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beta-adrenergic activity if task difficulty is unclear but not if task difficulty 
is clear 
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A B S T R A C T   

Work on physiological and other behavioral correlates of motives often assumes that motives exert a direct effect 
on behavior once activated. Motivational intensity theory, however, suggests that this does not always apply. In 
the context of task engagement, motive strength should exert a direct effect on myocardial beta-adrenergic ac-
tivity if task difficulty is unclear, but not if task difficulty is known. The presented study tested this prediction for 
the impact of the explicit achievement motive on myocardial beta-adrenergic activity—assessed as pre-ejection 
period (PEP) reactivity during task performance. Seventy-eight participants performed one of two versions of a 
mental arithmetic task. After having completed the achievement motive scale of the Personality Research Form, 
participants were either informed about the difficulty of the task or not before working on it. Participants' PEP 
reactivity during task performance provided evidence for the predicted moderating impact of clarity of task 
difficulty: PEP reactivity increased with increasing achievement motive strength if task difficulty was unclear, 
but not if it was clear. These findings demonstrate that the explicit achievement motive impact on myocardial 
beta-adrenergic activity is moderated by clarity of task difficulty and suggest that motive strength does not al-
ways translate into direct effects on physiology and behavior.   

1. Introduction 

Empirical research on motives—dispositions to pursue certain types 
of incentives (McClelland, 1987)—has examined various physiological 
correlates of motives. For instance, Stanton and colleagues (Stanton and 
Edelstein, 2009; Stanton and Schultheiss, 2007) reported positive re-
lationships between women's implicit power motive strength and sali-
vary estradiol levels. Similarly, Capa et al. (2008) demonstrated that the 
magnitude of the difference between the motive to achieve success and 
the motive to avoid failure predicted mid-frequency heart-rate vari-
ability changes in a visual memory search task. Other examples are 
Dufner et al. (2015) presenting positive correlations between affiliation 
motive strength and zygomaticus and corrugator muscle activity, Beh 
(1990) showing that a strong explicit achievement motive resulted in 
increased heart rate responses in vigilance tasks, and Quirin et al. (2013) 
reporting associations between power and affiliation motive strength 
and left prefrontal cortex and right putamen and pallidum activity. The 
aim of the present study was to contribute to this literature by examining 

the impact of the explicit achievement motive—the conscious disposi-
tion to experience meeting and surpassing standards of excellence as 
rewarding and correspondingly to seek to attain such standards 
(McClelland, 1987)—on effort-related myocardial sympathetic activity 
in the context of engagement in instrumental tasks. 

1.1. Effort and myocardial sympathetic activity 

Given that active engagement and effort investment in tasks that are 
instrumental for goal attainment are characterized by increased 
myocardial sympathetic activity (Light, 1981; Obrist, 1981; Wright, 
1996), research frequently quantified myocardial sympathetic activity 
to test effort-related predictions. One example is the work on motiva-
tional intensity theory (Brehm and Self, 1989; Richter, 2013; Wright, 
1996, 2008). Motivational intensity theory suggests that task difficulty 
and success importance are the main determinants of effort investment 
in instrumental tasks. Moreover, it predicts that the relative impact of 
these two factors varies as a function of type of task (fixed vs. unfixed 
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difficulty) and clarity of task difficulty (clear vs. unclear). First, if task 
difficulty is fixed and clear (i.e., if there is a performance standard that 
determines whether a task counts as success and if this performance 
standard is known to the individual performing the task), difficulty 
should be the main determinant of effort. Success importance should 
only exert an indirect impact by setting the maximum effort that one is 
willing to invest in the task. Effort should be a direct function of the 
difficulty of the task—the higher the difficulty, the higher the 
effort—but only if task success is possible and if the required effort does 
not exceed the amount of effort that is justified by success importance. If 
task success is impossible or the required effort not justified, no effort 
should be invested. Second, if task difficulty is either unclear (i.e., if no 
information about task demand is available to the individual performing 
the task) or unfixed (i.e., if the individual can freely choose amongst 
multiple performance standards), success importance should be the 
main determinant of effort: the higher the success importance, the 
higher the effort. 

Many studies have tested these effort-related predictions using 
sympathetic-driven cardiovascular measures (mainly systolic blood 
pressure and pre-ejection period; Gendolla et al., 2019; Richter et al., 
2016). For instance, Richter et al. (2008) observed that myocardial 
sympathetic activity—assessed as pre-ejection period reac-
tivity—increased with increasing difficulty of a memory task but was 
low if the task was impossible. Silvia and colleagues (Silvia et al., 2010; 
Silvia et al., 2013) showed that variations in success importance caused 
by different levels of self-awareness did not result in systolic blood 
pressure response differences if tasks were easy or impossible but led to 
differences if tasks were moderately difficult. Individuals with low self- 
awareness disengaged from moderately difficult tasks whereas in-
dividuals with high self-awareness invested high effort and had high 
systolic blood pressure reactivity. Harper et al. (2018) demonstrated 
that differences in reward value—a manipulation of success importan-
ce—directly affected myocardial sympathetic activity if the difficulty of 
a task was not fixed. Participants in their study had a shorter pre-ejection 
period if they could earn 5 cents for each correct response in a parity task 
than if they could earn 1 cent per correct response. Richter and Gendolla 
(2009a) showed the same effect of a reward-related success importance 
manipulation in a delayed-matching-to-sample task with unclear task 
difficulty. 

