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Two experiments investigate the influence of goal and implementation intentions on effort mobilization during
task performance. Although numerous studies have demonstrated the beneficial effects of setting goals andmak-
ing plans on performance, the effects of goals and plans on effort-related cardiac activity and especially the car-
diac preejection period (PEP) during goal striving have not yet been addressed. According to the Motivational
Intensity Theory, participants should increase effort mobilization proportionally to task difficulty as long as suc-
cess is possible and justified. Forming goals andmaking plans should allow for reduced effort mobilization when
participants perform an easy task. However, when the task is difficult, goals and plans should differ in their effect
on effortmobilization. Participantswho set goals should disengage,whereas participantswhomade if-then plans
should stay in thefield showinghigh effortmobilization during task performance. As expected, using an easy task
in Experiment 1, we observed a lower cardiac PEP in both the implementation intention and the goal intention
condition than in the control condition. In Experiment 2, we varied task difficulty and demonstrated that while
participants with a mere goal intention disengaged from difficult tasks, participants with an implementation in-
tention increased effort mobilization proportionally with task difficulty. These findings demonstrate the influ-
ence of goal striving strategies (i.e., mere goals vs. if-then plans) on effort mobilization during task performance.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Success in goal attainment is highly increased by forming plans.
While goal intentions are built as “I intend to achieve X!” with X
representing a desired future, outcome or behavior, implementation in-
tentions are planswith the format of “If I encounter situation X, then I will
initiate response Y!” Forming an if-then plan is a self-regulatory goal-
striving strategy facilitating goal attainment (Gollwitzer, 1993, 1999,
2014; Oettingen and Gollwitzer, 2010). Such plans link an anticipated
critical situation (i.e., opportunity or obstacle) to an instrumental goal-
directed cognitive, affective, or behavioral response. While goal inten-
tions specify a desired future only, implementation intentions spell
out when, where (by specifying the if-component) and how (by speci-
fying the then-component) this desired future shall be attained. It has
been demonstrated in extensive research that adding implementation
intentions to one's goal intentions is an effective self-regulation strategy
for promoting goal attainment (see Wieber et al., 2015). However, the
question of the influence of implementation intentions on effort-related
cardiac activity during task performance is still unanswered.
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Using an if-then plan has for instance been shown to help attaining
long-term academic goals (Duckworth et al., 2011), to reduce self-
handicapping (Thürmer et al., 2013), to help decrease the consumption
of unhealthy snacks (Adriaanse et al., 2009), increase vitamin intake
(Sheeran and Orbell, 1999), eat a healthy diet (Chapman and
Armitage, 2012; Verplanken and Faes, 1999), facilitate recycling behav-
ior (Holland et al., 2006) as well as breaking old habits (e.g., unhealthy
snacking) and creating new ones (Adriaanse et al., 2011). By linking
an anticipated critical situation to a goal-directed response, implemen-
tation intentions have been found to increase both people's perceptual
and behavioral readiness when the critical cue specified in the if-then
plan is encountered. Forming implementation intentions leads to a
heightened activation of themental representation of the specified critical
situational cue, thus increasing its cognitive accessibility (e.g., Achtziger
et al., 2012, Study 1; Parks-Stamm et al., 2007), and it also leads to
“strategic automaticity.” Once the critical situation is encountered, the
specified goal-directed response is initiated immediately (Gollwitzer
and Brandstätter, 1997), efficiently (Brandstätter et al., 2001), with low
controllability (Achtziger et al., 2012, Study 2; Wieber and Sassenberg,
2006), and low conscious involvement (Bayer et al., 2009).

Although many studies by now have demonstrated the positive in-
fluence of implementation intentions on task performance and, in addi-
tion, delineated the underlying cognitive processes, there is no direct
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evidence for the effects of implementation intentions on effort-related
cardiac activity during task performance. Therefore, the aim of the pres-
ent research is to investigate the influence of implementation intentions
on effort mobilization during task performance.

2. Effort-related cardiovascular response

According to the Motivational Intensity Theory (Brehm and Self,
1989), effort is mobilized proportionally to subjectively experienced
task demand as long as success is possible and justified. This model,
based on the principle of conserving resources, posits that individuals
avoid wasting energy and thus mobilize resources proportionally to
subjective task demand as long as success appears possible and
attaining it justifies the mobilization of effort. On the basis of this psy-
chophysiological literature (Obrist, 1981; Kelsey, 2012; Wright, 1996),
we quantify effort mobilization by performance-related changes in car-
diac contractility force regarding the cardiac pre-ejection period (PEP).

Based on Wright's (1996) integration of the Motivational Intensity
Theory (Brehm and Self, 1989) and Obrist's (1981) active coping ap-
proach, it has been demonstrated that beta-adrenergic receptor activity
is directly proportional to the level of experienced task demand, given
that success is perceived as possible and effort seems justified. In a
non-invasive way, the increase of beta-adrenergic receptor activity re-
lates to the increase of cardiac contractility. A strong cardiac contractil-
ity indicates a higher effort mobilization. Among the different cardiac
indicators, the increase of the cardiac contractility speaks to a shortened
cardiac PEP. The cardiac pre-ejection period is defined as the time inter-
val between the onset of the heart's left ventricular excitation and the
opening of the aortic valve (Berntson et al., 2004). This cardiac index
(measured in milliseconds) refers directly to the cardiac contractility
(the inherent strength of the heart's contraction) of the left ventricle be-
fore blood is ejected into the vasculature system. Cardiac PEP is directly
influenced by β-adrenergic impact, and is the most reliable indicator of
the cardiac contractility force, and thus of effort mobilization during
task performance (Kelsey, 2012).

