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Effort and performance in a
cooperative activity are boosted by
perception of a partner’s effort
Matthew Chennells1 & John Michael2
In everyday life, people must often determine how much time and effort to allocate to cooperative
activities. In the current study, we tested the hypothesis that the perception of others’ effort
investment in a cooperative activity may elicit a sense of commitment, leading people to allocate
more time and effort to the activity themselves. We developed an effortful task in which participants
were required to move an increasingly difficult bar slider on a screen while simultaneously reacting to
the appearance of virtual coins and earn points to share between themselves and their partner. This
design allowed us to operationalize commitment in terms of participants’ investment of time and
effort. Crucially, the cooperative activity could only be performed after a partner had completed a
complementary activity which we manipulated to be either easy (Low Effort condition) or difficult (High
Effort condition). Our results revealed participants invested more effort, persisted longer and performed
better in the High Effort condition, i.e. when they perceived their partner to have invested more effort.
These results support the hypothesis that the perception of a partner’s effort boosts one’s own sense of
commitment to a cooperative activity, and consequently also one’s willingness to invest time and effort.
Cooperation can be observed in a wide range of species, from bees swarming1 to rooks jointly pulling a baited
platform into their cage2, and chimpanzees hunting for monkeys3. As humans, however, we are unique in our
capacity to cooperate flexibly across a wide variety of contexts, despite tremendous individual diversity, complex
environments and uncertainty about the future4–6. While it may be unsurprising that people are willing to contribute to cooperative activities when the benefits of doing so outweigh the costs, it is more difficult to explain why
they do so in situations where it is unclear that contributing is in their best interest.
In recent decades, a great deal of research in evolutionary theory, experimental economics and psychology has
been devoted to investigating this issue4,7–10. This research has led to substantial progress in identifying ultimate
(i.e. evolutionary) mechanisms that are likely to have supported the evolution of cooperation in humans, such
as kin selection11,12, direct13 and indirect14 reciprocity, interdependence15, and cultural group selection;16 and in
identifying proximate psychological mechanisms underpinning cooperation, such as other-regarding preferences
for equality17, an aversion to guilt18, and an aversion to disappointing others’ expectations19.
Most of this research has focused on situations in which the costs and benefits that are at stake are monetary.
This can make it possible to quantify and compare the value of cooperation for people under a wide range of
circumstances, although it is important to be cautious insofar as the monetary scale is not guaranteed to be proportional to the perceived value. In everyday life, however, people often must make decisions about contributing
less easily quantifiable resources, in particular effort, in cooperative activities. In these cases, it may be more
difficult for them to assess the level of others’ contributions, to compare others’ contributions with their own,
and to determine the amount that is appropriate for them to contribute. To attain a fuller understanding of the
psychological underpinnings of human cooperation, it is important to investigate people’s decisions and actions
in these types of situation.
Over the past few years, researchers have begun to turn their attention to this challenge. Braun, Ortega and
Wolpert (2009, 2011)20,21, for example, implemented a battery of social dilemmas with structures deriving from
behavioural economics but in which the resource at stake is physical effort–e.g. participants can cooperate to
minimize global effort in a prisoners’ dilemma, or attempt to minimize their own individual effort at the expense
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of their partner. The main finding is that cooperation rates are much lower than typically observed in standard
versions of the prisoners’ dilemma. In a similar vein, Lockwood, Husain and Apps (2017)22 found that participants were less willing to exert physical effort to generate monetary rewards for others than when the reward was
for themselves. These recent findings raise the important question: Under what circumstances are people willing
to invest a high degree of effort in cooperative activities?