1.2. Motive impact on effort-related sympathetic myocardial activity 

Motivational intensity theory has already been used to examine the 
impact of motives on effort-related myocardial sympathetic activity. 
Brunstein and Schmitt (2010) discussed a study that addressed the 
impact of the implicit achievement motive on systolic blood pressure 
response during a memory task. They observed that a stronger 
achievement motive only led to a stronger blood pressure response if 
task difficulty was moderate. If task difficulty was low or high, systolic 
blood pressure response was weak and did not differ as a function of 
motive strength. The most recent evidence comes from a study by 
Mazeres et al. (2019) who examined the impact of the implicit 
achievement motive on myocardial sympathetic activity in a mental 
arithmetic task with two fixed difficulty levels. They found that pre- 
ejection period, systolic blood pressure, and diastolic blood pressures 
responses were low and did not differ as a function of achievement 
motive strength if the task was easy. However, at high task difficulty, 
participants with a strong achievement motive showed stronger car-
diovascular responses than participants with a weak achievement 
motive. There are thus already two studies that examined the impact of 
achievement motive strength on myocardial sympathetic responses. 
However, both studies focused on the implicit achievement motive and 
tasks with fixed and clear difficulty. The aim of the present study was to 
extend this perspective to the explicit achievement motive and to 
myocardial sympathetic activity in tasks with an unclear difficulty 
standard. 

Both the explicit and the implicit achievement motive refer to the 
striving to attain standards of excellence (McClelland, 1987) but differ in 
regards to the incentives to which they respond (i.e., the situations that 
promise motive satisfaction), the types of behavior that they predict, and 
how they are measured (Brunstein and Hoyer, 2002; Brunstein and 
Maier, 2005; Brunstein and Schmitt, 2010; Koestner et al., 1991; 
Spangler, 1992). The implicit achievement motive is activated and ex-
erts an impact on behavior in situations where the demonstration of 
excellence is inherent to the activity, whereas the explicit achievement 
motive influences behavior in contexts where extrinsic, normative 
standards of excellence are salient. The implicit motive influences non- 
declarative, spontaneous behavior whereas the explicit motive exerts an 
impact on deliberate, respondent behavior. The explicit achievement 
motive refers to an individual's perception of her/his motives and can 
thus be accessed using self-reports. The implicit achievement motive, 
however, refers to the unconscious disposition to strive for excellence 
and can only be assessed using projective tests. 

These differences between the explicit and implicit achievement 
motive should, however, not affect how the achievement motive in-
fluences effort-related myocardial sympathetic responses. Given that 
both subclasses of the achievement motive refer to the importance of 
attaining standards of excellence, they should both affect success 
importance: Being successful in a task that promises motive satisfaction 
should be more important for an individual with a strong (explicit or 
implicit) achievement motive than for an individual with a weak 
achievement motive. Consequently, achievement motive strength 
should exert its impact on myocardial sympathetic activity in the 
context of engagement in instrumental tasks like any other variable that 
affects success importance: 1) If task difficulty is clear and fixed, 
achievement motive strength should determine the maximum effort that 
is justified for a task but not exert a direct impact on effort-related 
myocardial sympathetic activity. 2) If task difficulty is unclear or 
unfixed, achievement motive strength should directly determine effort- 
related myocardial sympathetic activity. 

The presented study tested this postulated moderation of the 
achievement motive impact on myocardial sympathetic activity for the 
explicit achievement motive. We expected participants' explicit 
achievement motive strength to differently affect their myocardial 
sympathetic activity in a mental arithmetic task depending on the clarity 
of task difficulty: If participants had to perform an easy arithmetic task 
and were well-aware that the task was easy, we expected participants' 
explicit achievement motive strength not to influence their myocardial 
sympathetic activity—operationalized as pre-ejection period reactivity. 
However, if participants were asked to perform the same type of arith-
metic task without having received any specific information about the 
difficulty of the task, we expected pre-ejection period reactivity to in-
crease as a function of participants' explicit achievement motive 
strength. 

2. Methods 

2.1. Participants and design 

Seventy-eight students (mean age = 23.72 years, SD = 4.46, 46 
women) of the University of Geneva participated in the study for either 
course credit or 15 Swiss francs (about 15 USD).1 They performed one of 

1 Sample size was determined in an a priori power analysis using G*Power 
(Faul et al., 2007; alpha = 0.05, power = 0.80 for detecting the interaction 
between achievement motive and difficulty condition in a regression). The 
expected effect size of f = 0.37 was based on Mazeres et al.'s (2019) results. We 
recruited more participants than the required 60 to be able to compensate for 
potential poor ECG/ICG quality. There were 25 women and 15 men in the clear- 
difficulty condition and 21 women and 17 men in the unclear-difficulty 
condition. 
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two versions of a mental arithmetic task varying in clarity of task dif-
ficulty (unclear vs. clear). Allocation to the clarity-of-task-difficulty 
conditions was random. 

2.2. Measures and materials 

2.2.1. Personality research form 
The explicit achievement motive was assessed with the French 

version of the achievement scale of the Personality Research Form (PRF; 
Jackson, 1984)—a questionnaire that is frequently used to assess 
explicit motives (e.g., Gröpel et al., 2016). The PRF achievement scale is 
composed of 16 items measuring preferences for difficult problems and 
hard, persistent work (for instance, “I enjoy difficult work” and “I often 
set goals that are difficult to reach”). For each item, participants had to 
indicate whether the statement applied to themselves using a dichoto-
mous scale (“true”/“false”). Participants' achievement motive scores 
were computed by adding up all individual item scores (ωt = 0.67) and 
ranged from 2 to 15 with a mean score of 9.36 (SD = 3.03). The mean 
condition scores were 9.05 (SD = 3.22) in the unclear-difficulty condi-
tion and 9.65 (SD = 2.85) in the clear-difficulty condition. 