In support ofWright's integrativemodel (Wright, 1996), cardiac PEP
sensitively responds to variations in task difficulty (Freydefont et al.,
2012; Richter et al., 2008; Richter, 2012; Richter et al., 2012;
Silvestrini and Gendolla, 2013). Various studies also assessed effort in
terms of reactivity of systolic blood pressure (SBP), systematically influ-
enced by cardiac contractility through its impact on cardiac output (see
Gendolla and Richter, 2010; Wright and Kirby, 2001). However, both
systolic and diastolic blood pressure (DBP) are also influenced by pe-
ripheral vascular resistance, which is not systematically influenced by
β-adrenergic impact (Levick, 2003) and can thus mask contractility ef-
fects on SBP and DBP. Still other studies (e.g., Eubanks et al., 2002)
have quantified effort in terms of heart rate response (HR). However,
HR is influenced by both sympathetic and parasympathetic activity of
the heart and thus only reflects effort mobilization if the sympathetic
activity is stronger than the parasympathetic activity (Berntson et al.,
2004). In sum, of all of the indicators of effort intensity listed above, car-
diac PEP is considered to be the most reliable and valid (Kelsey, 2012).
Nevertheless, cardiac PEP should always be assessed together with
blood pressure and HR to control for possible pre-load (ventricular fill-
ing) or after-load (arterial pressure) effects (Sherwood et al., 1990).

3. The present research

Based on both previous research on forming goal and implementa-
tion intentions and the literature on effort mobilization during task per-
formance, we conducted two experiments in order to investigate the
moderating effect of goal and implementation intentions on effort-re-
lated cardiac activity during task performance. Goal intentions achieve
their beneficial effects on goal attainment via the induction of a commit-
ment to reach the goal at hand. As long as the goal is easy or only mod-
erately difficult this commitment assures goal attainment (e.g., Locke
and Latham, 1990, 2013). However, when goal striving is very challeng-
ing, the forming of implementation intentions is needed to attain one's
goals (Oettingen, 2012). Forming implementation intentions facilitates
goal attainment by creating an automaticity regarding the initiation of
goal-directed responses (summary by Gollwitzer, 2014). Once the crit-
ical situation specified in the implementation intention is encountered,
goal-directed responses are initiated swiftly and efficiently (e.g.,
Brandstätter et al., 2001). Therefore, based on Brehm and Self (1989),
we hypothesized that action control by implementation intentions (as
it runs off in an effortless way) should reduce the perceived task de-
mand and subsequent effort mobilization during task performance.

Experiment 1 investigates the influence of forming goal intentions
and implementation intentions (compared to a control group with
mere task instructions) on effort mobilization during the performance
of an easy classification task (i.e., a straightforward number identifica-
tion task). We predicted a lower effort-related cardiac activity in both
the implementation intention and the goal intention conditions com-
pared to the control condition. However, as perceived task demand is
also influenced by the level of task difficulty (i.e., the more difficult the
task, the higher the experienced task demand as long as success is pos-
sible and justified; Richter et al., 2008), we designed Experiment 2 to in-
vestigate the conjoint impact of task difficulty and having formed goal
vs. implementation intentions on effort mobilization during a difficult
and very difficult dual task. In line with the Motivational Intensity The-
ory (Brehm and Self, 1989), we predicted that participants in the goal
intention condition should readily disengage when the task becomes
very difficult, as success is no longer perceived as possible and thus ef-
fortmobilization does not seem to be justified anymore. In contrast, par-
ticipants who formed implementation intentions should “stay in the
field;” their effort-related cardiac activity should be higher in the very
difficult task condition, as successful task performance still appears fea-
sible and justified.

4. Experiment 1: Themoderating effect of goal and implementation
intentions on effort–related cardiac activity during easy task
performance

Past research on goals and plans shows that committing to easy
goals facilitates goal attainment (Locke and Latham, 1990). Moreover,
making additional plans on how to reach these goals does not provide
a further benefit (Gollwitzer and Sheeran, 2006). Rather, forming
mere goal intentions suffices to promote goal striving. Based on these
findings and according to the Motivational Intensity Theory (Brehm
and Self, 1989), we posited that both the goal intention strategy and
the implementation intention strategy should moderate task demand
when having to perform an easy task, and as a consequence, should re-
duce effort mobilization during task performance. In order to provide
evidence of a moderating effect of goal and implementation intentions
on effort-related cardiac activity, an experiment composed of three con-
ditions (goal intention, implementation intention, and control) was
conducted. Assessing cardiovascular activity, SBP, DBP, HR, and espe-
cially cardiac PEP as a direct measure of effort mobilization during
task performance, we predicted a weaker cardiac PEP reactivity in
both the goal and the implementation intention conditions as compared
to the control condition (where participants only received task
instructions).

4.1. Method

4.1.1. Participants and design
Sixty healthy undergraduate psychology students (37 women,

Mage = 19.91, SD = 1.38) from New York University were randomly
assigned to one of 3 experimental conditions (goal intention vs. imple-
mentation intention vs. control). Participation in this experiment was
voluntary and course credit was given for participation. However, data
from 13 participants were excluded because of incomplete data due to



Table 1
Means (and standard errors) of the cardiovascular baseline values in Experiment 1.

Goal intention
(n = 16)

Implementation intention
(n = 15)

Control
(n = 16)

Cardiac PEP 109.73 (5.52) 109.73 (5.52) 110.98 (11.09)
SBP 106.42 (2.53) 105.11 (2.40) 105.50 (2.72)
DBP 60.55 (1.44) 59.22 (2.03) 61.31 (1.22)
HR 72.06 (3.33) 76.00 (3.74) 71.89 (3.20)

Note. Cardiac PEP = pre-ejection period (in ms), SBP = systolic blood pressure (in mm
Hg), DBP = diastolic blood pressure (in mm Hg), HR = heart rate (beats/min).
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technical problems (i.e., cardiac activity assessment was missing),
resulting in a final sample of 47 participants.

