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Abstract.
Background: After stroke, the learned non-use of a paretic arm is a major obstacle to the improvement of hand function.
Objective: We examined whether patients with a central paresis could profit from applying the self-regulation strategy of
making if-then plans that specify situational triggers to using the paretic arm.
Method: Seventeen stroke patients with a mild to moderate hand paresis were asked to perform a Simon task which is
commonly used to study the enhanced executive control needed when there is a mismatch between stimulus (e.g., color)
and response (e.g., location) features. We examined whether patients with hemiparesis would be able to reduce the Simon
effect (i.e., responding slower to mismatched as compared to matched stimulus and response features) by creating new
stimulus-response associations via if-then plans.
Results: A significant Simon effect was observed in both the affected and the non-affected arm for control trials. However,
there was no longer a significant Simon effect for the critical trials prepared by forming if-then plans. This led to a significant
stimulus × compatibility interaction effect for the affected arm and a marginally significant interaction effect for the nonaffected arm. Making if-then plans was effective for eliminating or at least reducing the Simon effect for the affected and the
non-affected arm, respectively.
Conclusion: This observation opens a potential new route to improving stroke rehabilitation. If-then plans may qualify as
a viable strategy to overcome the learned non-use of the affected arm. Further research is now required to develop and test
therapeutic measures based on this proof-of-principle.
Keywords: Implementation intentions, rehabilitation, hemiparesis, stroke, learned nonuse

1. Introduction
After a stroke, approximately 80% of patients
experience an acute paresis and in about 40% a
chronic hemiparesis remains (i.e., partial paralysis of
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the body and extremities due to brain lesion; Writing
et al., 2016). Hemiparesis is associated with high
costs as it requires intensive treatment in the hospital, long-term care, loss of productivity and income.
Per annum costs to treat U.S. patients with hemiparesis have been estimated to be almost twice as
high as for those stroke patients without hemiparesis (Zorowitz, Chen, Tong, Laouri, 2009). Long-term
benefits from rehabilitation and particularly transfer
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of improved capacities into daily life are required.
Consequently, it is important to develop time and
cost effective treatments to improve motor control in
hemiparesis patients. The present study investigates
whether teaching patients with hemiparesis to plan
out motor control in advance could potentially yield
an improvement in their symptoms.
Stroke patients with arm hemiparesis (i.e.,
impaired control of an arm) tend to use the less
affected arm for various everyday activities as this
allows the individual to avoid the increased effort
required to use the affected arm. As a consequence,
a strong habit develops of predominantly using the
non-affected rather than the affected arm. This phenomenon has been referred to as “learned non-use”
(Taub, Uswatte, Mark, & Morris, 2006). Besides
physiotherapy (i.e., practicing the use of the affected
arm), constraint-induced-movement therapy (CIMT)
is an evidence-based therapy to deal with “learned
non-use” (Taub et al., 1993, 2013; Wolf et al., 2013).
In CIMT, the less affected hand is restricted by a
sling or a similar device, forcing the patient to use
the impaired hand. CIMT is highly effective and
has had an enormous impact on physiotherapy and
neurorehabilitation in general. Widespread use of its
original version in rehabilitation settings, however,
is limited due to the laborious nature of the therapy (Corbetta, Sirtori, & Gatti, 2010; Dada & Sanya,
2012). The original version of CIMT training is indicated for at least six hours a day on ten consecutive
days (Taub et al., 1993). More recent studies suggest
that application of less training time and a shorter
restriction period of the less-affected arm (two to four
hours /weekday; “modified CIMT”) is still effective.
A recent review could not demonstrate different effect
sizes between modified CIMT and the original form
(Kwakkel et al., 2015).
In the current study, we considered whether there
might be a more convenient way to avoid the negative consequences associated with learned non-use
of the affected arm. In the psychology of action literature, it is suggested that making explicit plans in
the service of higher order goals can facilitate action
control. In particular it is argued that furnishing goals
with implementation intentions (i.e., if-then plans)
transforms effortful top-down control by goals into
automatic bottom-up control by pre-specified critical situations (Gollwitzer & Bargh, 1996; Morsella,
Bargh, & Gollwitzer, 2009; Gollwitzer, 1993, 1999).
In other words, implementation intentions link anticipated critical future situations with goal-directed
responses, which commits the individual to respond