2.2.2. Cardiovascular measures 
Pre-ejection period (PEP, in ms), systolic blood pressure (SBP, in 

mmHg), diastolic blood pressure (DBP, in mmHg), and heart rate (HR, in 
bpm) were assessed during two periods: baseline period and task per-
formance. PEP constituted our primary variable given that it is the best 
non-invasive indicator of myocardial sympathetic activity that is avail-
able (Sherwood et al., 1990). SBP was assessed to enable comparisons 
with preceding research on motivational intensity theory that strongly 
relied on SBP. DBP and HR were used to verify that PEP responses re-
flected changes in myocardial sympathetic activity and not pre- or 
afterload effects (Obrist, 1981; Obrist et al., 1987; Sherwood et al., 
1990). To collect the four cardiovascular measures, we used a Car-
dioScreen 1000 impedance cardiograph (medis, Illmenau, Germany) 
and a Dinamap Procare blood pressure monitor (GE Medical Systems, 
Milwaukee, WI). The blood pressure monitor assessed SBP and DBP in 
one-minute intervals using the oscillometric method and a blood pres-
sure cuff placed over the brachial artery above the elbow of the partic-
ipant's nondominant arm. The impedance cardiograph collected 
impedance cardiograph (ICG) and electrocardiograph (ECG) signals for 
the quantification of PEP and HR with a sampling rate of 1000 Hz. The 
impedance cardiograph electrodes were placed on the right and left 
sides of the base of the participant's neck and on the right and left middle 
axillary lines at the level of the xiphoid. 

2.2.3. Mental arithmetic task 
All participants worked on a mental arithmetic task similar to the 

tasks used by LaGory et al. (2011) and Mazeres et al. (2019). Each task 
consisted of 10 trials, and each trial started with a fixation cross that was 
presented for 500 ms and followed by the presentation of several digits 
that participants had to mentally add up. The digits were presented one 
after another on the screen for 600 ms, separated by blank screens. The 
duration of the presentation of the blank screens varied between con-
ditions and trials to keep the total trial duration constant. After the 
presentation of the last digit of a series, participants had 8 s to enter the 
total. If participants entered an incorrect number, a beep informed them 
that the response was not correct, and they could enter a new number. 
After 8 s or after entering a correct response, a final feedback was pre-
sented that informed participants whether their response had been 
correct or not. The duration of the presentation of the feedback was 10 s 
minus the time that it took participants to enter the correct response. In 
the case of a participant not entering the correct response during the 
eight-second response window the feedback was thus presented for 2 s. 
The duration of a single trial was 40.50 s, and the total task duration was 
6 min and 40 s. 

In the clear-difficulty condition, each digit series comprised six single 

digits ranging from 1 to 2. The duration of the blank screen between the 
presentation of two consecutive digits was 4400 ms. In the unclear- 
difficulty condition, the digits series included single digits from 1 to 9. 
Moreover, the ten trials included one series of six digits (4400 ms blank 
screen duration), three series of 12 digits (1900 ms blank screen dura-
tion), four series of 15 digits (1400 ms blank screen duration), and two 
series of 30 digits (400 ms blank screen duration). The 10-digit series 
were presented in random order. All participants were informed about 
the general task structure before working on the task but participants in 
the clear-difficulty condition also received detailed information about 
the number of digits per trial and the presentation times. Following 
previous work that has used tasks with unclear difficulty (e.g., Brink-
mann and Franzen, 2013; Franzen et al., 2019; Richter and Gendolla, 
2009a; Richter et al., 2021), participants in the unclear-difficulty con-
dition did not receive any specific information about task difficulty and 
were additionally informed that the number of digits and presentation 
times would vary randomly between trials to prevent participants from 
forming an impression about task difficulty. 

2.3. Procedure 

Participants participated individually in sessions of about 35 min. 
Inquisit Lab (version 4.0, Millisecond Software, Seattle, WA) presented 
all stimuli and collected participants' responses (the script is available at 
https://doi.org/10.26037/yareta:sjaagdq6fjexhcqlls3i3qpv6y). At the 
beginning of the session, the experimenter, who was hired and blind to 
the hypotheses, explained the study procedure to the participant and 
collected informed consent. The experimenter then attached the elec-
trodes and cuff for the cardiovascular measures, started the software, 
and left the room to monitor the experiment from a control room. Par-
ticipants first indicated their age and gender and completed the PRF 
achievement scale. Participants then watched for 8 min a relaxing movie 
showing underwater landscapes. During this time cardiovascular base-
line measures were collected. 

After the baseline period, participants received instructions for the 
mental arithmetic task—including the information related to the clarity- 
of-task-difficulty manipulation presented in Section 2.2.3—and per-
formed two practice trials. To increase the likelihood that the mental 
arithmetic task activated the explicit achievement motive and made 
success relevant to individuals with a high explicit achievement motive, 
we provided participants in both clarity-of-task-difficulty conditions 
with the opportunity for social comparison and norm-referenced feed-
back—the type of information that individuals with a high explicit 
achievement motive should strive for to assess their own attainment of 
excellence (Brunstein and Hoyer, 2002; Brunstein and Maier, 2005; 
Brunstein and Schmitt, 2004). Participants were informed that other 
students had already shown good performance in the task and that they 
would receive feedback about the performance of these students and 
their own overall performance at the end of the task. To further increase 
the relevance of the task for individuals with a high achievement motive, 
the task was described as a task in which performance was indicative of 
cognitive capacity. After the arithmetic task, participants rated subjec-
tive task difficulty (“How difficult was the task?”) and their engagement 
during the task (“To what extent did you try to continuously add the 
presented digits?”) on 7-point scales ranging from 1 (not at all) to 7 (very 
much). Finally, participants were carefully debriefed and received their 
remuneration. 

