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ARTICLE INFO ABSTRACT

Keywords: Many studies found that in physical tasks, reducing certainty regarding their endpoints hinders performance.
Effort However, the impact of reducing certainty regarding other aspects of physical tasks is unknown. Here we
Fatigue manipulated the certainty of the required effort on an unrelated, parallel task (i.e., off-task uncertainty) and
Iiiiﬁiainty examined how it impacts force production in two within-subject experiments (N = 79). In two sessions, subjects
Motivation completed 20 repetitions composed of maximal forces using a gripper with their dominant hand. Between

repetitions, participants applied either submaximal constant or varied grip forces, with their non-dominant arm,
matched for total forces across repetitions. While we observed trivial differences in total forces between con-
ditions, under the varied condition, participants produced a steeper decrease in forces, suggesting that off-task
uncertainty impacted their effort allocation strategy. We speculate that this pattern can be attributed to cogni-
tive overload and/or changes in motivation stemming from the imposed uncertainty.

People routinely exert effort to achieve their goals, but deciding how
to distribute effort in the course of goal pursuit is no trivial task.' For
example, a person who must quickly reach an airport gate can walk, jog,
or sprint. If the gate is not too far and the person is physically fit, then
sprinting there as fast as possible-the so-called “all out” strategy—would
be a good idea. Conversely, if the gate is further away and the person is
physically inactive, then implementing a more moderate strategy, such
as walking at an above-average, constant pace would probably get them
to the gate faster.

Importantly, however, for all people—sedentary and elite athletes
alike-tasks of longer durations or distances would require moderating
effort (i.e., pacing) (E. J. Allen et al., 2016; McGibbon et al., 2018). For
example, in running races over 800 m, even elite runners do not
implement an “all out” strategy, but instead follow moderate energy
expenditure strategies (Tucker et al., 2006). Although the literature
suggests that people regulate effort in view of prospective task demands
(Braver, 2012; Noakes, 2007), little is known about what instigates this
process and what moderates it.

One variable that has been shown to affect pacing is certainty

regarding task endpoint, which implies certainty about the extent of
effort the task would require over time. When people do not know the
distance, time, or number of repetitions that they would need to com-
plete, they tend to underperform compared to conditions with a clear
endpoint. For example, people run and cycle slower, and apply lower
forces in resistance tasks when uninformed about the task endpoint
(Cheema & Bagchi, 2011; Halperin et al., 2014; Hanson & Buckworth,
2015; Wingfield et al., 2018). It can be speculated that when people are
unsure as to the extent of effort that will be required over time, they
resort to a frugal policy, and apply a lower level of effort to conserve
energy in view of possible high future demands.

Importantly, uncertainty in these studies concerned the overall de-
mands on the performing muscle-groups, that is, the same muscle-
groups whose output was measured (i.e., task-specific uncertainty). For
example, people’s force output was measured with and without
knowledge as to how many repetitions they would need to complete
(Halperin et al., 2014). In conditions of task-specific uncertainty,
applying moderate levels of effort makes sense. This is because people
prepare for the possibility of longer effort expenditure and assume that
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1 We use the term “effort” to refer to the mobilization of resources to carry out instrumental behavior (Gendolla & Wright, 2009). Effort is a latent variable
estimated by objective and observable performance or physiological variables. For example, force production, lifted loads, heart rate, and oxygen consumption. In
this study, we use force production as the observable output that is indicative of effort. Note that effort is associated with such observable variables but is not identical
to them. For example, when sick, a person might need to exert more effort to produce the same level of force as when healthy.
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for a specific muscle group, moderate effort can be exerted over longer
durations/distances than more intense effort.

A question that remains unanswered is how other types of uncer-
tainty would affect effort allocation. More specifically, would increasing
uncertainty regarding the demands on one muscle group cause a frugal,
more moderate pattern of effort allocation in another muscle group?
This could be expected if frugality does not reflect prospection about the
performance of specific muscles, but rather a general response to many
types of uncertainty, a policy that says “in an uncertain situation, spend
energy resources frugally”. Conversely, it is also possible that uncer-
tainty, when it does not concern the performing muscles, would inter-
fere with planning, causing one to invest effort in a myopic, present-
oriented (rather than frugal, future-oriented) manner.