in a predetermined way. Implementation intentions
take the format of “If Situation X is encountered,
then I will perform Response Y!” It is important to
distinguish implementation intentions from the more
simple structure of goal intentions: “I intend to attain
Z!” Implementation intentions are formed in the service of goal intentions as they specify when, where,
and how a goal-directed response is to be executed.
A meta-analysis by Gollwitzer and Sheeran (2006)
found that forming implementation intentions has a
medium-to-large effect on the rate of goal attainment. A heightened cognitive accessibility of the
specified critical situation as well as a strengthened
associative link between the specified situation and
the appropriate response qualify as the underlying
mechanisms, allowing for automatic action control
when the critical situation is encountered.
Indeed, previous research shows that implementation intentions were effective in controlling habitual
responses (Adriaanse et al., 2011; Gollwitzer, 2014;
Gollwitzer et al., 2005; Stewart & Payne, 2008;
Schweiger-Gallo et al., 2009). Making if-then plans
thus creates an “instant habit” for initiating the
antagonistic wanted response that can override the
initiation of the unwanted habitual response (Adriaanse et al., 2011). Therefore, the present research
will explore whether stroke patients with arm hemiparesis can use if-then planning to facilitate the use
of the affected over the unaffected arm.
In the present study, we used a task which is well
suited for studying the control of habitual actions, the
Spatial Simon task (Simon & Rudell, 1967). In this
classification task, the relevant stimulus dimension
is a non-spatial dimension such as color. For example, the participant is asked to make a left key press
if the stimulus is red and a right key press if it is
green (Simon, 1990). The location of the stimulus
(left or right side of the computer screen) is the irrelevant stimulus dimension. Much research has shown
that responses are faster when the stimulus location
corresponds to the location of the assigned response
(e.g., red stimulus on the left) as compared to when
stimulus location and location of response are noncorresponding (e.g., red stimulus on the right). This
phenomenon is commonly referred to as the Simon
effect (see Lu & Proctor, 1995). Even though participants are instructed to respond on the basis of
the stimulus dimension (i.e., color) and ignore the
irrelevant dimension (i.e., location on left or right
of computer screen), participants find it difficult to
do so; the irrelevant dimension of location interferes
with performance.
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The Simon effect is a prime example of automatic
response activation based on long-term associations
(i.e., automatic triggering of a habitual action). However, previous research has shown that the Simon
effect can be reduced by forming implementation
intentions (e.g., Cohen, Bayer, Jaudas, & Gollwitzer,
2008; Miles & Proctor, 2008). For example, in Experiment 2 of Cohen et al. (2008), participants performed
a Simon task that was based on an experimental
design used by Hommel (1993, Experiment 1). Participants had to decide whether the pitch of a tone
(that occurred either on the left or right ear) was
high or low by pressing a left or right key. Thus,
in order to control the habitual response of pressing the left button when the tone is presented on the
left side, participants in the implementation intention condition formed an if-then plan: “And if I
hear the low tone on the left side, then I will press
the right key especially fast!” In contrast, participants in the goal intention condition formed the
mere goal: “I’ll respond to the tones by pressing the
respective button as fast as possible!” As action initiation via implementation intentions is assumed to
be automatic, a reduced Simon effect was predicted
and observed for participants in the implementation
intention but not the goal intention condition. This
interpretation is in line with a more recent finding
that people can indeed counteract the Simon effect
by strong stimulus-response associations formed on
the basis of instructions (Theeuwes, Liefooghe, &
De Houwer, 2014).
In the present study, we investigated whether
patients with hemiparesis are able to use implementation intentions to facilitate motor responses, using
a Simon task. Furthermore, we explored if this selfregulatory technique is effective for facilitating motor
responses in the paretic arm. Such a result would
imply that implementation intentions may be useful
as a method to promote the use of residual movement capacity in the paretic arm, perhaps improving
functional outcome after stroke (proof-of-principle).
The Simon task is particularly appropriate for this
purpose because it involves conflict between a habitual response (respond according to the location of
the stimulus) and a non-habitual response (respond
according to a different stimulus dimension). In this
way, it may be considered analogous to the conflict in
patients with hemiparesis between habitual responding with their non-affected arm versus non-habitual
responding with their affected arm. If implementation
intentions are effective for overcoming the conflict
presented by the Simon task, this would suggest that
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they could also facilitate patients’ non-habitual use
of their affected arm.