2.4. Data processing and analysis 

The ECG and ICG signals collected by the impedance cardiograph 
were analyzed off-line with BlueBox 2 software (Richter, 2010). R-peaks 
of the ECG signal were first identified using a peak-threshold algorithm, 
and location of the R-peaks was visually confirmed. The detected R- 
peaks were used to compute HR for one-minute intervals and to 
construct one-minute ensemble averages of the first derivative (dZ/dt) 
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of the ICG signal (Kelsey and Guethlein, 1990). The dZ/dt signal was 
filtered with a 50 Hz low-pass Butterworth filter before ensemble 
averaging (Hurwitz et al., 1993). Two independent raters scored R-onset 
and B-point for each resulting ensemble average following the guide-
lines by Sherwood and colleagues (Sherwood et al., 1990). PEP scores 
were computed for each rater and ensemble average as difference be-
tween R-onset and B-point. The arithmetic mean of both raters' PEP 
values was used for the analysis (ICC[2, 1] = 0.93; Shrout and Fleiss, 
1979). Following preceding work on motivational intensity theory (e.g., 
Mazeres et al., 2019), the values obtained during the last 4 min (ωts >
0.96) were averaged to obtain baseline scores and the values of the first 
6 min of task performance (ωts > 0.97) were averaged to obtain task 
scores. Change scores were then calculated to quantify cardiovascular 
reactivity by subtracting baseline scores from task scores (Llabre et al., 
1991). 

We tested our hypothesis about the moderating influence of clarity of 
task difficulty on the impact of explicit achievement motive strength on 
myocardial sympathetic activity using three different testing strategies 
that allowed us to examine different aspects of our hypothesis. We first 
examined the interaction between achievement motive strength and 
clarity-of-task-difficulty condition in linear regressions that predicted 
the individual cardiovascular reactivity scores as a function of z-stan-
dardized achievement motive scores, the clarity-of-task-difficulty con-
dition, and the interaction between the two factors. Given that the 
regression interaction term does not provide a specific test of the pre-
dicted moderation, we also calculated for each clarity-of-task-difficulty 
condition correlation coefficients reflecting the associations between 
achievement motive scores and cardiovascular reactivity scores, and 
tested whether the associations were more positive—more negative in 
the case of pre-ejection period reactivity—in the unclear-difficulty 
condition than in the clear-difficulty condition using Fisher's z. The 
third statistical analysis compared the relative performance of the pre-
dicted interaction model with a model that predicted an achievement 
motive main effect. For this purpose, we followed the approach sug-
gested by Glover and Dixon (2004) and calculated a likelihood ratio that 
contrasted the likelihood of the data under a model that used the 
regression interaction term as sole predictor of cardiovascular reactivity 
with the likelihood of the data under a model that used achievement 
motive score as sole predictor. 

3. Results 

3.1. Cardiovascular responses 

Means and standard errors of cardiovascular baseline and reactivity 
scores are shown in Table 1.2 The regression model was significant for 
PEP reactivity, F(3, 73) = 3.34, p = .02, R2 = 0.12, R2

adjusted = 0.09.3 The 
interaction term, b = − 2.14, t(73) = − 2.69, p = .01, was the only sig-
nificant predictor (b = 1.05, t[73] = 1.79, p = .08, for achievement 
motive scores and b = − 1.33, t[73] = − 1.68, p = .10, for the clarity-of- 
task-difficulty condition). As predicted, achievement motive scores were 
more negatively associated with PEP reactivity in the unclear-difficulty 
condition (r = − 0.28) than in the clear-difficulty condition (r = 0.33), z 
= 2.68, p = .004. Fig. 1 illustrates this moderation of the relationship 
between explicit achievement motive scores and PEP reactivity by 
clarity-of-task-difficulty condition. The comparison of the interaction 
model with the achievement motive main effect model resulted in a 
likelihood ratio of 32.60, providing strong evidence in favor of our 
interaction hypothesis.4 

The regression model was not significant for SBP reactivity, F(3, 73) 
= 1.72, p = .17, R2 = 0.07, R2

adjusted = 0.03 (all predictor ps > .26), DBP 
reactivity, F(3, 73) = 2.13, p = .10, R2 = 0.08, R2

adjusted = 0.04 (b = 1.35, 
t[73] = 2.10, p = .04, for the clarity-of-task-difficulty condition, all other 
predictor ps > .19), or HR reactivity, F(3, 73) = 0.52, p = .67, R2 = 0.02, 
R2

adjusted = − 0.02 (all predictor ps > .40). The relationship between 
achievement motive strength and reactivity scores did not differ as a 
function of clarity-of-task-difficulty condition for SBP (r = 0.29 in the 
unclear-difficulty condition and r = 0.12 in the clear-difficulty condi-
tion, z = 0.74, p = .23), DBP (r = 0.10 in the unclear-difficulty condition 
and r = − 0.20 in the clear-difficulty condition, z = 1.30, p = .10), and 
HR (r = 0.17 in the unclear-difficulty condition and r = − 0.04 in the 
clear-difficulty condition, z = 0.88, p = .19). Likelihood ratios favored 
the interaction model over the achievement motive main effect model 
but were small (λ = 1.40 for SBP reactivity, λ = 2.35 for DBP reactivity, 
and λ = 1.42 for HR reactivity). 