4.1.2. Apparatus and physiological measures
We assessed cardiovascular activity with AcqKnowledge 4.2, Biopac

System, Inc. software. Four disposable tapes were placed around the
participant's neck and torso (at the height of the xiphoid), and 2 elec-
trodes were placed on the torso. Electro-cardiac signals were assessed
during the entire duration of the experiment with a sampling rate of
1000 Hz and analyzed with the BlueBox 2 v1.22 software (Richter,
2010). The first derivative of the change in thoracic impedance was cal-
culated and the resulting dZ/dt-signal was averaged over periods of
1 min using the detected R-peaks (Kelsey and Guethlein, 1990). To ob-
tain cardiac PEP values (time interval in ms between R-onset and B-
point, as defined by Berntson et al., 2004), B-point locationwas estimat-
ed based on the RZ interval as suggested by Lozano et al. (2007).When-
ever necessary, the B-point location was manually corrected as
recommended by Sherwood et al. (1990). Moreover, we assessed SBP
and DBP with a Dinamap ProCare V100 monitor (GE Medical Systems
Information Technologies Inc.,Milwaukee,WI)whichuses oscillometry.
A blood pressure cuff (DuraCuf) was placed above the brachial artery of
the participant's left arm. The cuff automatically inflated in one-minute
intervals during habituation and task performance periods. Systolic and
diastolic pressure values were recorded each minute during these two
periods.

4.1.3. Material and procedure
The study was approved by the local ethics committee. In the pres-

ent experiment, we used a classification task inspired by Brandstätter
et al. (2001), in which participants had to distinguish single-digit num-
bers from multiple-digit numbers.

4.1.3.1. The digit classification task. Each of the 60 trials startedwith a fix-
ation cross in the center of the screen for 1000ms followed by a single or
multiple digit number for 3000 ms maximum. Participants had to indi-
cate whether this number was a single (1, 3, 5, 7 or 9) or multiple digit
number (16, 39, 44, 694, or 555) by pressing the green button (single
digit number) or the red button (multiple digit number) on the key-
board. Afterwards, the message “response entered” appeared. In case
of no response, participants were shown the message: “Please answer
more quickly!” To keep the task duration constant and avoid a habitua-
tion effect, this message appeared for 4 s minus the participant's reac-
tion time. The inter-trial intervals randomly varied between 2000 ms
and 5000 ms. In each experimental condition, the number “3”was pre-
sented in 15% of the trials. 50% of the trials presented a single digit num-
ber, and 50% showed multiple digit numbers.

4.1.3.2. Procedure. The experiment was run in individual sessions. After
having signed the informed consent form, participants were seated in
a comfortable chair in front of a computer screen. First, the experiment-
er attached tapes, electrodes and the blood pressure cuff to the partici-
pant and then left the room. At the beginning of the experiment,
participants answered simple biographical questions (age, smoker, fam-
ily history of cardiovascular disease, medication influencing the cardio-
vascular system). Thereafter, we recorded the cardiovascular baseline
activity (8 min) during the habituation period. During this period, par-
ticipants watched a documentary film of neutral valence about Lithua-
nia (Freydefont and Gendolla, 2012).

Finally, participants received instructions for the digit classification
task, followed by a “Please respond as quickly and accurately as possi-
ble!” No information regarding the task difficulty was given in order
to keep the level of difficulty unclear. After a training session composed
by 10 trials, supplementary instructions according to the experimental
condition appeared on the screen for a duration of two minutes. In the
goal intention condition, participants were instructed to tell them-
selves: “I will press the green key especially quickly when the number
3 appears!” In the implementation intention condition, participants
were instructed to tell themselves: “IF the number 3 appears, THEN I
will press the green key especially quickly!” Participants in the control
condition were instructed to look at the number 3: “Please, look at the
number 3!” Then participants performed the 60 trials of the digit classi-
fication task.

After performing the task, participants retrospectively rated the per-
ceived subjective task difficulty, ability to succeed, amount of mobilized
effort, and the importance of success on 7-point scales ranging from 1
(not at all) to 7 (very much). We did this to check whether the various
task instructions given to participants in the three conditions differen-
tially affected the subjective perception of certain features of task per-
formance. At the end of the experiment, participants were debriefed,
thanked, and given course credit for their participation.
4.2. Results

4.2.1. Cardiovascular baselines
Baseline values for cardiac PEP, SBP, DBP, and HRwere calculated by

averaging cardiovascular values from the last three minutes of the ha-
bituation period (all Cronbach's αs N 0.92). Means and standard errors
are depicted in Table 1. One-wayANOVAs revealed no significant effects
of conditions on any cardiovascular index (all ps N 0.58). Also, statistical
analyses indicated that therewasnogender effect on any cardiovascular
baseline values (ps N 0.08) except for the systolic blood pressure. Com-
pared to women, men had higher SBP (respectively M = 113.70, SE =
1.28 and M = 100.02, SE = 1.56), F(1, 46) = 40.38, p b 0.01, ηp2 =
0.48, which is consistent with previous findings (Wolf et al., 1997). Ac-
cordingly, we adjusted for gender in the statistical analyses regarding
SBP reactivity.
4.2.2. Cardiovascular reactivity
Cardiovascular reactivity scores for cardiac PEP, SBP, DBP, and HR

were determined by subtracting cardiovascular baseline from the aver-
aged 1 min scores of cardiovascular activity during task performance
(all Cronbach's αs N 0.94). This means that a high negative score indi-
cates high effort mobilization, whereas a low negative score indicates
low effort. Preliminary analyses observed no significant gender effects
on any cardiovascular index (ps N 0.18).
4.2.2.1. Cardiac PEP reactivity. According to our hypothesis, we conduct-
ed an a priori contrast analysis (goal intention: -1, implementation in-
tention: -1, control condition: 2) showing a significant main effect of
goal striving strategies on cardiac PEP reactivity, t(44) = 3.49,
p b 0.002, d= 1.05. Also, as depicted in Fig. 1, focused cell comparisons
showed a significant weaker cardiac PEP reactivity in the goal intention
condition (M = 1.47, SE = 1.43) than in the control condition
(M = −7.03, SE= 2.21), t(44) = 3.51, p b 0.001, d = 1.06. Moreover,
cardiac PEP reactivity in the implementation intention condition was
also significantly weaker (M = −0.84, SE = 1.37) than in the control
condition (M = −7.03, SE = 2.21), t(44) = 2.51, p b 0.001, d = 0.75.
No significant difference was found between the goal intention and
the implementation intention condition (p N 0.35).