The Current Research

We hypothesized that one important factor may be the perception of a partner’s effort. Specifically, the perception
of a partner’s effort may elicit a sense of commitment to a cooperative activity, thereby boosting the willingness to
reciprocate by contributing more time and effort as well23. To test this, we implemented a cooperative task requiring two players to contribute distinct, complementary forms of effort: one player (the role of which, unbeknownst
to participants, was played by a virtual agent) must perform a cognitive task in order to ‘unlock’ each new round
of a game in which the other player (the participant) must invest physical effort in order to attain points that
would be converted at the end of the experiment into monetary rewards to be shared equally by both players.
Specifically, the participants’ task was to repeatedly press a spacebar to advance a cursor along a progress bar,
thereby causing virtual coins to appear at unpredictable intervals. In addition, each time a virtual coin appeared,
their task was to press the ‘s’ key within one second to retrieve the coin. Over the course of each round, it became
increasingly difficult to advance the cursor, i.e. participants had to press the space bar increasingly quickly to
make progress. As a result, the effort cost increased progressively over each round, creating an increasingly strong
temptation to disengage from the task – which participants could freely do whenever they chose to – by pressing a button that would end the current round and initiate a new round. Participants perceived the likelihood
of coin appearance to be evenly distributed across the line; they therefore make slower progress in progressing
along the line because of the increasing effort cost required to advance the cursor. But since the coins increased
in value over the course of each round, the optimal strategy with respect to maximizing the joint points total, and
hence the partner’s monetary reward, was to continue each round until the maximum number of coins had been
retrieved. This enabled us to operationalize participants’ commitment to the cooperative task by analysing their
persistence in obtaining as many points as possible.
By modulating the apparent difficulty of the cognitive task performed by their partner at the beginning of each
round, we were able to manipulate the degree of effort which participants perceived their partner to be investing.
We hypothesized that on rounds on which participants perceived their partner investing a high degree of effort
(High Effort Condition: HE), they would be more committed to the task than on rounds when they perceived
their partner investing a low degree of effort (Low Effort Condition: LE). To ensure that they could not directly
compare their own and their partner’s effort level, we implemented a design in which their task is different from
that of their partner. If it were possible to directly compare their effort level with that of their partner, we were
concerned that participants would use their partner’s effort contribution as an anchor for their own.
Our experimental design allowed us to operationalize participants’ commitment to the cooperative activity
in four ways. First, through performance, i.e. the amount of points earned within a round. We predicted that
higher perceived partner effort in HE rounds would lead to greater commitment by participants to the joint goal
of maximising the number of coins “caught” and, consequently, points earned. Second, we expected participants
to persist for longer before choosing to end the round in HE relative to LE rounds, resulting in more time spent
on the task and longer round length. Third, we predicted that more committed participants in the HE condition
would choose to exert more effort to move the yellow line further along before exiting, manifesting in a larger
number of key presses within HE versus LE rounds. Fourth, we reasoned that high commitment in the HE condition should lead participants to “hang on” until a coin appears rather than exiting the round even after they have
lost interest in the round. If so, then we should expect participants in the HE condition to tend to exit rounds right
after appearances of coins. This means that in the HE condition we should expect to see fewer key presses after the
appearance of the final coin (post-coin key presses).
Our experimental design also allowed us to explore the cognitive mechanisms underpinning the behavioural
effects we predicted. Specifically, we were interested in whether a sense of commitment also acts as a top-down
executive control mechanism, working to maintain representation of the value of the task to the partner and/or
the cost invested by the partner in working memory24. In addition to pressing the key to move the yellow line,
participants were tasked with reacting to the appearance of coins (with point values). When coins appeared, participants had one second to recover the coin before it disappeared. Differences in executive control may thus be
revealed by differences in reaction times (RTs). We did not make any prediction about the direction of the effect
for this measure. This is because increased motivation to recover coins may lead to lower RTs in the high effort
condition, but increased attention to the key-pressing task might also distract participants from the additional
task of recovering coins as they appear. In addition, we measured the speed of participants’ keypresses–i.e. the
frequency with which participants pressed the key to move the yellow line over the duration of the round. We predicted that heightened executive control would translate into greater consistency in effort application, with more
constant attention paid to coin appearance and more constant key-pressing. We thus expect to find less variability
in both reaction times and speed in HE rounds compared to LE rounds.

Results

For the analysis, we excluded participants who did not complete at least 8 rounds (minimum 4 in each condition) in which they exited the round. This was an a priori decision made to ensure we would have enough data to
compute means for each condition. We also limit our sample to only those rounds in which participants exited
the round (92% of all rounds). Our analysis thus excludes rounds which participants were performing when the
maximum duration of the experiment was reached (30 minutes) and the experiment automatically ended (6% of
all rounds), and those rounds in which participants ended the round by reaching the end of the line (2% of all
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Figure 1. Individual-level data. Each point represents one participant’s set of mean measures for selected
variables for each of the two conditions: mean measure for High Effort condition is shown on the Y axis; mean
measure for Low Effort condition is shown on the X-axis. A point on the 45° line indicates equality between the
two measures; that is, if the mean of each of the participant’s measures did not differ between conditions. The
variables shown are calculated separately for each condition and include: (A) Mean number of coin appearances
per round; (B) Mean number of key presses per round; (C) Mean round length, in seconds; (D) Mean number
of key presses after the final coin appearance within a round.