3.2. Self-reports and task performance 

Correlations between self-reports, task performance, and cardiovas-
cular reactivity scores are presented in Table 2. Participants rated the 
task as being easier in the clear-difficulty condition (M = 1.62, SE =
0.22) than in the unclear-difficulty condition (M = 4.21, SE = 0.24), t 
(75.29) = 8.02, p < .001, d = 1.82. Moreover, participants solved more 
equations correctly in the clear-difficulty condition (M = 9.50, SE =
0.16) than in the unclear-difficulty condition (M = 7.16, SE = 0.24), t Table 1 

Means and standard errors of cardiovascular baselines and reactivity scores.  

Variable Unclear Clear 

M SE M SE 

Baseline 
PEP  99.62  1.66  102.29  1.93 
SBP  104.14  1.99  100.56  1.83 
DBP  55.26  1.27  54.51  1.02 
HR  73.85  1.84  74.01  1.83  

Reactivity 
PEP  − 1.48  0.68  − 0.19  0.47 
SBP  3.00  0.73  2.11  0.58 
DBP  2.48  0.50  1.10  0.40 
HR  3.71  0.61  3.00  0.66 

Note. n = 37 in the unclear-difficulty condition and 40 in the clear-difficulty 
condition. PEP is in ms, SBP and DBP in mmHg, and HR in bpm. 

2 Except for PEP reactivity in the clear-difficulty condition (t[39] = − 0.41, p 
= .34), all reactivity scores differed significantly from 0 (ps < .03).  

3 One participant in the unclear-difficulty condition was excluded from the 
analysis of PEP and HR reactivity because her/his PEP and HR reactivity values 
deviated by more than three standard deviations from the PEP and HR reac-
tivity grand means. Two other participants in the unclear-difficulty condition 
had either an SBP or DBP reactivity score more than three standard deviations 
greater than the SBP/DBP grand mean. These two participants were also 
excluded from the associated analyses. Inclusion of these three participants did 
not significantly change any of the reported results.Including the baseline 
scores, age, or gender in the analysis did also not significantly change any of the 
reported results.  

4 Using the interval between R-peak and B-point (PEPr, RB-interval) instead 
of the interval between R-onset and B-point did virtually not change the results. 
The regression model was significant, F(3, 73) = 3.13, p = .03, R2 = 0.11, 
R2

adjusted = 0.08, with the interaction term being the only significant predictor, 
b = − 2.09, t(73) = − 2.62, p = .01 (all other ps > .08). The correlation with 
achievement motive scores was more negative in the unclear-difficulty condi-
tion (r = − 0.27) than in the clear-difficulty condition (r = 0.33), z = 2.63, p =
.004, and the likelihood ratio in favor of the interaction model was 27.90. 
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(63.55) = 8.11, p < .001, d = 1.85. Self-reported engagement did not 
significantly differ between the clear-difficulty (M = 5.40, SE = 0.32) 
and unclear-difficulty conditions (M = 5.45, SE = 0.25), t(72.04) = 0.12, 
p = .91, d = 0.03. 

4. Discussion 

Three pieces of evidence supported the predicted moderation of the 
explicit achievement motive impact on task-related myocardial sympa-
thetic activity by clarity of task difficulty. First, we found a significant 
interaction between achievement motive score and clarity-of-task- 
difficulty condition on pre-ejection period reactivity in our regression 
analysis. Achievement motive score or clarity-of-task-difficulty alone 
were not significant predictors of pre-ejection period reactivity. Second, 
the correlation between achievement motive scores and pre-ejection 
period reactivity was more negative in the unclear-difficulty condition 
than in the clear-difficulty condition. Pre-ejection period reactivity 

increased with increasing achievement motive strength in the unclear- 
difficulty condition, but not in the clear-difficulty condition. Third, the 
data were more than 32 times more likely under a model that predicted 
an interaction of achievement motive and clarity of task difficulty than 
under a model that predicted an achievement motive main effect. 

Given that task-induced decreases in pre-ejection period were not 
paralleled by decreases in heart rate or diastolic blood pressure—the 
correlation coefficients between pre-ejection period reactivity and heart 
rate and diastolic blood pressure reactivity were in both conditions 
negative—it is likely that the observed pre-ejection period changes were 
driven by changes in myocardial sympathetic activity (Obrist, 1981; 
Sherwood et al., 1990). A parallel decrease in heart rate would have led 
to increased ventricular filling and an increase in myocardial contrac-
tion force via the Frank-Starling mechanism, which would have resulted 
in pre-ejection period shortening without any underlying changes in 
myocardial sympathetic activity. A parallel decrease of diastolic blood 
pressure would have suggested decreases in afterload, which would also 

Fig. 1. Relationship between explicit achievement motive strength and PEP reactivity as a function of clarity of task difficulty. 
Note. Dashed lines are best fit regression lines. 

Table 2 
Pearson correlation coefficients for the relationships between self-reports, performance, and cardiovascular reactivity.  