Fig. 1. Cell means and standard errors of cardiac pre-ejection period reactivity (in ms)
during task performance in Experiment 1. Lower scores are indicating more effort
expenditure during task performance.
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4.2.2.2. SBP, DBP, andHR reactivity.When the same a priori contrast anal-
ysis was conducted for SBP, DBP, andHR, it did not reveal any significant
effects (ps N 0.45). Moreover, we conducted an ANCOVA on the SBP re-
activity with gender as covariate and found no significant gender effect
(p N 0.24). Means and standard errors are depicted in Table 2.

4.2.3. Task performance
As recommended (Winer, 1971), extreme reaction time (RT) out-

liers (i.e., RTs N 2 standard deviations above and below the mean of
each response) were excluded. Moreover, RTs were natural log trans-
formed before entering them into the analyses, as these variables
were positively skewed. However, for ease of interpretation, all report-
ed mean scores and standard deviations are presented with the non-
transformed RTs (for a similar approach see Custer and Aarts, 2007;
De Houwer, 2003; Kroese et al., 2011). As participants were asked to
focus on the number “3,” our critical performance analysis pertained
to the target stimulus “3.” Participants in the goal intention condition
(M= 405.53, SE= 10.45) and the implementation intention condition
(M = 400.64, SE = 13.76) were faster than participants in the control
condition (M = 475.16, SE = 18.09), overall F(2, 44) = 6.80,
p b 0.004, ηp2 = 0.27. More specifically, planned comparisons between
conditions revealed that participants in the goal intention condition
were significantly faster than participants in the control condition,
t(44) = 3.44, p b 0.001, d = 0.93. A similar pattern was observed for
participants in the implementation intention condition, t(44) = 3.62,
p b 0.001, d=0.98; participants in the implementation intention condi-
tion were significantly faster than participants in the control condition.
No significant difference was found between the goal intention condi-
tion and implementation intention condition (p = 0.96). Also, we
Table 2
Means (and standard errors) of the SPB, DBP and HR reactivity scores during task perfor-
mance in Experiment 1.

Goal intention
(n = 16)

Implementation intention
(n = 15)

Control
(n = 16)

SBP 0.87 (1.34) 0.78 (0.60) 0.79 (0.87)
DBP 0.62 (0.99) 1.03 (0.77) 1.39 (0.81)
HR −0.52 (1.84) 1.19 (0.95) 1.56 (0.94)

Note. SBP and DBP = systolic and diastolic blood pressure (in mm Hg), HR = heart rate
(beats/min).
observed no significant effect of condition on the percentage of correct
responses regarding the target number“3,” (overall M = 92.13, SE =
0.21), p = 0.38.

A three-condition one-way ANOVA revealed a significantmain effect
of condition on response times (inms) for all of the numbers (excluding
the number “3”), F(2, 44) = 3.62, p = 0.03, ηp2 = 0.14. Participants in
both the goal and implementation intention condition responded sig-
nificantly faster (M = 425.67, SE = 11.73 and M = 427.49, SE =
14.20, respectively) than participants in the control condition (M =
476.69, SE= 18.55). Planned comparisons showed a significant differ-
ence between the goal intention and the control condition, t(44) =
2.35, p b 0.001, d=0.71, as well as between the implementation inten-
tion and the control condition, t(44)=2.29, p b 0.001, d=0.69.We ob-
served no significant effect of the goal striving strategies between the 3
experimental conditions regarding the percentage of correct responses
(excluding the responses to the number “3”), (M = 94.17, SE = 0.01),
p N 0.37.
4.2.4. Task ratings
ANOVAs on participants' ratings regarding task difficulty (M=1.95,

SE=0.19), mobilized effort (M=2.65, SE=0.23), the subjective value
of success (M= 3.77, SE= 0.21), and the ability to succeed (M= 3.70,
SE = 0.27) revealed no significant effects of condition (all ps N 0.27).
This suggests that the differences observed between conditions in
terms of effort mobilization cannot be attributed to differential subjec-
tive perception of these features of task performance.
4.3. Discussion

In Experiment 1,we investigated the influence of goal intentions and
implementation intentions on effort-related cardiac response during
easy task performance. A total of 47 university students were randomly
assigned to one of three conditions (goal intention vs. implementation
intention vs. control) in a between-participants design. Based on nu-
merous studies showing the effectiveness of both forming goal and im-
plementation intentions on attaining easy goals and stimulated by the
Motivational Intensity Theory (Brehm and Self, 1989), we suggested
that both goal intentions and implementation intentions should
reduce task demand and thus effort mobilization during easy task
performance. As predicted, we observed a weaker cardiac PEP in
both goal and implementation intention conditions than in the
control condition. Moreover, results regarding performance in term
of response times revealed a better performance in both the goal
intention and the implementation intention conditions as compared
to the control condition.

Both participants in the goal intention and in the implementation in-
tention conditions performed better than participants in the control
condition. This finding is due to the fact that the chosen digit classifica-
tion task (i.e., one digit numbers vs. multiple digit numbers) was very
easy. Indeed, research on implementation intentions consistently
shows that the beneficial effects of forming implementation intentions
on goal attainment in comparison to mere goal intentions accrue only
when the task goal at hand is difficult to reach (Gollwitzer, 2014).More-
over, according to the principle of energy conservation posited by
Brehm and Self in the Motivational Intensity Theory (Brehm and Self,
1989), people mobilize only the level of effort needed during task per-
formance, not more. Accordingly, the low level of cardiac PEP reactivity
in both goal intention and implementation intention conditions regard-
ing effort mobilization suggests that low task difficulty resulted in a
ceiling effect regarding performance; both goal intention and imple-
mentation participants managed to do very well on the task with little
effort mobilization. Accordingly, in Experiment 2 we decided to
establish two different levels of task difficulty: difficult versus very
difficult.
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5. Experiment 2: Task difficulty and goal striving strategies: influ-
ence of goal and implementation intentions on effort-related cardi-
ac activity during task performance

Experiment 2 manipulated 2 levels of task difficulty, difficult and
very difficult, and assessed effort-related cardiac activity during task
performance. We hypothesized that in the difficult task condition, par-
ticipants with implementation intentions will mobilize a lower amount
of effort than both participants with mere goal intentions and control
participants. Because participants in the implementation intention con-
dition should experience the task as rather easy (because of the efficien-
cy associated with action control by implementation intentions), they
should exert only the low amount of effort necessary for them to suc-
ceed at a difficult task. In contrast, participants in the goal intention con-
dition should evaluate the difficult task as challenging and therefore
mobilize a large amount of effort matching a high level of difficulty.
However, in the very difficult task condition, participants with imple-
mentation intentions should mobilize more effort than participants
with goal intentions and participants in the control condition. Because
the latter participants should experience the task as too difficult, they
should see high effort mobilization as no longer justified, and thus
these participants (i.e., goal intention and control condition partici-
pants) should disengage. In contrast, participants with implementation
intentions should experience the very difficult task as still possible, and
thus they should increase their effort tomatch effort mobilization to the
high degree of perceived demand in order to succeed.

