780190267278.003.0003

Miles, J. D., & Proctor, R. W. (2008). Improving performance through
implementation intentions: Are preexisting response biases replaced?
Psychonomic Bulletin & Review, 15, 1105-1110. http://dx.doi.org/10
.3758/PBR.15.6.1105

Papesh, M. H. (2015). Just out of reach: On the reliability of the action-
sentence compatibility effect. Journal of Experimental Psychology:
General, 144, e116—el41. http://dx.doi.org/10.1037/xge0000125

Parks-Stamm, E. J., Gollwitzer, P. M., & Oettingen, G. (2007). Action
control by implementation intentions: Effective cue detection and effi-
cient response initiation. Social Cognition, 25, 248-266. http://dx.doi
.org/10.1521/s0c0.2007.25.2.248

Peirce, J. W. (2009). Generating stimuli for neuroscience using PsychoPy.
Frontiers in Neuroinformatics, 2, 10.

Prinz, W. (1997). Perception and action planning. The European Journal of
Cognitive Psychology, 9, 129-154. http://dx.doi.org/10.1080/
713752551

Pulvermiiller, F., Hauk, O., Nikulin, V. V., & Ilmoniemi, R. J. (2005).
Functional links between motor and language systems. The European
Journal of Neuroscience, 21, 7193-797. http://dx.doi.org/10.1111/j.1460-
9568.2005.03900.x

Ratcliff, R., & Murdock, B. B. (1976). Retrieval processes in recognition
memory. Psychological Review, 83, 190-214. http://dx.doi.org/10.1037/
0033-295X.83.3.190

R Core Team. (2014). R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing.

Rommers, J., Meyer, A. S., & Huettig, F. (2013). Object shape and
orientation do not routinely influence performance during language
processing. Psychological Science, 24, 2218-2225. http://dx.doi.org/10
.1177/0956797613490746

Sala, C. M. S. D. (1998). Disentangling the alien and anarchic hand.
Cognitive Neuropsychiatry, 3, 191-207. http://dx.doi.org/10.1080/
135468098396143

Schaller, F., Weiss, S., & Miiller, H. M. (2017). EEG beta-power changes
reflect motor involvement in abstract action language processing. Brain
and Language, 168, 95-105. http://dx.doi.org/10.1016/j.bandl.2017.01
.010

Schultze-Kraft, M., Birman, D., Rusconi, M., Allefeld, C., Gorgen, K.,
Dihne, S., . . . Haynes, J.-D. (2016). The point of no return in vetoing
self-initiated movements. Proceedings of the National Academy of Sci-
ences of the United States of America, 113, 1080—1085. http://dx.doi
.org/10.1073/pnas.1513569112

Soon, C. S., He, A. H., Bode, S., & Haynes, J.-D. (2013). Predicting free
choices for abstract intentions. Proceedings of the National Academy of
Sciences of the United States of America, 110, 6217-6222. http://dx.doi
.org/10.1073/pnas.1212218110

Stewart, B. D., & Payne, B. K. (2008). Bringing automatic stereotyping
under control: Implementation intentions as efficient means of thought
control. Personality and Social Psychology Bulletin, 34, 1332—1345.
http://dx.doi.org/10.1177/0146167208321269

Thomas, L. E., & Lleras, A. (2009). Swinging into thought: Directed
movement guides insight in problem solving. Psychonomic Bulletin &
Review, 16, 719-723. http://dx.doi.org/10.3758/PBR.16.4.719

Tukey, J. W. (1977). Exploratory data analysis. Reading, MA: Addison
Wesley.

Wieber, F., & Sassenberg, K. (2006). I can’t take my eyes off of it -
Attention attraction effects of implementation intentions. Social Cogni-
tion, 24, 723-752. http://dx.doi.org/10.1521/s0c0.2006.24.6.723

Wood, W., & Neal, D. T. (2007). A new look at habits and the habit-goal
interface. Psychological Review, 114, 843-863. http://dx.doi.org/10
.1037/0033-295X.114.4.843

Xu, R. (2003). Measuring explained variation in linear mixed effects
models. Statistics in Medicine, 22, 3527-3541. http://dx.doi.org/10
.1002/sim.1572

Zwaan, R. A. (2004). The immersed experiencer. Toward an embodied
theory of language comprehension. In B. Ross (Ed.), The psychology of
learning and motivation (Vol. 44, pp. 35-62). San Diego, CA: Aca-
demic Press.