Variable 1 2 3 4 5 6 7 8 

1. Achievement motive – 0.19 
[− 0.13, 0.48] 

− 0.14 
[− 0.44, 0.18] 

0.14 
[− 0.18, 0.43] 

0.33 
[0.03, 0.59] 

0.12 
[− 0.11, 0.42] 

− 0.20 
[− 0.48, 0.12] 

− 0.04 
[− 0.35, 0.27] 

2. Difficulty 0.19 
[− 0.14, 0.48] 

– 0.10 
[− 0.22, 0.40] 

− 0.48 
[− 0.69, − 0.19] 

0.11 
[− 0.41, 0.21] 

0.02 
[− 0.30, 0.33] 

− 0.07 
[− 0.37, 0.25] 

0.19 
[− 0.13, 0.47] 

3. Engagement 0.02 
[− 0.30, 0.34] 

0.27 
[− 0.05, 0.55] 

– 0.01 
[− 0.30, 0.32] 

− 0.33 
[− 0.58, − 0.02] 

0.18 
[− 0.14, 0.46] 

0.11 
[− 0.21, 0.41] 

0.03 
[− 0.28, 0.34] 

4. Performance − 0.14 
[− 0.44, 0.19] 

− 0.16 
[− 0.46, 0.17] 

0.45 
[0.15, 0.67] 

– 0.03 
[− 0.29, 0.34] 

0.15 
[− 0.17, 0.44] 

0.12 
[− 0.20, 0.41] 

0.20 
[− 0.12, 0.48] 

5. PEP reactivity − 0.28 
[− 0.55, 0.05] 

0.19 
[− 0.14, 0.48] 

0.08 
[− 0.25, 0.39] 

− 0.08 
[− 0.39, 0.25] 

– − 0.33 
[− 0.48, − 0.03] 

− 0.46 
[− 0.67, − 0.17] 

− 0.51 
[− 0.71, − 0.23] 

6. SBP reactivity − 0.30 
[− 0.03, 0.57] 

− 0.14 
[− 0.44, 0.20] 

0.15 
[− 0.18, 0.45] 

0.41 
[0.10, 0.65] 

− 0.56 
[− 0.75, − 0.29] 

– 0.34 
[0.04, 0.60] 

0.44 
[0.15, 0.66] 

7. DBP reactivity 0.13 
[− 0.21, 0.43] 

− 0.17 
[− 0.47, 0.16] 

− 0.09 
[− 0.40, 0.25] 

0.35 
[0.02, 0.602] 

− 0.43 
[− 0.66, − 0.12] 

0.54 
[0.26, 0.74] 

– 0.54 
[0.27, 0.73] 

8. HR reactivity 0.17 
[− 0.16, 0.47] 

− 0.01 
[− 0.33, 0.32] 

0.25 
[− 0.08, 0.53] 

0.29 
[− 0.04, 0.56] 

− 0.40 
[− 0.64, 0.09] 

0.51 
[0.23, 0.72] 

0.38 
[0.06, 0.63] 

– 

Note. Correlation coefficients in the unclear-difficulty condition are presented below the diagonal. Correlation coefficients in the clear-difficulty condition are pre-
sented above the diagonal. 95% confidence interval limits are presented in square brackets. n = 37 for all correlation coefficients involving cardiovascular reactivity 
scores and n = 38 for all other correlation coefficients in the unclear-difficulty condition. n = 40 for all correlation coefficients in the clear-difficulty condition. 
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have led to pre-ejection period shortening without any changes in 
myocardial sympathetic activity. Both decreased heart rate and 
decreased blood pressure would thus have led to the same pre-ejection 
period pattern as the postulated changes in myocardial sympathetic 
activity and prevented us from interpreting pre-ejection period changes 
as reflecting changes in myocardial sympathetic activity. However, the 
absence of any evidence for parallel reductions in heart rate and dia-
stolic blood pressure makes it unlikely that the observed pre-ejection 
period changes were due to changes in preload or afterload, and sug-
gests that the observed pre-ejection period effects reflected the predicted 
changes in myocardial sympathetic activity. 

The other cardiovascular parameters did not show the same effects as 
pre-ejection period. The regression models were not significant, the 
correlation coefficients did not differ between the two clarity-of-task- 
difficulty conditions, and the likelihood ratios did not provide decisive 
evidence in favor of the interaction model. Even if preceding research on 
motivational intensity theory has frequently reported effects on systolic 
blood pressure (e.g., Chatelain and Gendolla, 2016; Szumowska et al., 
2017), heart rate (e.g., Mlynski et al., 2017; Mlynski et al., 2020; Sil-
vestrini, 2015), and diastolic blood pressure (e.g., Silvestrini and Gen-
dolla, 2011; Silvia et al., 2010), it is not surprising that pre-ejection 
period was more responsive to achievement motive strength and 
clarity-of-task-difficulty effects. Pre-ejection period is more likely to 
reflect changes in myocardial sympathetic activity than the other three 
cardiovascular parameters. Decreases in pre-ejection period directly 
reflect increases in myocardial contraction force driven by increases in 
myocardial sympathetic activity if there are no parallel increases in 
preload or decreases in afterload (Newlin and Levenson, 1979; Sher-
wood et al., 1990; see also the discussion in the preceding paragraph). 
Heart rate is an ambiguous indicator of myocardial sympathetic activity 
given that it is determined by both sympathetic and parasympathetic 
activity (Klabunde, 2012). Effects of increased sympathetic activity can 
be counteracted by increasing parasympathetic activity leading to no 
change or even a decrease in heart rate. Moreover, decreased para-
sympathetic activity can lead to a heart rate increase without any in-
creases in sympathetic activity. 