In two studies we set out to examine how force allocation would be
affected by uncertainty regarding force requirements that do not
concern the performing muscles. For that end, we manipulated uncer-
tainty regarding moment-to-moment force requirements in a concurrent
task that involved different muscle groups than the main task. We term
this off-task uncertainty. To examine the effect of off-task uncertainty on
effort allocation we developed a paradigm in which the dependent
variable was force applied over 20 repetitions by one arm (when the
instructions are to produce maximum force), and the independent var-
iable is the force applied after each such repetition by the other arm,
which, depending on the experimental condition, was either constant
and certain, or varied and uncertain, but similar on average between the
two conditions.

The difference between this type of uncertainty and uncertainty
regarding the task’s end point (i.e., between off-task uncertainty and task-
specific uncertainty) should be emphasized: In task-specific uncertainty,
the actors do not know the extent of effort that would be required of the
muscle groups that are directly involved in completing the task, so a
reasonable strategy is frugality, that is, start moderately, preparing for
the possibility of a longer task. In off-task uncertainty, on the other hand,
uncertainty concerns only moment-to-moment demands of the muscle
groups that are not performing the main task.

Would off-task uncertainty induce a frugal, conservative effort allo-
cation strategy? In other words, would off-task uncertainty, just like
task-specific uncertainty, induce a lower-level of force across the repe-
titions, and a more moderate decline in force over repetitions in com-
parison to a condition with no uncertainty? Or would off-task
uncertainty, conversely, interfere with planning and drive people to a
myopic, rather than a frugal allocation of effort over the course of a task?
This would be manifested in starting with a higher level of force and a
reducing force more steeply over repetitions, akin to an “all-out” strat-
egy.” We further elaborate on the importance of this question in the
general discussion, where we address it in light of the results.

1. Experiment 1

We tested whether introducing off-task uncertainty about the up-
coming required level of force would reduce level of applied force, or
rather cause a more myopic pattern of force allocation, namely, a steeper
reduction in applied force. We asked participants to perform 20
Maximum Voluntary Contractions (MVCs) with their dominant hand.
Before each repetition, they were instructed to exert with their non-
dominant hand a force that was either fixed (fixed condition) or had
the same mean value but varied randomly through the session (varied
condition). We examined whether the level of exerted peak force
(measured as % of pretest MVC) would be lower in the varied than in the
fixed condition, whether it would be reduced over the 20 repetitions,
and whether the reduction would be steeper in the varied condition than

2 Of note, we are not suggesting that an “all-out” strategy is necessarily
myopic, only that a myopic, present (rather than future-) oriented pattern of
effort allocation could give rise to such a strategy.
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in the fixed condition.
1.1. Method

1.1.1. Participants

Forty-three participants (21 women; Muge = 29.60, SD = 8.79) were
recruited in exchange for course-credit. We aimed to continue data
collection until we reached 40 participants with full data. One partici-
pant was excluded for not feeling well during the second session, and
two additional participants were excluded because, due to an experi-
menter’s mistake, they performed the same experimental condition
twice.

1.1.2. Materials and procedure

All materials and procedures for this and the subsequent study were
approved by the Tel-Aviv University institutional review board. Partic-
ipants were asked to watch a short video that demonstrated the exper-
imental procedure before they arrive at the lab. They also provided
information on their age, gender, and dominant hand. Participants
performed two experimental sessions with an interval of at least 48 h
between them. Before each experimental procedure in each session,
participants performed four pre-test measurements of their grip-force
MVC in each hand which lasted 3 s and were interspaced with 40 s of
rest. In the first two pre-test repetitions in each hand, participants could
not see the force they were producing, but in the last two repetitions
they could.

In each session, after a pre-test MVC measurements (see below) and a
3-min break, participants performed 20 repetitions of producing MVC
with their dominant hand. Each repetition lasted 3 s. Before each
repetition with their dominant hand, participants were asked to use their
non-dominant hand to produce for 3 s a force equal to a number pre-
sented on the computer screen. There were 10 s between every two
repetitions. In the fixed condition, the number on the computer screen
was identical for every repetition, and was equal to 60% of the peak they
achieved with the non-dominant had during the pre-test measurements
on that day. In the varied condition, the number on the computer screen
varied from trial to trial and was drawn at random from a normal dis-
tribution with a mean of 60%, and a standard deviation of 17% of the
peak force of the non-dominant hand they achieved during the pre-test
measurements on that day. Participants had 10 s to switch between
generating the instructed force with their non-dominant hand and
generating MVC with their dominant hand. At the top of the computer
screen, a progress-bar and a counter were displayed, which indicated the
number of repetitions left until the end of the session (Figure 1). The
experimenter noted out-loud when participants had 20 more repetitions
left overall (10 in each hand), and when they reached their last repeti-
tion for the session. Grip-force was measured with a grip dynamometer
(Kinvent, Orsay, France) with a sampling frequency of 75 Hz and a
designated tablet app (K-APP, Orsay, France). The instructions and
progress bar on the computer screen were presented via the Matlab
software (Version R2017; www.mathworks.com) and the Psychtoolbox
package (Version 3).