5.1. Method

5.1.1. Participants and design
Ninety healthy undergraduate psychology students from New York

University (55 women, Mage = 19.58, SD = 1.21) were randomly
assigned to a 3 goal striving strategies (goal intention vs. implementa-
tion intention vs. control) × 2 levels of task difficulty (difficult vs. very
difficult) between-participants design. Data from 12 participants were
excluded from statistical analyses because of incomplete data, and 10
participants were excluded for technical problemsmaking the obtained
physiological data non-usable; this resulted in a final sample of 72 par-
ticipants (41 women,Mage = 19.53, SD= 1.23). Participation was vol-
untary and course credit was given for participation.

5.1.2. Apparatus and physiological measures
We assessed cardiovascular activity with the identical material as in

Experiment 1, AcqKnowledge 4.2, Biopac System, Inc. software. Electro-
cardiac signals were assessed during the entire experiment with a sam-
pling rate of 1000 Hz and analyzed with the BlueBox 2 v1.22 software
(Richter, 2010) as in Experiment 1. Moreover, we assessed SBP and
DBP with a Dinamap ProCare V100monitor (GEMedical Systems Infor-
mation Technologies Inc., Milwaukee, WI). Systolic and diastolic pres-
sure reactivity scores were recorded each minute during the
habituation period and the task.

5.1.3. Materials and procedure
The present procedure was approved by the local ethics committee.

We used a dual-task paradigm adopted from Wieber, Sezer, and
Gollwitzer (Study 2, 2014).

5.1.3.1. The dual-task paradigm. Because multi-tasking is commonly ex-
perienced as very demanding (e.g., Appelbaum et al., 2008;
Czerwinski et al., 2004), we decided to use a dual task paradigm com-
bining a tracking task with a go/no go classification task in Experiment
2. Participants had to cover a circle (1.7 cm diameter) moving on a ran-
dom course across the computer screen with a larger mouse-controlled
second circle. We manipulated the level of task difficulty by controlling
the size of themouse-circle (4.2 cm diameter in the difficult task condi-
tion vs. 2.3 cm diameter in the very difficult task condition). In addition
to this tracking task, participants had to perform a go/no-go classifica-
tion task. In this additional task, participants had to discriminate letters
from numbers by pressing the left mouse button whenever numbers
appeared in the target circle and to refrain from pressing any button
when a letter appeared. As the instructions for the tracking and the clas-
sification task were provided at the same time and did not mention a
primary or a secondary task, we focused on the reaction times of correct
pressing responses as the dependent variable.

5.1.3.2. Procedure. As in Experiment 1, the procedure started with the
signing of the consent form and the preparation of the cardiovascular
assessment, followed by the biographical questions and the recording
of the cardiovascular baseline activity (8 min) during the habituation
period. Then participants received instructions for the dual task accom-
panied by the quote “Please respond as quickly and accurately as possi-
ble!” As in Experiment 1, no information regarding the level of task
difficulty was given. After the training session, supplementary instruc-
tions specific to the experimental condition appeared on the screen
for a duration of two minutes. In the goal intention condition, partici-
pants were instructed to tell themselves: “I will click the left mouse but-
ton very quickly when a number appears!” In the implementation
intention condition, participants were instructed to tell themselves:
“IF a number appears, THEN I will click the left mouse button very
quickly!” Participants in the control condition were instructed to look
for numbers: “I will pay particular attention to the numbers!” Then par-
ticipants performed the 48 trials of the dual task (6min). After finishing
the task, participants retrospectively rated subjective task difficulty,
ability to succeed, amount of mobilized effort, and the importance of
success on 7-point scales ranging from 1 (not at all) to 7 (verymuch). Fi-
nally, participants were debriefed, thanked, and given course credit for
their participation.

5.2. Results

5.2.1. Cardiovascular baselines
Baseline values were calculated by averaging cardiovascular values

from the last 3 min of the habituation period (all Cronbach's
αs N 0.94). Cell means and standard errors are depicted in Table 3. A
2 × 3 ANOVA found neither significant effects of the goal striving strat-
egies factor nor an effect of the task difficulty factor on any cardiovascu-
lar index (ps N 0.11). Preliminary statistical analyses indicated that there
was no gender effect on any cardiovascular baseline values (ps N 0.16)
except for the SBP and HR. As in Experiment 1, compared to women,
men had higher SBP (M = 114.41, SE = 1.58 vs. M = 103.71, SE =
1.20), F(1, 70) = 30.24, p b 0.001, ηp2 = 0.30. Moreover, we also ob-
served that men had higher HR (M = 80.72, SE = 1.95) than women
(M = 74.42, SE = 2.12), F(1, 70) = 4.74, p b 0.04, ηp2 = 0.06, which is
consistentwith the respective research literature (Wolf et al., 1997); ac-
cordingly, we adjusted for gender in the further analyses on SBP andHR.

5.2.2. Cardiovascular reactivity
Cardiovascular reactivity scores for cardiac PEP, SBP, DBP, and HR

were determined by subtracting cardiovascular baseline values from
the averaged 1 min scores of cardiovascular activity during task perfor-
mance (all Cronbach's αs N 0.94). Preliminary analyses found no signifi-
cant gender effects on any cardiovascular indicators (ps N 0.16). After
having conducted conventional ANOVAs for each cardiovascular index,
we tested our predictions by a priori contrast analyses.