Systolic and diastolic blood pressure are a function of heart rate, 
stroke volume (determined amongst others by myocardial contraction 
force), and total peripheral resistance (Klabunde, 2012). Even if the 
relative contribution of these three variables differs between systolic and 
diastolic blood pressure (Segers et al., 2001), the fact that blood pressure 
depends on heart rate and myocardial contraction force—the main 
determinant of pre-ejection period—implies that systolic and diastolic 
blood pressure inherit all the threats to an interpretation as indicator of 
myocardial sympathetic activity that heart rate and pre-ejection period 
are exposed to. Myocardial sympathetic changes on systolic and dia-
stolic blood pressure can be masked or mimicked by parasympathetic 
activity changes because they depend on heart rate, and they can be 
masked or mimicked by changes in pre- and afterload (Bugge-Asperheim 
and Kiil, 1973) because they depend on stroke volume. Moreover, in 
contrast to heart rate and pre-ejection period, systolic and diastolic 
blood pressure also depend on total peripheral resistance, which is not 
systematically associated with myocardial sympathetic activity (Kla-
bunde, 2012). Consequently, systolic and diastolic blood pressure are 
influenced by one additional factor that can mask or mimic myocardial 
sympathetic effects. 

Given the described physiological mechanisms, pre-ejection period 
can be expected to respond more sensitively to changes in myocardial 
sympathetic activity than heart rate or blood pressure. Correspondingly, 
it is not surprising to find effects of achievement motive strength and 
clarity of task difficulty—which were expected to influence myocardial 
sympathetic activity—on pre-ejection period but not on the other car-
diovascular parameters. It is noteworthy that our findings are not the 
first in the context of the work on motivational intensity theory that 
revealed effects on pre-ejection period in the absence of effects on sys-
tolic or diastolic blood pressure (e.g., Brinkmann and Franzen, 2013; 

Freydefont and Gendolla, 2012; Richter et al., 2012; Richter and 
Knappe, 2014). Finding effects on pre-ejection period in the absence of 
effects on heart rate and blood pressure makes thus not only sense for 
physiological reasons but is also not uncommon. 

Even if we did not observe effects on systolic blood pressure as many 
other studies on motivational intensity theory (Gendolla et al., 2019; 
Richter et al., 2016, for overviews), our findings replicate previous work 
on motivational intensity theory that has demonstrated success impor-
tance effects on cardiovascular response under conditions of unclear 
task difficulty (Brinkmann et al., 2014; Brinkmann et al., 2009; Franzen 
and Brinkmann, 2016; Richter and Gendolla, 2006, 2007, 2009a, 
2009b). Like these preceding studies, we found that variables that 
determine success importance—explicit achievement motive strength in 
our case—directly influence task-related myocardial activity if partici-
pants have no information about the difficulty of the task and cannot 
predict the difficulty of the upcoming trial. Our results also replicate the 
moderating impact of clarity of task difficulty observed for a reward 
manipulation by Richter and Gendolla (2006). Similar to our findings, 
they observed that differences in the attractiveness of the reward that 
participants could earn for a successful task performance only resulted in 
differences on cardiovascular responses if task difficulty was unclear but 
not if it was clear. 

The observation that achievement motive strength did not under all 
conditions influence myocardial sympathetic activity might not be sur-
prising from the point of view of motivational intensity theory. How-
ever, a large part of the achievement motive literature still builds on the 
notion that motives exert a uniform impact on behavior once that they 
are aroused (e.g., Bettschart et al., 2020; Lang and Fries, 2006; Müller 
and Cañal-Bruland, 2020). There are a number of models that provided 
more complex predictions taking into account how situational charac-
teristics influence the motive-behavior relationship (McClelland et al., 
1989; Schultheiss, 2007, 2008; Stanton et al., 2010) but many publi-
cations still assume that a motive only needs to be activated to exert a 
direct, visible impact on behavior. 

The main limitation of our study refers to our interpretation of the 
clarity-of-task-difficulty manipulation. Our interpretation follows 
directly from our experimental manipulation that aimed to provide 
participants either with information that allowed them to know the 
difficulty of the next task trial or not. However, in contrast to the pre-
ceding study by Richter and Gendolla (2006) that only varied the 
amount of task difficulty information presented to participants to 
manipulate clarity of task difficulty, we also varied the difficulty of the 
task trials that participants had to perform. This led to a confound of 
clarity of task difficulty with overall task difficulty. In the clear-difficulty 
condition, only easy task trials were presented, and the overall difficulty 
of the task was correspondingly low. In the unclear-difficulty condition, 
we presented easy trials together with more difficult trials. This obvi-
ously made the task overall more difficult. Participants' task difficulty 
ratings and performance scores reflected this: Task difficulty was 
perceived to be higher in the unclear condition than in the clear con-
dition, and participants solved more trials correctly in the clear condi-
tion than in the unclear condition. Our results would still be explicable 
by motivational intensity theory if our clarity-of-task-difficulty manip-
ulation was interpreted as a difficulty manipulation. Under conditions of 
clear, easy task difficulty, the theory would not predict an effect of 
achievement motive strength because even a weak achievement motive 
should make task success important enough to warrant the effort 
required to perform the easy task. However, a weak achievement motive 
should not be sufficient to justify the effort required to perform the 
unclear, difficult task. Correspondingly, participants with a lower 
achievement motive strength could have disengaged from the task in the 
unclear-difficulty condition and not have invested any effort. However, 
from a theoretical point of view, a task with fixed and clear, high dif-
ficulty should lead to a twofold pattern where low achievement moti-
vated participants disengage whereas high achievement motivated 
participants mobilize effort. Inspection of Fig. 1 shows that PEP 
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reactivity did not show such a twofold pattern but rather increased 
proportionally with achievement motive strength, as would be expected 
for an unclear-difficulty condition. Therefore, despite the confound of 
clarity of task difficulty with overall task difficulty in our study, the 
results correspond to the interpretation of the task in terms of unclear 
difficulty. 