Received September 19, 2016
Revision received May 14, 2017
Accepted May 22, 2017 ®


http://dx.doi.org/10.1016/S0065-2601%2806%2938002-1
http://dx.doi.org/10.1016/S0065-2601%2806%2938002-1
http://dx.doi.org/10.1016/j.neuroimage.2006.03.037
http://dx.doi.org/10.1016/j.neuroimage.2006.03.037
http://dx.doi.org/10.1016/j.cub.2012.02.040
http://dx.doi.org/10.1007/s002210050722
http://dx.doi.org/10.1016/S0896-6273%2803%2900838-9
http://dx.doi.org/10.1037/11059-000
http://dx.doi.org/10.1037/11059-000
http://dx.doi.org/10.1007/s00221-008-1533-3
http://dx.doi.org/10.3389/fpsyg.2013.00574
http://dx.doi.org/10.3389/fpsyg.2013.00574
http://dx.doi.org/10.1146/annurev.ps.46.020195.002245
http://dx.doi.org/10.1146/annurev.ps.46.020195.002245
http://dx.doi.org/10.1016/j.cortex.2011.04.006
http://dx.doi.org/10.1016/j.cortex.2011.04.006
http://CRAN.R-project.org/package=lsmeans
http://CRAN.R-project.org/package=lsmeans
http://dx.doi.org/10.1093/brain/106.2.237
http://dx.doi.org/10.1093/brain/106.2.237
http://dx.doi.org/10.1093/brain/106.3.623
http://dx.doi.org/10.1093/brain/106.3.623
http://dx.doi.org/10.1093/acprof:oso/9780190267278.003.0003
http://dx.doi.org/10.1093/acprof:oso/9780190267278.003.0003
http://dx.doi.org/10.3758/PBR.15.6.1105
http://dx.doi.org/10.3758/PBR.15.6.1105
http://dx.doi.org/10.1037/xge0000125
http://dx.doi.org/10.1521/soco.2007.25.2.248
http://dx.doi.org/10.1521/soco.2007.25.2.248
http://dx.doi.org/10.1080/713752551
http://dx.doi.org/10.1080/713752551
http://dx.doi.org/10.1111/j.1460-9568.2005.03900.x
http://dx.doi.org/10.1111/j.1460-9568.2005.03900.x
http://dx.doi.org/10.1037/0033-295X.83.3.190
http://dx.doi.org/10.1037/0033-295X.83.3.190
http://dx.doi.org/10.1177/0956797613490746
http://dx.doi.org/10.1177/0956797613490746
http://dx.doi.org/10.1080/135468098396143
http://dx.doi.org/10.1080/135468098396143
http://dx.doi.org/10.1016/j.bandl.2017.01.010
http://dx.doi.org/10.1016/j.bandl.2017.01.010
http://dx.doi.org/10.1073/pnas.1513569112
http://dx.doi.org/10.1073/pnas.1513569112
http://dx.doi.org/10.1073/pnas.1212218110
http://dx.doi.org/10.1073/pnas.1212218110
http://dx.doi.org/10.1177/0146167208321269
http://dx.doi.org/10.3758/PBR.16.4.719
http://dx.doi.org/10.1521/soco.2006.24.6.723
http://dx.doi.org/10.1037/0033-295X.114.4.843
http://dx.doi.org/10.1037/0033-295X.114.4.843
http://dx.doi.org/10.1002/sim.1572
http://dx.doi.org/10.1002/sim.1572

	From Conscious Thought to Automatic Action: A Simulation Account of Action Planning
	How Thought Creates Perception-Action Links
	The Current Studies
	Study 1: Triggering Elbow Flexion Movements
	Method
	Participants and design
	Goal setting and planning phase
	Test phase: Push-pull categorization task
	Data treatment and analysis approach

	Results

	Study 2: Facilitated Versus Inhibited Actual Movement During Planning
	Method
	Participants and design
	Procedure
	Data treatment

	Results
	Main analysis: Stimulus type by response interaction
	Inclusion of fruit liking ratings


	Study 3: Turning the Effect Around
	Method
	Participants and design
	Procedure
	Data treatment

	Results
	No-plan control condition
	Point-plan condition


	Study 4: Directly Comparing the Grab and Pull Plan
	Method
	Participants and design
	Procedure
	Data treatment

	Results

	General Discussion
	The Empirical Evidence
	If–Then Planned Behavioral Automaticity?
	Motor Simulation Versus Action-Effect Principle
	Implications for Understanding the Control-Automaticity Dimension
	Contributions and Limitations of the Presented Research

	Conclusion
	References