rounds). These rounds are dropped as they contain an upper bound; there is no counterfactual as to how long
participants might have persisted had they been given the opportunity. Our sample of 27 participants contains
396 rounds, an average of 14.67 rounds per person. Approximately half (51%) the rounds faced are classified as
LE condition and the rest (49%) as HE condition.
To test the data for normality and homogeneity of variance we conducted Shapiro-Wilk tests for all our measured variables (A-D), from which the following p-values obtained: (A) Mean number of coin appearances per
round: HE condition, p = 0.0005, and LE condition, p = 0.0193; (B) Mean number of key presses per round:
HE condition, p = 0.0599, and LE condition, p = 0.3219; (C) Mean round length, in seconds: HE condition,
p = 0.0003, and LE condition, p = 0.0155; (D) Mean number of key presses after the final coin appearance within
a round: HE condition, p = 0.0827, and LE condition, p = 0.0031. The majority revealed significant deviations
from normality, necessitating the use of non-parametric testing procedures. For each measure we thus conduct
Wilcoxon25 signed-rank tests for equality of matched-pairs between effort conditions. In the results that follow,
we report the significance level, p, and appropriate effect size measure26,27, r, from each test, and the medians for
each condition.
Each performance and persistence measure reveals significant differences between conditions (see Figs 1 and
2). The number of coin appearances is significantly higher in the HE condition (Mdn = 4.25) than in the LE condition (Mdn = 3.60), p = 0.0005, r = 0.471. Participants persist for a longer time (seconds) in the HE condition
(Mdn = 143.57) than the LE condition (Mdn = 126.33), p = 0.0211, r = 0.314. And participants move the line further by pressing the key more times in the HE condition (Mdn = 847.83) than the LE condition (Mdn = 758.60),
p = 0.0198, r = 0.317. All three measures show an increase of between 12–18% when moving from LE to HE
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Figure 2. Box plots for effort and performance measures; for High and Low effort conditions. Significance
levels from Wilcoxon signed-rank test on matched pairs: ***p < 0.001; **p < 0.01; *p < 0.05; ns = non-significant.

Figure 3. Box plots for executive control measures; for High and Low effort conditions. Significance levels from
Wilcoxon signed-rank test on matched pairs: ***p < 0.001; **p < 0.01; *p < 0.05; ns = non-significant.

condition rounds. Participants also have fewer key presses post the final coin in the round in the HE condition
(Mdn = 60.65) than LE condition (Mdn = 68.50), p = 0.0062, r = −0.373.
Results from our measures for executive control contrast with those above (see Fig. 3). Reaction times in
catching coins are not significantly different in the HE condition (Mdn = 439.09) than in the LE condition
(Mdn = 446.29), p = 0.7366, r = 0.046. Our comparison of the Standard Deviation in reaction times across conditions show the amount of variation did not systematically differ in the HE condition (Mdn = 88.76) from the
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LE condition (Mdn = 75.34), p = 0.1128, r = 0.216. To analyse key-press speed, we looked at the mean inter-tap
interval (ITI). The ITI is the time, in milliseconds, between each press of the key to move the line. A lower average
ITI implies quicker speed. The results revealed that key press speed did not significantly differ in the HE condition
(Mdn = 166.45) than the LE condition (Mdn = 168.78), p = 0.6480, r = −0.062. Further, we find no evidence of
change in the consistency of speed between conditions. The Standard Deviation in ITI did not significantly differ
between the HE condition (Mdn = 41.55) and LE condition (Mdn = 41.52), p = 0.2391, r = −0.160.