There is a second confound that needs to be mentioned and that is 
directly relevant to the conclusions that can be drawn from our study 
regarding the mechanisms that underlie achievement motive effects on 
task-related myocardial sympathetic activity. Given that the achieve-
ment motive refers to experiencing meeting and surpassing standards of 
excellence as rewarding (McClelland, 1987), the achievement motive 
should only be activated in situations that promise attaining or sur-
passing standards of excellence. One could argue that only the unclear- 
difficulty condition represented such a condition because of its higher 
overall difficulty. The clear-difficulty condition might not have consti-
tuted a situation that participants perceived as suitable to demonstrate 
excellence because it was too easy. Following this interpretation, our 
study would not have examined the moderating impact of clarity of task 
difficulty on the motive-behavior link but the moderating impact of 
motive activation. We think, however, that this critique would be more 
relevant if we had examined the impact of the implicit achievement 
motive, and not the impact of the explicit achievement motive. Ac-
cording to McClelland et al. (1989), the intrinsic challenge provided by 
the task itself (for instance, task difficulty level) is crucial to activate the 
implicit achievement motive. For the activation of the explicit 
achievement motive, task-intrinsic factors are supposed to be less rele-
vant. The explicit achievement motive should be activated by externally 
imposed challenges and social norms. For this reason, we presented to 
all our participants—independent of the clarity-of-task-difficulty con-
dition—the same type of social-extrinsic incentive by explaining that the 
task was indicative of cognitive capacity, that previous participants had 
performed well, and that we would provide them with information 
enabling a comparison of their own performance with the performance 
of these previous participants. Providing this type of information should 
have equally activated the explicit achievement motive in all conditions 
and prevented the explicit achievement motive from not being activated 
in the clear-difficulty condition. 

Additional aspects that may limit the conclusions that can be drawn 
from our study are the sample that included only young adults studying 
at the University of Geneva, the relatively low blood pressure baseline 
values, and the lack of comprehensive control for extraneous variables 
that may influence cardiovascular reactivity (e.g., Busch et al., 2017; 
Gendolla et al., 2019). First, the fact that our sample was composed of 
young, Swiss University students obviously implies that we only 
demonstrated the predicted moderating influence of clarity of task dif-
ficulty on the relationship between achievement motive strength and 
myocardial sympathetic activity for this particular population. While we 
are unaware of any theoretical reason why this relationship should be 
different in other populations, further research might aim at replicating 
our findings with more diverse samples. Second, the observed blood 
pressure baseline values were below the norm values for young adults. 
The only explanation that we have to offer for this finding is that our 
sample included a large proportion of young women, which tend to have 
a lower blood pressure than young men (Ji et al., 2020; Syme et al., 
2009). We do not think that the lower blood pressure baseline values 
constitute a serious limitation of our findings given that the results for 
blood pressure reactivity did virtually not change when including 
baseline values in the statistical analysis (see Footnote 3). Moreover, 
there are a number of other publications on motivational intensity 
theory that also examined student populations and found blood pressure 
baseline values considerably lower than 120/80 mmHg (Czarnek et al., 
2019; Mlynski et al., 2020; Silvestrini, 2015; Silvia, 2012). 

Third, the lack of a comprehensive set of control variables—we only 
controlled for the effect of baseline values, age, and gender—may also 
be considered a limitation. Observing the predicted effect without 

controlling for other variables that may influence cardiovascular re-
sponses suggests that the moderating influence of clarity of task diffi-
culty was strong enough to be detectable despite the noise that other 
factors might have introduced. However, it obviously leaves the possi-
bility that random variations in extraneous variables may have caused 
the observed effects on cardiovascular reactivity. For instance, our 
participants with a high achievement motive score in the unclear task 
condition might have had hypertensive parents whereas all other par-
ticipants might have had normotensive parents. Given that children of 
hypertensive parents tend to show stronger cardiovascular responses to 
mental arithmetic tasks (Manuck et al., 1985), a potentially unequal 
distribution of parents' hypertension status could explain why we found 
the strongest reactivity amongst high-achievement-motive participants 
in the unclear task condition. However, a more comprehensive set of 
control variables would not have offered a general protection against the 
suggestion that uncontrolled extraneous variables caused the observed 
effects: It is practically impossible to control for all the variables that 
have been demonstrated to influence cardiovascular reactivity (for 
instance, personality traits, Bongard et al., 1998; parents' hypertension 
status, Manuck et al., 1985; race of the experimenter, Murphy et al., 
1986; mood, Richter and Gendolla, 2009b). Given the multitude of po-
tential control variables, it would be desirable to have a consensus 
amongst researchers working on cardiovascular reactivity regarding the 
variables that should be controlled for in work on cardiovascular 
reactivity. 

Our study adds to the emerging literature on physiological correlates 
of motives (e.g., Dufner et al., 2015; Quirin et al., 2013; Stanton and 
Edelstein, 2009; Stanton and Schultheiss, 2007) by demonstrating the 
impact of the explicit achievement motive on myocardial sympathetic 
activity. Drawing on motivational intensity theory, a theory on effort 
investment in instrumental tasks, we showed that the impact of the 
explicit achievement motive on myocardial sympathetic activity is not 
stable but depends on the clarity of task difficulty. If task difficulty was 
unknown (or unpredictable), a strong explicit achievement motive led to 
higher myocardial sympathetic activity than a weak explicit achieve-
ment motive. If task difficulty was clear (and easy), motive strength and 
myocardial sympathetic activity were not positively related. Our find-
ings thus show that the impact of the explicit achievement motive on 
physiology is variable and depends on contextual factors like clarity of 
task difficulty. 
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