Each session began with a warmup and familiarization procedure,
whereby we introduced (in the first session) or reminded (in the second
session) participants of the squeezing technique and explained to them
that the tablet app displays the force they generate. We instructed par-
ticipants to sit with their back straight, their feet on the floor, their non-
squeezing arm on their shoulder, and their squeezing arm straight to the
side of their body, not touching the seat. After a short demonstration of a
15-s squeeze, we asked participants to familiarize themselves with the
equipment by freely using the handgrip dynamometer and observing the
values displayed on the screen for 15 s for each hand. Afterwards, we
introduced the instructions on the computer screen as shown in Figure 1,
and asked participants to perform four repetitions with each hand with
the force 4, 6, 15, 7, and 15, 7, 6, 4 kg in the right and left hand,
respectively for women, and 8, 12, 10, 20, and 20, 8, 12, 10, for the left
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Figure 1. An example of the experimental setup and flow. A. The experimental setup. The participant read the instructions for each repetition from the computer
screen, and received feedback regarding their produced grip force via a designated tablet app. B. An example from the experimental procedure in the varied
condition. In the familiarization and experimental procedure, a progress bar at the top of the screen indicated the repetitions performed (red bar) out of the total
number of repetitions (black line). Underneath it, a number indicated how many repetitions were left until the end of the block. “Right” or “Left” at the bottom of the
screen indicated to participants which hand to use, and the number indicated the target level of force to be produced. There were 10 s between every two repetitions.

The first squeeze was always done with the non-dominant hand.

and right hand, respectively for men. We estimated these values to be
between 20 and 50% of participants’ MVC (Leyk et al., 2007). The first
squeeze was always done with the non-dominant hand. As in the
experimental procedure, participants performed each squeeze with their
non-dominant hand and their dominant hand right afterwards, with 10 s
between each two repetitions. The experimenter answered questions
and resolved any misunderstandings during the familiarization pro-
cedure, and noted when participants had four repetitions left, and then
again when they had one repetition left before the end of the warmup.
Participants then proceeded to perform the pre-test measurements and
the experimental procedure. Before they performed the experimental
procedure, the experimenter told participants that the force they will
produce with their non-dominant hand will be either fixed (in the fixed
condition) or would vary between repetitions (in the varied condition).

The %MVC in each repetition with the dominant hand served as the
dependent variable. We calculated this variable by first calculating the
pre-test MVC, which was the average peak force of the highest three pre-
test measurements on the day of the experimental session. For each
participant, the peak force in each repetition was converted into per-
centages of this value. Statistical analyses and figure making were car-
ried out with R (version 4.0.2; R Core Team, Vienna, Austria) using the
ggplot2, cowplot, Ime4, ImeTest, dplyr, and tidyr packages.

1.1.3. Results

The data of both experiments are available at https://tinyurl.com
/3p6p7adk. We compared the steepness of reduction in %MVC in the
varied condition and the fixed condition. Average reduction of effort is
best assessed as the steepness of the linear (dlownward) trend, and thus
our main analysis, which we also preregistered in Experiment 2, is a
linear regression of %MVC on repetition number. Because the rate of
decline in %MVC over repetitions was not constant but rather deceler-
ated (that is, reduction in %MVC from one repetition to the next was
more substantial in the beginning of the session than toward its end), a
quadratic model fit the data better than the linear trend (conditional
RZnear = 0.76, conditional Rguadma-c =0.78,p < 0.001), and we thus report
also a quadratic trend analysis, as well as its interaction with condition.

We tested a linear mixed regression model with the %MVC as the
dependent variable, and centered repetitions, condition, and their

interaction as the predictors, nested within participants. We added a
random intercept and additional random slopes for condition and rep-
etitions, as recommended by Bliese and Ployhart (2002). We found that
%MVC decreased more steeply over repetitions in the varied condition
compared to the fixed condition, b = —0.116, SE = 0.028, t(1475.23) =
—4.07, p < 0.001, 95% CI [-0.172, —0.060]; see Figure 2.