5.2.2.1. Cardiac PEP reactivity. First, we conducted an a priori contrast
analysis in accordance with our predictions. In order to demonstrate
the moderating effect of implementation intentions on effort-related
cardiac activity in Experiment 2, we used a dual task paradigm that
clearly qualifies as a difficult task in comparison to the easy task used
in Experiment 1. Given that the dual task in Experiment 2 has to be con-
sidered to be more difficult than the digit number task of Experiment 1,



Table 3
Means (and standard errors) of the cardiovascular baseline values in Experiment 2.

Difficult task Very difficult task

Goal intention
(n = 12)

Implementation intention
(n = 10)

Control
(n = 15)

Goal intention
(n = 15)

Implementation intention
(n = 12)

Control
(n = 8)

Cardiac PEP 114.57 (4.75) 116.75
(5.02)

121.87 (3.59) 113.08
(6.26)

108.78 (5.36) 110.37 (6.91)

SBP 110.07 (2.63) 109.78
(3.71)

108.47 (2.80) 106.45
(2.81)

107.73 (2.13) 107.54 (2.99)

DBP 60.07
(1.65)

59.81
(1.79)

63.44
(1.45)

63.82
(1.80)

62.02
(1.30)

61.12
(1.93)

HR 75.73
(4.05)

81.78
(4.13)

77.42
(3.72)

79.91
(4.08)

75.60
(2.77)

77.62
(3.63)

Note. Cardiac PEP = pre-ejection period (in ms), SBP = systolic blood pressure (in mmHg), DBP = diastolic blood pressure (in mm Hg), HR = heart rate (beats/min).
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we had to adjust our predictions concerning the implementation inten-
tion and goal intention conditions in the difficult task condition. Accord-
ingly, we specified the contrast weights as follows: goal intention/
difficult: -1, implementation intention/difficult: 2, control/difficult: - 1,
goal intention/very difficult: 1, implementation intention/very difficult:
-2, control/very difficult: 1). Results showed a significant joint effect of
goal striving strategies and task difficulty on the cardiac PEP, t(66) =
2.24, p b 0.03, d= 0.55. As depicted in Fig. 2, in the difficult task condi-
tion we observed a weaker cardiac PEP reactivity for the implementa-
tion intention participants (M = 0.37, SE= 2.19) as compared to both
goal intention (M = −2.78, SE = 1.82) and control participants
(M = −2.42, SE= 1.29). Importantly, for the very difficult task condi-
tion, we observed that participants with implementation intentions in-
creased effort (M = −2.18, SE = 1.56) compared to the difficult task
condition (M=0.37, SE=2.19). In contrast, participants in the goal in-
tention and control conditions showed the opposite pattern (respec-
tively, M = 4.28, SE = 2.01 and M = −1.25, SE = 1.06). Supporting
our hypothesis regarding the moderating effect of implementation in-
tentions on effort-related cardiac activity, planned comparisons indicat-
ed that in the very difficult task condition, the cardiac PEP response in
the implementation intention condition was significantly stronger
than in the goal intention condition, t(66) = 2.77, p b 0.01, d = 0.68.
We also observed a significant difference between the goal intention/
difficult task condition (M = −2.78, SE = 1.82) and goal intention/
very difficult task condition (M = 4.28, SE= 2.01), revealing a weaker
cardiac PEP reactivity in the goal intention/very difficult task condition,
t(66) = 2.74, p b 0.01, d = 0.67. Finally, no significant difference was
Fig. 2.Cellmeans and standard errors of cardiac pre-ejection period reactivity (inms) during tas
task performance.
found between the implementation intention condition and the goal in-
tention condition in the difficult task condition (p N 0.11). There were
also no significant main effects of the goal striving strategy or the task
difficulty manipulations (ps N 0.21).

5.2.2.2. SBP, DBP and HR reactivity. For SBP, DBP, and HR reactivity, we
conducted the same statistical analyses as for cardiac PEP reactivity.
The respective a priori contrasts showed no significant interaction or
main effects on all of these measures (ps N 0.62) (see Table 4).

5.2.3. Task performance
As recommended (Winer, 1971), extreme reaction time (RT) out-

liers (i.e., N2 standard deviations above and below themean of reaction
times) were excluded. Moreover, RTs were natural log transformed be-
fore entering them into the analyses, as this variable was positively
skewed. However, for ease of interpretation, all reported mean scores
and standard deviations are depicted with the non-transformed vari-
ables as in Experiment 1.We conducted a 2 × 3 ANOVA on the response
times for the correct responses (when participants pressed the left
mouse button for numbers). Results revealed no significant main or in-
teraction effects of goal striving strategy and task difficulty, ps N 0.63.
Moreover, we conducted the same analysis for the percentage of correct
responses (i.e., pressing for numbers but not letters). Results revealed
no significant main or interaction effects for goal striving strategy and
task difficulty on the percentage of correct responses (M = 88.30%,
SE= 2.25), ps N 0.19.
k performance in Experiment 2. Lower scores are indicatingmore effort expenditure during



Table 4
Means (and standard errors) of the SPB, DBP and HR reactivity scores during task performance in Experiment 2.

c Difficult task Very difficult task

Goal intention
(n = 12)

Implementation intention
(n = 10)

Control
(n = 15)

Goal intention
(n = 15)

Implementation intention
(n = 12)

Control
(n = 8)

SBP 3.48
(1.39)

0.63
(1.28)

0.09
(1.90)

1.22
(2.04)

0.08
(1.50)

3.29
(2.25)

DBP 1.15
(1.09)

1.82
(1.39)

−1.15
(0.95)

−1.97
(0.53)

0.25
(1.28)

−0.03
(1.40)

HR 2.38
(0.83)

−0.01
(0.92)

0.83
(0.73)

0.70
(0.90)

2.78
(1.02)

−3.27
(4.58)

Note. SBP = systolic blood pressure (in mm Hg), DBP = diastolic blood pressure (in mmHg), HR = heart rate (beats/min).
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5.2.4. Task ratings
A 3 × 2 ANOVA revealed a significant interaction between goal striv-

ing strategy and task difficulty on the subjective evaluation of task diffi-
culty, F(2, 71) = 8.01, p b 0.01, ηp