Discussion

We investigated people’s willingness to invest effort in a cooperative activity in which both they and their partner
must invest effort to generate rewards to be shared between them. Our prediction was that a higher perceived
effort contribution from a partner would cause participants to become more committed to the cooperative activity. Using a within-subject design to control for potential motivation and ability across participants28, our results
revealed that participants did indeed apply significantly more effort themselves when they perceived their partner
to have invested a high degree of effort than when they perceived their partner to have invested a low degree of
effort; persisting for longer, moving the line further along and, ultimately, recovering more coins and earning
more points. The magnitude of these effects is consistent across the different measures. This provides support for
the hypothesis that others’ investment of effort elicits a sense of commitment to cooperative activities.
These findings build upon recent research which has shown that people persist longer in cooperative activities
which involve spatio-temporal coordination, waiting for longer periods before ending rounds when they perceive their partner to have invested high relative to low effort29. Our results here affirm that perception of effort
modulates a sense of commitment. Our findings extend this research in two ways. First, we focus on an activity
that lacks strong spatio-temporal coordination. Unlike Székely and Michael (2018)29, whose participants worked
together with a partner to jointly navigate a snake to collect apples (and earn points), our experiment involved
only very low coordination demands. Participants performed separate, though complementary, tasks. Our results
therefore put us in a position to infer that the effects of the perception of a partner’s effort upon commitment
do not presuppose a context involving a high degree of coordination. Second, our task requires participants to
continuously apply effort rather than just patiently wait. While previously waiting time was used to operationalise
commitment, our design requires participants not only to wait but to pay an effort cost. Our findings therefore
indicate that the sense of commitment elicited by the perception of a partner’s effort is sufficient to increase people’s willingness to invest time and effort in a cooperative activity.
Our study was driven by a valuation perspective of effort-motivated cognitive control28,30–32. Participants generate subjective expectations of the benefit associated with their task – the expectation of points associated with
token appearances – but must pay an effort cost in order obtain that benefit. Crucially, this effort cost increases
as the round progresses: Each subsequent key press moves the line forward by a decreasing amount, with the
effort cost of continuing the round thus increasing as the line progresses. Participants thus face an increasing cost
function, while the subjective valuation of the task remains constant as they are all primed with the same benefit
expectation; they believe that tokens appear at random intervals, regardless of the round number or time spent in
the round. Continuous monitoring processes that allow individuals to see if current actions are having a desired
effect form one minimum requirement in making joint-action possible33. Participants must have sufficient feedback on their decisions to influence their resource budgets and allocation for a task34, as in our experiment, where
subjects receive instantaneous feedback on their effortful actions through the line movement and coin reaction
outcome. When the marginal cost of continuing in the round is greater than the expected marginal benefit of coin
appearance, participants will thus exit the round32. Our experiment exploited this behaviour: given that the cost
structure remains constant across both conditions, differences in effort provision in HE and LE rounds must be
driven by a change in benefit valuation within rounds. Our results are consistent with the hypothesis that a sense
of commitment is the driver of this change: participants’ value function is systematically greater in HE than LE
rounds.
Our results show no significant difference between HE and LE rounds in reaction times to coin appearances
or in the speed at which participants moved the line. We similarly find no difference across conditions in the
within-round variation of these measures. This may indicate that these measures were not sufficiently sensitive
to pick up any differences in the extent to which executive control was engaged between our two conditions. And
indeed, this explanation is consistent with the small number of coins missed: only 54 (<1%) out of a total 5,412
coin appearances across all subjects were not caught – this does not differ greatly between HE (n = 30) and LE
(n = 24) conditions. Similarly, a further reason why we may not have observed any significant differences in our
speed and reaction time measures is that increased persistence in the HE rounds may been traded off with other
effort-requiring actions, such as slower speed and reaction times.
It therefore remains an open question for future research to investigate the influence of a sense of commitment
on executive function. One possibility would be to implement a more attention-demanding task to tease apart the
influence of cognitive control and subjective valuation drivers of behaviour related to increased commitment. A
further important challenge would be to investigate the neural underpinnings of the motivational effects of the
sense of commitment to another. In this regard, previous research provides empirical evidence that the temporal
parietal junction may play a central role in mediating individuals’ willingness to invest effort in collaborative
activity35.
It would also be interesting for future research to probe perceptions of relative effort contribution in cooperative activities. While we are generally willing to exert effort for others’ benefit22, the extent of our generosity
may be mediated by our perception of relative resource commitments. For example, we are likely to be less willing to contribute earned income to individuals or groups when we perceive our own effort contribution to be
greater than others’36,37. To prevent participants from being able to directly match their partner’s level of effort,
our experiment involved different tasks with different kinds of effort. While our within-subject design deals with
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Figure 4. Sample captchas. These two examples were presented to participants in the instructions prior to
beginning the experiment.

unobserved factors related to participants’ own views of the relative effort required in each task (participants may
believe their task to be more difficult than their partners’), it would be interesting to directly investigate the effects
of perceived fairness of effort distribution on the sense of commitment, and also to explore the effects on commitment of different types of perceived partner effort contribution, such as physical effort.