Importantly, the mean %MVC, across all 20 repetitions, was similar
across conditions (Mfixeq = 88.41, SDfixed = 11.03; Myariea = 88.47,
SDyaried = 11.30), t(39) = —0.03, p = 0.976. A Bayes factor of BFy; =
5.85, suggested that the hypothesis of no difference in overall %MVC
between conditions is more likely than the hypothesis of the existence of
such difference.

The quadratic model specifications were identical to the linear model
except for an additional repetitions? coefficient and its interaction with
condition. This model showed a significant effect of repetitions? b =
0.013, SE = 0.001, (1470) = 7.40, p < 0.001, 95% CI [0.010, 0.017]
that did not interact with condition, b = 0.004, SE = 0.002, t(1470) =
1.83, p = 0.068, 95% CI [-0.0003, 0.010]. As in the linear model, the
effect of repetition and its interaction with condition were significant
(see Table 1).

These results suggest that although the quadratic function describes
the overall pattern of results better than a linear function (because rate
of decline in effort decelerated over trials), the difference between
condition is best described as a difference in (mean) rate of decline in
effort over repetitions. This decline was steeper in the varied condition
than in the fixed condition. Importantly, this was the case even though
overall level of effort did not differ between conditions. In other words,
participants in the varied condition demonstrated a more pronounced
myopic, “all out” strategy of effort allocation, rather than a more frugal,
effort conserving strategy.

2. Experiment 2

This experiment was a preregistered replication of Experiment 1. The
preregistration is available at https://aspredicted.org/~XRoZIuQd7A.
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Figure 2. Force production over time in Experiment 1 in the fixed and varied conditions. The Y-axis represents peak force values of each repetition as the percent of
the mean peak force from the pre-test measurement on that day for each participant (%MVC). Before each repetition participants produced with their non-dominant
hand a target force of 60% of their MVC (in the fixed condition) or a force which was randomly drawn from a normal distribution with a mean of 60% of their MVC

and an SD of 17 (in the varied condition).

2.1. Method

2.1.1. Participants

Thirty-six participants (27 women; Mage = 22.90, SD = 1.81) were
recruited in exchange for course-credit. Based on the results of the
Experiment 1, we extracted a power curve for the coefficient of the
difference between the two conditions in the linear trend using the simR
package. The curve indicated that ~80% statistical power for the dif-
ference in the linear trend between the two conditions can be achieved
past a sample of 20 participants. We therefore aimed to continue data
collection until we reached a maximum of 40 participants or until the
end of the spring semester of 2021. One participant was excluded for not
showing up for the second session.

2.1.2. Materials and procedure

All materials and procedures in this experiment were identical to
Experiment 1, except that we added, at the end of each of the two ses-
sions, a few control and manipulation-check measures. Specifically,
participants reported to what extent the gripper task today was difficult,
stressful, interesting, challenging, enjoyable, to what extent they wanted
to perform it well, and to what extent they knew what to expect on the
next repetition of the handgrip task, all on scales that ranged between
“0” (“not at all”) to “100” (“very much”). After completing both sessions,
participants answered the question “In at least one of the experimental
sessions, did you plan ahead whether to apply more or less force while
performing the 20 repetitions? (Yes/no)”.

2.1.3. Results
Manipulation check. Participants indicated that they knew what was
expected in the next repetition more in the fixed condition compared to
the varied condition (p = 0.001, d = 0.59; see Supplementary Table 1).
Main Analysis. Similar to Experiment 1, we report both a linear mixed
regression model, which more directly tests our prediction, and a

quadratic mixed regression model, which provided a better fit to the
data (conditional Rﬁnear = 0.80, conditional Rguadma-c = 0.81, p < 0.001).
Replicating Experiment 1, force decreased more steeply over repetitions
in the varied condition compared to the fixed condition, b = —0.107, SE
= 0.033, t(1293.19) = —3.22, p = 0.001, 95% CI [-0.177, —0.044]; see
Figure 3. Also replicating Experiment 1, there was evidence for no dif-
ference in %MVC between conditions across all repetitions (Mfixed =
92.96, SDfixed = 13.91; Mygrieq = 92.86, SDyaried = 15.10), t(33) = —0.03,
p = 0.970, BF = 5.43. Thus, as in Experiment 1, uncertainty regarding
force production in participants’ non-dominant hand gave rise to a more
myopic distribution of force over time, with steeper decline but similar
overall effort.

The quadratic model showed a significant effect of repetitionz, b=
0.008, SE = 0.002, t(1270) = —1.90, p < 0.001, 95% CI [0.004, 0.013],
which did not interact with condition, b = 0.001, SE = 0.003, t(1270) =
—0.49, p = 0.715, 95% CI [-0.005, 0.007]. As in the linear model, the
effect of repetition and its interaction with condition were significant
(see Table 1).