2. Methods
2.1. Sample
Over the course of one year qualifying patients
(i.e., with mild-to-moderate arm hemiparesis) who
arrived at a neurological rehabilitation clinic in
Germany were informed about the study by their
treating physicians and offered to participate. Participants who were not able to follow instructions
due to impairments were excluded, such as neglect,
visual inattention, language processing deficits, cognitive impairments. Of the 19 patients recruited,
two were not able to follow instructions. The sample included 17 stroke patients (9 women; age:
M = 56.76, SD = 11.72) with a central arm paresis (5
left-sided, 12 right-sided hand paresis) but sufficient
hand control to press computer keys with the index
fingers. The mean time since the stroke was 23.58
months (SD = 46.24): 10 patients 4–6 weeks (subacute), and 7 patients 2–12 years. As indicated by the
National Institute of Health Stroke Scale (NHISS;
Goldstein, Bartels, & Davis, 1989), all patients had
minor impairments due to hemiparesis (NHISS Score
<4), except for one patient who showed a moderate
impairment (NHISS Score = 5). Based on the NineHole-Peg (NHP) test (Jebsen, Taylor, Trieschmann,
Trotter, & Howard, 1969; Mathiowetz, Weber, Kashman, et al., 1984), 11 patients showed mild hand
paresis (NHP time <11s), 5 patients moderate (NHP
time <50s), and one patient severe hand paresis
(NHP = 99s). Six patients had a light, incomplete
hypaesthesia. One patient had a hemorrhagic infarction, and 16 were ischemic. One patient had an
infarct in the pons, the others had partial infarction
of the middle cerebral artery (MCA). For all patients,
the respective attending physicians reported a critical learned-nonuse of the affected arm. The study
protocol was in accordance with the Declaration of
Helsinki and approved by the ethical board of the
University of Konstanz. All patients gave informed
consent.
2.2. Apparatus and stimuli
The Simon task was programmed using
Presentation® software (www.neurobs.com) and
presented on a Laptop-computer with a 14-inch LCD
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Monitor; viewing distance was 60 cm. The target
stimuli were arrows of four different colors (blue,
green, red, and yellow) pointing either to the right
or to the left (see Fig. 1). In a given trial, an arrow
of one of the four colors was presented, pointing
to one direction. Participants responded by pressing
either a key located to the left (left alt) or right
(control) of the bottom row of the keyboard with
their left or right index finger, respectively. For each
trial a central black fixation cross preceded each
arrow.
2.3. Procedure
The Simon task involved pressing either a left (left
alt key) or right (control key) key in response to the
color of the task stimuli. For example, participants
were instructed that for blue or green arrows, they
need to press the left computer key and, for yellow or
red arrows, they need to press the right computer key.
The arrows could be facing right or left which was
irrelevant to task instructions. That is, the direction
that arrows were pointing (left or right) was the irrelevant stimulus dimension. As described previously, the
Simon effect is the phenomenon in which responses
are faster and more accurate when the direction of
a stimulus (arrow pointing left or right) corresponds
to the location of an assigned response (left or right
computer key press). Performance is slower and more
error prone when the stimulus-response correspondence is noncorresponding (arrow pointing left but
requires a right computer key press). The challenge
for participants in our study was to ignore the irrelevant stimulus dimension (arrow pointing left or right)
and solely attend to the color of stimuli. The mapping of the color to the correct response location was
counterbalanced across participants.
Practice and test blocks combined consisted of 256
trials in total. A session had the following course
of events: At the onset, participants were provided
with the goal instruction on how to respond to stimuli, followed by a first practice block with 16 trials
including each possible combination of color and
arrow-direction presented twice. After this first practice block, participants received feedback regarding
incorrect responses. The subsequent second practice
block consisted of 80 trials presenting each possible combination of color and arrow direction ten
times. This second block provided additional practice
and served to reduce earlier fluctuation in response
times. After this block of trials, participants received
feedback on their performance indicating the percent-