2 = 0.19 (see Fig. 3). Findings showed
that in the difficult task condition, participants in the goal intention con-
dition (M = 0.90, SE = 0.46) evaluated the task as easier than partici-
pants in the control condition (M = 1.93, SE = 0.37), t(66) = 1.74,
p b 0.05, d=0.43.We neither observed significant differences between
the implementation intention and goal intention conditions, nor be-
tween the implementation intention and control conditions
(ps N 0.15). We also found that in the difficult task condition, partici-
pants in the implementation intention condition evaluated the task as
more difficult (M = 2.33, SE = 0.35) than participants in the control
condition (M = 0.25, SE = 0.16), t(66) = 3.26, p b 0.01, d = 0.80. We
observed the same pattern when comparing the goal intention condi-
tion (M = 2.58, SE = 0.42) with the control condition (M = 0.25,
SE=0.16), t(66)=3.51, p b 0.01, d=0.86. Therewas no significant dif-
ference in the ratings of task difficulty between the implementation in-
tention and goal intention condition participants (p N 0.32). Finally,
planned comparisons regarding rated task difficulty between conditions
revealed that participants in the implementation intention and goal in-
tention conditions evaluated the difficult task as easier (respectively,
M=1.33, SE=0.41 andM=0.90, SE=0.45) than the difficult task (re-
spectively,M=2.33, SE=0.35 andM=2.58, SE=0.42), t(66)= 1.77,
p b 0.01, d=0.43 and t(66)= 3.51, p b 0.01, d=0.66. However, we ob-
served that participants in the control condition rated the difficult task
(M = 1.93, SE = 0.48) as more difficult than the very difficult task
Fig. 3. Cell means and standard errors of the evaluation of the subjective task difficul
(M = 0.25, SE = 0.16), t(66) = 2.64, p b 0.01, d = 0.65. Moreover, no
significant main effects of goal striving strategy and task difficulty or a
significant interaction effect was found for the self-evaluation of ability
(M = 3.99, SE = 0.23), reported effort mobilization (M = 3.28, SE =
0.20), and importance of success (M = 3.58, SE = 0.19), all ps N 0.10.
In sum, the patterns observed for the variables describing subjectively
perceived task features do not match the patterns observed for cardiac
PEP and thus do not qualify as potential alternative explanations.

5.3. Discussion

Experiment 2 investigated the joint impact of goal striving strategies
and the level of task difficulty on effort-related cardiac activity during
task performance. Results showed a significant interaction between
the two levels of task difficulty (difficult vs. very difficult) and goal striv-
ing strategy (goal intention vs. implementation intention vs. control). In
the difficult task condition, we observed a weaker cardiac PEP reactivity
in the implementation intention condition than in the goal intention
and control conditions, indicating a less pronounced effort mobilization
in the implementation intention group as compared to the other two
experimental groups. Importantly, we observed the opposite pattern
in the very difficult task condition. We found a stronger cardiac PEP re-
activity in the implementation intention condition than in the goal in-
tention and control conditions, demonstrating a more pronounced
effort mobilization in the implementation intention condition than in
the goal intention and control conditions. This pattern of findings sug-
gests that although participants in the implementation intention
ty in Experiment 2. Higher scores are indicating higher perceived task difficulty.
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condition evaluated the task as difficult, they experienced it as feasible
and increased effort accordingly to succeed in the more challenging
task. In contrast, participants in the goal intention condition experi-
enced the task as too demanding; they saw further effort mobilization
as unjustified and as a consequence disengaged (Brehm and Self, 1989).

6. General discussion

The present line of research investigated the influence of forming
goal and implementation intentions on effort mobilization during task
performance. Based on studies demonstrating the beneficial effects
and processes of goal and implementation intentions regarding goal at-
tainment on the one hand, and the hypotheses posited by the Motiva-
tional Intensity Theory (Brehm and Self, 1989) on the other hand, we
suggested that the self-regulation strategies of forming goal and imple-
mentation intentions should moderate effort mobilization during task
performance. Together, Experiments 1 and 2 confirmed our predictions,
showing a moderating effect of making an if-then plan on effort mobili-
zation during task performance. Experiment 1 investigated the impact
of forming goal and implementation intentions on effort-related cardiac
activity compared to acting on mere task instructions (control group)
when an easy cognitive task had to be performed (i.e., a simple number
classification task). Results from Experiment 1 revealed a significant
shorter cardiac PEP in the control condition, indicating a more pro-
nounced effort mobilization than in both the goal intention and the im-
plementation intention condition (Fig. 1). Experiment 2 investigated
the joint impact of goal striving strategies and task difficulty on effort
mobilization using a challenging dual task paradigm.We observed a sig-
nificant interaction between goal striving strategy and task difficulty on
cardiac PEP reactivity. Whereas participants in the goal intention condi-
tion disengaged under the very difficult task condition, participants in
the implementation intention condition increased effort mobilization
in line with task difficulty.

In the present research, cardiac PEP reactivity (our primary depen-
dent variable assessing effort mobilization during task performance;
Kelsey, 2012; Wright, 1996) was always assessed together with blood
pressure and HR to control for possible pre-load (ventricular filling) or
after-load (arterial pressure) effects (Sherwood et al., 1990). In Experi-
ments 1 and 2, SBP, DBP and HR reactivity showed a similar but not sig-
nificant pattern as observed for cardiac PEP reactivity. The absence of
significant effects on SBP, DBP and HR reactivity is not problematic,
however, as SBP and DBP are also influenced by alpha-adrenergic pe-
ripheral resistance in the vasculature, which can mask the influence of
beta-adrenergic impact on blood pressure (see Levick, 2003). Moreover,
pre-load and after-load effects are mostly observed when participants
are in motion. In studies investigating effort intensity in cognitive
tasks, during which the body is in a stable position, pre-load effects
are very unlikely (Berntson et al., 1993; Cacioppo et al., 2000; Kelsey,
1991). As a consequence, SBP, DBP and HR do not always correspond
to effort mobilization (Freydefont and Gendolla, 2012; Freydefont et
al., 2012; Silvestrini and Gendolla, 2013). As pointed out by Silvestrini
andGendolla (2013, Experiment 1), if neitherHRnor blood pressure de-
creases significantly when cardiac PEP becomes shorter, effects found
on cardiac PEP reactivity can be attributed to beta-adrenergic impact
rather than pre-load (ventricular filling) or after-load (vascular resis-
tance) effects. Accordingly, our findings from Experiments 1 and 2 re-
vealed, as expected, a significant impact of goal striving strategies on
effort-related cardiac activity during task performance.