In sum, we found no evidence for a more frugal effort expenditure in
the varied condition than in the fixed condition, as participants in both
conditions applied the same mean level of force. In both experiments, we
found that force decreased over repetitions more steeply in the varied
condition than in the fixed condition. The rate with which force
decreased over repetitions decelerated over trials (i.e., decrease was
steeper in initial than in later trials), but we did not find that decelera-
tion differed between conditions. This pattern of results indicates that
whereas a quadratic function describes the overall pattern of results
better than a linear function, the difference between condition is best
described as “differences in slopes” (i.e., as difference is overall rate of
decrease, rather than as a difference in the rate to which this decrease
decelerates over time).

Most participants, namely, 83%, reported that they did not plan
ahead when to apply more versus less force in any of the experimental
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Table 1
Mixed models’ results of Experiments 1 and 2.
Variable Estimate SE t-value (df) p-value  95% CI
®
Linear model-Experiment 1
Intercept 92.89 1.81 51.25 <0.001 89.23,
(41.22) 96.55
Repetition -0.213 0.041 -5.10 <0.001 -0.297,
(49.70) -0.129
Condition: 2.494 217 1.15 0.258 —1.89, 6.88
Varied vs. (45.64)
Fixed
Repetition X —0.116 0.028 —4.07 <0.001 -0.172,
Condition (1475.23) —0.060
Quadratic model-Experiment 1
Intercept 86.58 1.76 49.11 <0.001 83.02,
(40.58) 90.14
Repetition -0.214 0.041 -5.16 <0.001 -0.297,
(48.80) —-0.130
Condition: —0.585 2.130 —0.28 0.785 —4.87, 3.70
Varied vs. (41.20)
Fixed
Repetition® 0.013 0.001 7.40 (1470) <0.001 0.010,
0.017
Repetition X -0.117 0.027 —4.30 <0.001 —0.169,
Condition (1470) —0.063
Repetition® X 0.004 0.002 1.83 (1470) 0.068 —0.0003,
Condition 0.010
Linear model-Experiment 2
Intercept 96.44 2.18 44.05 <0.001 91.99,
(35.80) 100.88
Repetition -0.175 0.036 —4.81 <0.001 —0.247,
(54.17) —0.102
Condition: 2.29 2.57 0.893 0.377 —2.90, 7.49
Varied vs. (39.41)
Fixed
Repetition X —0.110 0.033 —3.28 0.001 -0.177,
Condition (1286.50) —0.044
Quadratic model-Experiment 2
Intercept 91.59 2.34 39.04 <0.001 86.82,
(35.15) 96.35
Repetition -0.175 0.036 —4.83 <0.001 —0.247,
(53.6) —0.102
Condition: —0.186 2.51 0.17 (35.7) 0.941 —5.27, 4.90
Varied vs.
Fixed
Repetition® 0.008 0.002 -1.9(1270) <0.001 0.004,
0.013
Repetition X —0.112 0.033 —3.34 <0.001 -0.177,
Condition (1280) —0.044
Repetition2 X 0.001 0.003 —0.49 0.715 —0.005,
Condition (1270) 0.007

SE = standard deviation, df = degrees of freedom, CI = confidence interval.

sessions. Additional paired t-tests comparing conditions on each of the
self-report measures are presented in Supplementary Table 1. There
were no differences between conditions in any of the other control
variables.

3. Discussion

In two experiments, participants performed 20 gripper MVCs with
their dominant hand under two counterbalanced conditions. In the fixed
condition, participants applied a force equal to 60% of their pretest MVC
with their non-dominant hand before each MVC with their dominant
hand. In the varied condition, participants applied a force that varied
randomly with a mean of 60% (and a SD of 17) of their pretest peak MVC
with their non-dominant hand before each MVC with their dominant
hand. We call the uncertainty that is introduced in this condition “off-
task uncertainty”. In both experiments, participants’ grip force declined
more steeply across repetitions in the varied condition than in the fixed
condition, although the overall force (that is, force observed over the
total 20 repetitions) did not differ between conditions. These results

Psychology of Sport & Exercise 73 (2024) 102618

suggest that off-task uncertainty does not lead to investing less overall
effort across repetitions, but does lead to a different pattern of effort
allocation, namely, to an initially higher level of effort that declines
faster over time.