age of correct and wrong responses, followed by a
2-minute break.
Each trial began with the fixation cross presented
for 1000 ms followed by an arrow presented for
320 ms in one of the four colors pointing to the left
or right. Participants made a left or right response
depending on the color. Inter-trial intervals randomly
ranged between 3 s and 7 s (i.e., 3, 4, 5, 6, 7).
We used a within-participants experimental
design. For the first block of test trails, participants
always received goal intention instructions, and
implementation intention instructions were always
given for the second block of test trials. This order
was not counterbalanced because we worried that
participants who had learned to form implementation
intentions and experienced their beneficial effects
might spontaneously furnish goal intentions with
implementation intentions (see Cohen et al., 2008;
Miles & Proctor, 2008).
Preceding the first test block of trials, participants
received the goal instructions that read, for example:
“For a blue arrow or a green arrow you should press
the left key as fast as possible. For a yellow arrow or
a red arrow you should press the right key as fast as
possible.” Participants read the goal instructions three
times aloud and then worked on the first block of 80
test trials with each possible combination of color and
arrow direction presented ten times. In corresponding
trials, the arrows pointed to the same side as specified
in the goal instructions (e.g., blue and green arrows
to the left, yellow and red arrows to the right) and
in non-corresponding trials to the opposite direction
(e.g., blue and green arrows to the right, yellow and
red arrows to the left; see Fig. 1). Following this first
set of test trials, participants received feedback and
took a 2 min break. Before the next set of test trials began, participants repeated the goal instructions
aloud before they read the implementation intention instructions three times. The implementation
intention read, for instance: “Each time, when the
green arrow points to the right, then I instantly will
press the left key. Each time, when the red arrow
points to the left, then I instantly will press the right
key.” Instructions were counterbalanced for each
arrow color and arrow direction with the constraint
that implementation intentions always addressed
two non-corresponding color-arrow combinations
with the two arrows pointing in opposite directions. This ensured that responses with non-affected
and affected arms on corresponding and noncorresponding stimuli had to be performed equally
often.
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Fig. 1. Exemplary stimuli set for corresponding and non-corresponding trials based on goal instructions for left or right key-press responses.

We defined critical trials as those that showed an
arrow with the color specified in the participants’
implementation intentions; all other trials were considered to be control trials. For example, a critical
trial would be those trials that included the stimuli stipulated in the implementation intention. If the
implementation intention was “Each time, when the
green arrow points to the right, then I instantly will
press the left key. Each time, when the red arrow
points to the left, then I instantly will press the right
key”, then we expected that participants would show
higher performance on these noncorresponding trials
compared to trials with stimuli not specified in the
implementation intention.
The experiment lasted between 45–60 min after
which time patients were debriefed and thanked for
their participation.

3. Results
3.1. Response times (RT)
3.1.1. First block of test trials
Trials in which RTs were less than 200 ms or were
more than 2 SDs from the mean response time were
deleted (4.1% of all responses). For the first block
of trials, a 2 (Arm: affected vs. non-affected) × 2
(Stimulus: critical vs. control) × 2 (Compatibility:
corresponding vs. non-corresponding) within-factors
ANOVA was conducted on RTs. No interaction effects were found, all Fs < 1, ns. However,
the expected Compatibility main effect emerged,
F(1,16) = 17.21, p = 0.001, η2p = 0.52, indicating that

participants responded faster in corresponding trials than in non-corresponding trials. No other main
effects were observed, all Fs < 1, ns (see Table 1,
Block 1).
3.1.2. Second block of test trials
To test whether implementation intentions
reduced response times for the specified critical
non-corresponding stimuli, a 2 (Arm: affected
vs. non-affected) × 2 (Stimulus: critical vs.
control) × 2 (Compatibility: corresponding vs.
non-corresponding) ANOVA on RTs was conducted
for the second test block of trials. No three-way
interaction effect was found, F(2,16) < 1, ns,
but the expected two-way Stimulus (critical vs.
control) × 2 Compatibility (corresponding vs. noncorresponding) interaction emerged, F(1,16) = 6.52,
p = 0.02, η2p = 0.29. No other two-way interaction,
all Fs < 1, ns, or main effects, all Fs < 1, ns, were
observed other than a Compatibility main effect,
F(1,16) = 9.16, p < 0.01, η2p = 0.36.
As expected, and replicating the Simon effect,
planned one-tailed comparisons revealed that
participants responded faster to control stimuli
in corresponding (M = 624 ms; SE = 38) than in
non-corresponding trials (M = 662 ms; SE = 41),
t(16) = 4.49, p < 0.001. More importantly, participants responded faster to critical stimuli in
non-corresponding trials (M = 635 ms, SE = 32)
than to control stimuli in non-corresponding trials,
t(16) = 1.86, p = 0.04. No differences were found
for critical stimuli in non-corresponding and corresponding trials (M = 629 ms; SE = 36) as well as
for critical and control stimuli in corresponding
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Table 1
Response Times (RT, in ms), Percentage of Errors (PE, in %) and Simon Effects for Trials in Block 1 and Block 2