Furthermore, our results from Experiment 1 showed a significant ef-
fect of goal striving strategies on the performance measure of response
time. Participants in the goal and the implementation intention condi-
tions were significantly faster than participants in the control condition.
Forming goal intentions can be assumed to create a strong commitment
to attain the goal at hand (Locke and Latham, 1990, 2013), whereas im-
plementation intentions can be assumed to lead to a strong associative
link between the critical situational cue and the specified goal-directed
response (Gollwitzer, 1999, 2014; Gollwitzer and Oettingen, 2011). As
the task in Experiment 1 was very easy, we did not observe a significant
difference between the goal and implementation intention conditions
in reaction times. This is in line with past research on goal striving
showing that performing well on easy tasks does not need action
control by if-then plans; guidance by mere goal intentions suffices to
promote goal attainment (Gollwitzer and Sheeran, 2006; Gollwitzer,
2014).

Aswe predicted, in Experiment 1 results regarding the cardiac PEP in
the goal intention condition indicated a significant effect on effortmobi-
lization during task performance. As goal intentions do not create a
strong link between a specific situation and a goal-directed behavior,
we cannot attribute the effect of the goal intention strategy to an auto-
mated behavioral response as assumed for the implementation inten-
tions strategy (“I intend to perform behavior X!”). Only with the
respect to the influence of implementation intentions on effort mobili-
zation during task performance, we maintain that such effect are due
to the automated responding triggered by linking the anticipated criti-
cal situation to the goal-directed behavior.

Regarding the effects of the goal intention strategy on effort mobili-
zation during a cognitive task, it is unclear if it is due to amoderating ef-
fect of the subjective evaluation of task difficulty or a moderating effect
due to the potential motivation. Indeed, an alternative explanation
could be seen in the influence of the goal intention strategy on the po-
tential motivation. The goal intention strategy, by increasing the poten-
tial motivation (Brehm and Self, 1989), should lead to an increase of
effort mobilization during task performance as long as success is possi-
ble and justified. As demonstrated in past research, potentialmotivation
(defined as the maximum amount of effort justified by task success) is
influenced by the importance of success when the task difficulty is un-
known (see Richter et al., in press). This consideration is consistent
with the absence of significant differences between the implementation
intention and the goal intention condition regarding the ratings of task
difficulty.

As observed in Experiment 1, in Experiment 2 we also did not ob-
serve any significant difference in reaction times between implementa-
tion intention and goal intention participants, even though this time
participants worked on difficult and very difficult tasks and past re-
search shows that implementation intentions do benefit the perfor-
mance on difficult tasks. Although non-significant results have to be
interpreted with caution, one possible interpretation of this null finding
is that the performance on the dual task paradigm used heavily depends
on people's willingness and ability to double task as well as their expe-
rience with double tasking.

Ratings assessed at the end of Experiment 1 on experienced effort
mobilization, ability, importance of success, value of success, and task
difficulty revealed no significant influence of goal striving strategy on
the post-task self-report evaluations. One possible explanation of
these results is that the measures taken after performance suffered
from a number of biases that are typical for retrospective measures
(see Robinson and Clore, 2002). Importantly, in Experiment 2, we ob-
served a significant interaction between goal striving strategy and task
difficulty on the subjective ratings of task difficulty. According to our re-
sults, participants in the control group evaluated the task as less difficult
than participants in the implementation intention and goal intention
conditions (Fig. 3). This could explain why participants in the control
group did not disengage but showed a higher effort mobilization than
participants in the goal intention condition. Possibly, control partici-
pants managed to “stay in the field” by convincing themselves that
the task at hand is not that difficult after all. However, only participants
with implementation intentions increased their amount of effort in the
very difficult task as compared to the difficult task. Apparently,
participants receiving goal intention instructions disengaged when
performing the very difficult task, while participants with imple-
mentation intention instructions automatically increased their effort
expenditure.
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With regard to effort mobilization in an easy task context (Experi-
ment 1) assessed by cardiac PEP, the goal intention strategy of “I intend
to reach Z!” had a similar impact on effort investment as the implemen-
tation intention strategy (see Fig. 1). However, the significant interac-
tion observed between goal striving strategy and task difficulty in
Experiment 2 (see Fig. 2) suggests that implementation intentions
evince higher efficiency than goal intentions in the face of high task dif-
ficulty. This is in line with past implementation intention research con-
sistently indicating that differences in action control by goal vs.
implementation intentions emerge in particular when the task is diffi-
cult (Gollwitzer, 2014;Webb and Sheeran, 2006). Apparently, the auto-
matic action control produced by implementation intentions leads to
effortless performance.

To conclude, our findings provide evidence that forming both goal
and implementation intentions moderates effort mobilization during
task performance. According to previous studies, goal intentions posi-
tively affect goal commitment and thus enhance goal striving (Locke
and Latham, 1990, 2013), but only as long as goal striving does not en-
counter challenging difficulties (e.g., obstacles encountered in multi-
tasking; Oettingen, 2012). It is then when implementation intentions
are needed, as this type of intentions automates action control and
thus allows for efficient task performance (Achtziger et al., 2012;
Brandstätter et al., 2001; Wieber et al., 2013). Based on our present re-
sults, it appears that the influence of implementation intentions does
extend to effort mobilization during task performance as well. Whereas
mere goal intentions may lead people to disengage when asked to per-
form very difficult tasks, implementation intentions allow people to
“stay in the field” showing high effort expenditure.
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