In both conditions in both experiments, the produced force gradually
decreased with consecutive repetitions. This gradual decrease likely
stems from neuromuscular fatigue occurring in the nervous system (i.e.,
central fatigue) and working muscles (i.e., peripheral fatigue) (D. G.
Allen, Lamb, & Westerblad, 2008; Sahlin, 1992; Taylor et al., 2016).
However, the difference between conditions in the pattern of force
production, namely, the differential rate of this decrease, likely stems
from psychological causes. This is because neuromuscular fatigue im-
pacts the working muscles but has limited effect on remote and rested
muscle groups (Behm et al., 2021). Hence, the steeper slope in force
production in the varied condition compared to the fixed condition
should be attributed to psychological factors such as cognitive overload,
changes in motivation, and/or mental fatigue (De Morree et al., 2012;
Marcora & Staiano, 2010). Our results also suggest that off-task uncer-
tainty, that is, the uncertainty regarding the moment-to-moment effort
requirements on task-irrelevant muscles, plays a role in regulating effort
allocation over time. Effort regulation is impacted by the prospective
demands of the overall effort requirements and by how predictable the
task environment is (even if predictability does not concern effort by the
focal muscle group).

The pattern of force output in the varied condition could be
described as a more pronounced all-out pattern of effort allocation (high
start, rapid decline) compared to the pattern in the fixed condition. It is
interesting to note that an all-out strategy may be (but does not have to
be) devoid of planning, because it could emerge if an actor applies, at
each point in time, the maximum possible level of effort, with no
consideration for future effort demands. A flatter pattern, in contrast,
requires moderation of effort in view of future demands, and thus in-
volves planning, which may depend on executive resources (Braver,
2012; Morris & Ward, 2004). Perhaps consistent with this analysis, it has
been found that children (more than adults) and people with intellectual
impairment (compared to neuro-typical adults) tend to adopt all-out
patterns of effort allocation in endurance-based activities (Mickle-
wright et al., 2012; Sakalidis et al., 2021; Van Biesen et al., 2016). It is
possible that in our studies uncertainty enhanced the use of the all-out
strategy because it introduced cognitive demand that interfered with
planning of effort.

More generally, it is possible that when people are certain about
future task demands, they might prioritize long-over short-term per-
formance. High certainty grants one the ability to avoid unnecessary
waste of resources, while keeping up with certain performance stan-
dards, as future task performance is unthreatened by unexpected events.
In contrast, because uncertainty suggests that future task performance
might be interrupted by unexpected events, people might try to invest
more resources at initial task performance, when they know that they
still can do that.

Of note, participants in our studies were instructed to produce
maximum MVC on each of the 20 repetitions. We think that a different
pattern of results may have emerged had they been instructed to accu-
mulate a maximum force over the 20 repetitions (for example, had they
been told that on each one of the 20 repetitions they get a number of
points that is equivalent to the %MVC they achieve, and that their goal is
to earn maximum points). Most likely, this modified task would have
produced a “stuck in the middle” effect, whereby people invest more
effort at the beginning of a task and toward its end, and reduce effort in
the middle (Emanuel, 2019; Emanuel et al., 2021, 2022). It would be
interesting to examine, in future studies, how off-task uncertainty might
affect the steepness of this pattern.

Future studies might also employ the current protocol with longer,
endurance-based tasks, such as long-distance running, cycling or
swimming. Would introducing off-task uncertainty cause runners, cy-
clists and swimmers to start with a higher pace, that would then decline
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Figure 3. Force production over time in Experiment 2 in the fixed and varied conditions. The Y-axis represents peak force values of each repetition as the percent of
the mean peak force from the pre-test measurement on that day for each participant. In the fixed (varied) condition, before each repetition participants produced with
their non-dominant hand a target force of 60% of their MVC (in the fixed condition) or a force which was randomly drawn from a normal distribution with a mean of

60% of their MVC and an SD of 17 (in the varied condition).

at a faster rate? Outcomes from such projects might suggest, for
example, that uncertainty might contribute to higher accumulated fa-
tigue at the end of tasks due to a higher initial pace.

4. Conclusion

In two experiments, we found that physical effort decreased more
steeply, but overall level of effort applied over time remained similar
when uncertainty was introduced with respect to the trial-to-trial force
demands on another group of muscles. This finding suggests that a
pattern of steep decrease in force, which is traditionally attributed to
fatigue, can be produced, at least partially, by off-task uncertainty,
which concerns effort demand on muscles that are not directly involved
in the focal task.
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