Trial
Block 1
Non-corresponding
Corresponding
Difference non-corresponding
to corresponding (Simon Effect)
Block 2: Critical Trials
Non-corresponding
Corresponding
Difference non-corresponding
to corresponding (Simon Effect)
Block 2: Control Trials
Non-corresponding
Corresponding
Difference non-corresponding
to corresponding (Simon Effect)

Combined arms
RT in ms
PE in %

Affected arm
RT in ms
PE in %

Non-affected arm
RT in ms
PE in %

684 (39)
655 (43)

5.49 (2.12)
1.87 (0.79)

694 (55)
670 (61)

3.88 (1.96)
1.66 (0.07)

673 (30)
641 (30)

7.10 (2.44)
2.09 (0.97)

28 (7)

3.62 (1.59)

24 (11)

2.22 (1.59)

32 (7)

5.01 (1.79)

635 (32)
629 (36)

4.12 (2.07)
1.67 (0.81)

644 (46)
641 (53)

3.53 (2.09)
3.35 (1.61)

625 (24)
617 (23)

4.71 (2.44)
0.00 (0.00)

6 (11)

2.44 (2.31)

3 (15)

0.18 (2.91)

8 (12)

4.71 (2.44)

662 (41)
624 (38)

8.25 (2.94)
4.54 (2.21)

674 (56)
634 (54)

10.62 (2.99)
3.53 (1.91)

649 (28)
614 (24)

5.88 (2.20)
5.56 (2.72)

38 (8)

3.71 (2.98)

40 (11)

7.09 (4.06)

36 (10)

0.33 (2.59)

1.27 (2.29)

37 (17)

6.91 (3.59)

28 (15)

4.38 (2.59)

Block 2: Difference Control vs. Critical Trials
Difference non-corresponding
to corresponding (Simon Effect)
32 (13)
Note. Standard errors are shown in parentheses.

trials, all ts < 1, ns (Table 1, Block 1, Critical and
Control).
To test whether the predicted implementation
intention effects similarly appeared for the affected as
well as non-affected arm, two separate 2 (Stimulus:
critical vs. control) × 2 (Compatibility: corresponding vs. non-corresponding) ANOVAs, one for each
arm, were conducted. The analysis for the affected
arm revealed the expected Stimulus × Compatibility
interaction effect, F(1,16) = 4.76, p = 0.04, η2p = 0.23,
and a Compatibility main effect, F(1,16) = 4.30,
p = 0.03, η2p = 0.21. Planned one-tailed comparisons
replicated the previously found pattern: Participants
responded faster to control stimuli in corresponding (M = 634 ms; SE = 54) than in non-corresponding
trials (M = 673 ms; SE = 56), t(16) = 3.49, p < 0.01.
Participants also responded marginally faster to critical stimuli in non-corresponding trials (M = 644ms;
SE = 46) than to control stimuli in non-corresponding
trials, t(16) = 1.60; p = 0.06. No differences were
found for critical stimuli in non-corresponding and
corresponding trials (M = 641 ms; SE = 53) as well as
for critical and control stimuli in corresponding trials,
all ts < 1, ns.
A parallel 2 (Stimulus: critical vs. control) × 2
(Compatibility: corresponding vs. non-corresponding) ANOVA for the non-affected arm did not reach
significance, F(1,16) = 3.63, p = 0.07, η2p = 0.19, but
revealed a Compatibility main effect F(1,16) = 7.01,

p = 0.02, η2p = 0.31. However, planned one-tailed
comparisons also replicated the previously found
pattern: Participants responded faster to control
stimuli in corresponding (M = 614 ms; SE = 24)
than in non-corresponding trials (M = 649ms;
SE = 28), t(16) = 3.64, p = 0.001. Participants also
responded marginally faster to critical stimuli in
non-corresponding trials (M = 625 ms; SE = 24)
than to control stimuli in non-corresponding trials,
t(16) = 1.42; p = 0.09. No differences were found
for critical stimuli in non-corresponding and corresponding trials (M = 617 ms; SE = 23) as well as for
critical and control stimuli in corresponding trials,
all ts < 1, ns.
In sum, a significant Simon effect was observed
in both arms for control trials. However, there was
no longer a significant Simon effect for critical
trials, which were associated with implementation
intentions. Importantly, this result demonstrates that
implementation intentions reduced the Simon effect
(i.e., response times for non-corresponding trials as
compared to corresponding trials) for the affected
arm by M = 37 ms (SE = 17) as well as for the nonaffected arm by M = 28 ms (SE = 15) (see the last line
in Table 1). This led to a Stimulus × Compatibility
interaction that was significant for the affected arm
and marginally-significant for the non-affected arm.
Apparently, implementation intentions were effective
in reducing the Simon effect for both arms.
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3.2. Percentage of errors (PE)

4. Discussion

3.2.1. First block of test trials
The overall percentage of errors (PE) was low
for the affected arm (M = 2.77%; SE = 1.23) and
the non-affected arm (M = 4.60%, SE = 1.63). A
2 (Arm: affected vs. non-affected) × 2 (Stimulus:
critical vs. control) × 2 (Compatibility: corresponding vs. non-corresponding) between-factors
ANOVA revealed an Arm (affected vs. nonaffected) × Compatibility (corresponding vs. noncorresponding) interaction effect, F(1,16) = 5.53,
p = 0.03, η2p = 0.26, and main effects of Arm,
F(1,16) = 5.18, p = 0.04, η2p = 0.25, and Compatibility, F(1,16) = 5.18, p = 0.04, η2p = 0.25. Post-hoc comparisons revealed that participants made more errors
with the non-affected arm in non-corresponding trials than in corresponding trials, t(16) = 2.78, p = 0.01.
No such difference was found for the affected arm,
t(16) = 1.38, ns. Participants made more errors with
the non-affected arm than with the affected arm in
non-corresponding trials, t(16) = 2.46; p = 0.03. No
such difference was found for corresponding trials,
t < 1, ns (see Table 1, Block 1).

We examined whether patients with mild to moderate arm hemiparesis could benefit from the use of
implementation intentions (i.e., if-then plans) to facilitate non-habitual motor responses in a controlled
experimental setting. We explored this research question by using a Simon task where problems of action
control due to habitual responding are prevalent.
Results showed that stimuli specified in if-then plans
were associated with a reduced Simon effect as compared to unspecified (control) stimuli. Importantly,
patients with arm hemiparesis were able to successfully form and execute their if-then plans, benefitting
action control by their affected arm. This suggests
that making if-then plans enables patients with hemiparesis to willfully reduce habitual responding. This
is a first indication of the possibility that a similar
technique might allow patients with hemiparesis to
reduce habitual use of their non-affected arm rather
than making use of their residual motor capacity in
the affected arm.
After a stroke, insufficient use and training of the
affected hand becomes a central concern. This is
thought to reflect learned suppression of the affected
arm, which may persist even after motor recovery has
occurred (Sterr, Freivogel, & Schmalohr, 2002). Consistent with this view, even though all participants in
the present study showed minor or moderate impairment due to hemiparesis, motor function as assessed
in the Simon task was no worse for the affected than
the non-affected arm. Indeed, accuracy in Block 1
was higher for the affected than the non-affected
arm. This hints at a speed-accuracy trade-off, given
that RTs were also slightly higher for the affected
arm. However, no strong conclusions can be drawn
here because this RT difference was not statistically
significant.
Today, one of the most influential treatments for
hemiparesis is constraint-induced movement therapy
(CIMT; Taub et al., 1993, 2006). While the original
version with six hours of suggested motor training of
the affected and restraint use of the non-affected arm
(and still three hours with the modified CIMT) can be
daunting and also difficult to implement, the efficacy
of the major “ingredients” of CIMT like intensive
repetitive motor training and shaping of the activities of everyday life (e.g., by making these activities
gradually more difficult) is high. Transferring therapeutic gains from the treatment setting to the daily life
was found to increase the gains by the factor of 2.4.
(Taub et al., 2013). Still, teaching patients to form

3.2.2. Second block of test trials
PE was low for the affected arm (M = 5.26%;
SE = 1.61) and the non-affected arm (M = 4.03%,
SE = 1.48). A 2 (Arm: affected vs. non-affected) × 2
(Stimulus: critical vs. control) × 2 (Compatibility: corresponding vs. non-corresponding)
ANOVA revealed a three-way interaction effect,
F(1,16) = 7.01, p = 0.03, η2p = 0.30. Pairwise
comparisons indicated a significant difference
(p = 0.049) between performance in the critical noncorresponding trials for the affected arm (M = 3.53%)
compared to the control non-corresponding trials for
the affected arm (M = 10.62%). No other pairwise
comparisons turned out to be significant. There
was also a main effect of Stimulus, F(1,16) = 4.73,
p = 0.05, η2p = 0.23, showing a lower percentage of
errors for critical versus control trials. No other
effects were found, all Fs(1,16) < 1, ns. To test
whether decreased response times might have
been due to response time-error rate tradeoffs, two
separate 2 (Stimulus: critical vs. control) × 2 (Compatibility: corresponding vs. non-corresponding)
ANOVAs for each arm were conducted. Neither the
analysis for the affected arm nor the analysis for
the non-affected arm revealed any interaction or
main effects, all Fs (1,16) < 3.71, all ps > 0.07 (see
Table 1, Block 2, Critical and Control).
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respective implementation intentions could provide
a new, highly convenient way to promote controlled
use of the affected arm while counteracting learnednonuse. If supported by future research testing actual
clinical relevance and application, this self-regulation
strategy might complement conventional techniques
to improve motor control in stroke patients.
Studies of use-dependent plasticity indicate that
the sensorimotor system adapts as a result of skilled
activities such as reading Braille or playing violin
(Elbert et al., 1995; Pascual-Leone et al., 1995).
Conversely, motor restriction can lead to rapid
sensorimotor adaptation. For example, by using transcranial magnetic stimulation it could be shown that
short-term motor restriction decreased motor cortical excitability (Facchini et al., 2002). Moreover, 48
hours of hand immobilization were found to lead to
impaired motor imagery for the immobilized hand
(Toussaint & Meugnot, 2013). However, there was
no effect on visual imagery, suggesting that motor
restriction may have selective effects on motor representations. The brain systems involved in these
motor representations are likely to be distinct from
those involved in action control by implementation
intentions. For example, fMRI evidence suggests that
non-motor brain regions such as rostral prefrontal
cortex (BA10) play an important role in action control by if-then plans (Gilbert et al., 2009). One of the
potential advantages of an implementation intention
strategy, therefore, is that it could potentially utilize
spared visual and cognitive control mechanisms in
order to boost motor function. This would especially
be the case if the “if” component of the if-then plan
was specified with respect to visual rather than motor
triggers.
Despite some encouraging results, the current
research must be perceived as a first step to investigate
the potential of implementation intentions for treatment of patients suffering from hemiparesis. Several
limitations must be addressed in further research to
support the clinical relevance and applicability of
implementation intentions for therapeutic use. First,
the current study was implemented with a small sample with heterogeneity of stroke localization which
was due to the primary selection criterion of being
able to follow task instructions. The selection criterion of mild-to-moderate arm hemiparesis was based
on clinical judgement rather than an a priori score
obtained via a validated instrument such as the Motor
Activity Log. However, one might note that heterogeneity as well as varying average time since
onset suggests that the effect is not restricted to a

particular “sensitive period” or type of stroke (Zeiler
et al., 2016). Second, the current study tested short
term reaction time effects and did not concentrate on
therapeutic long-term benefits. Third, the study was
implemented within a controlled experimental setting not reflecting the real-life environments where
therapeutic treatment needs to be effective. To ensure
that the found implementation intention effects are
meaningful and generalizable for clinical application,
further research is thus required to test whether our
findings can be used to translate current insights into a
meaningful therapeutic approach. In sum, the current
research provides an early proof-of-concept that the
use of if-then plans could turn out to be a simple and
efficient means to improve therapy of patients suffering from hemiparesis after stroke and to counteract
learned non-use.
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