Methods

Participants.

Using G*Power 3.138, a sample size of 27 was calculated to provide 80% statistical power for
detecting a medium-sized effect equivalent to what we observed in a pilot study (d = 0.58), assuming a two-tailed
t-test and an alpha level of 0.05. The experiment was conducted in groups of 4 at a time, with a total of 28 participants taking part in the experiment (the 28th participant to sign up chronologically was excluded prior the
analyses from the sample to reach the optimal sample size). In addition to the 27 participants who constitute our
sample (15 females; Age: M = 21.41, S.D. = 2.10), thirteen further participants did not meet threshold participation requirements and were excluded prior to analysis. All participants were recruited through the University of
Warwick SONA System, a voluntary sign-up system available to anyone interested in taking part in paid research
conducted by Warwick researchers. Exclusion criteria included participation in previous experiments within the
same umbrella project. All participants reported speaking and understanding English.
Each participant was provided with an information sheet outlining the overall project of which the experiment
was part as well as instructions for the experiment. Participants also provided written informed consent prior to
the experiment. Ethics clearance for the experiment was obtained from the University of Warwick’s Humanities
and Social Sciences Research Ethics Committee (HSSREC) and all methods were performed in accordance with
the relevant guidelines and regulations. In addition to the instructions, participants were told that they would
be paired with a partner, the total points accumulated by their pair shared equally between them at the end.
Participants were instructed that both their own and their partner’s monetary payments at the end of the experiment would depend on the points accumulated during their task, which would vary between £6 and £12.

Apparatus and Stimuli.

Stimulus presentation was programmed on a PC using Cycling ‘74 Max Live version 7.3.4. Participants input into the task was captured using a standard QWERTY keyboard and the computer screen provided participants with real-time visual feedback on their inputs. An instruction sheet provided
showed the meaning of relevant keys. During rounds, on the same screen, participants saw a video of what they
perceived as their partner completing her task. The video was designed to behave in a human-like manner, with
delays and mistakes included in completing the task. To control for learning effects, half the participants experienced one chronology of rounds and the other half a mirror version.

Procedure. Participants were first seated together in groups of four, and instructions were read aloud by the
experimenter. The group was informed that each person would be privately, randomly assigned either the role
of Player A or Player B, and that each would be partnered with another in the group taking the opposite role,
although they would not know exactly which of the remaining three participants this would be. Participants
were advised to read the instructions for both roles (Player A and Player B). Each participant was then shown to
a separate adjoining cubicle, containing information on their role allocation (all were allocated the role of Player
A) and a PC on which they would complete their task.
Participants – all in the role of Player A – had 30 minutes to complete as many rounds as they wished, with the
instructed goal of earning as many points as possible. Their partner – Player B – would perform a different task
to ‘unlock’ the next round of Player A’s task. The role of Player B was pre-programmed. Points earned by Player
A would be automatically shared equally by both players. Time was paused in between rounds while Player B
completed her task and participants were informed that Player B would not be able to watch her performance
during her task.
Player B’s task was ostensibly to decipher a captcha key she had been given to unlock the next round for Player
A (see Fig. 4). A new captcha key was required to be deciphered at the beginning of each round and Player A
had to wait until the task was complete before proceeding to the next stage and getting the opportunity to earn
more points. Player A was shown two outputs on her screen. First, Player B’s rating of the level of difficulty of
the captcha to be deciphered. Captchas ratings were presented to Player A on a visual scale, with the following
possibilities: very easy; easy; medium; hard; very hard. Second, asterisks denoting Player B’s “work-in-progress”
followed by the completed key once it was unlocked.
Once unlocked, Player A could begin her round (see Fig. 5). Participants applied effort to the task by continuously pressing the ‘spacebar’ key. This moved a yellow line on the screen. To make the task increasingly boring
and/or more difficult, the line got progressively harder to move the further it was along (requiring more presses
per unit of distance). On the screen, a coin worth 0 points would periodically change into a new coin starting at
10 and increasing in multiples of 10 to 60 points. Whether and when a new coin appeared was said to be randomly
SCiEntifiC Reports | (2018) 8:15692 | DOI:10.1038/s41598-018-34096-1
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Figure 5. Trial structure. Each trial consisted of a captcha phase (Player B’s task to ‘unlock’ the round), followed
by a round of the coin catching game (Player A’s task to get points for the team).
determined, although patterns of appearance were pre-built into the program. Participants could therefore never
be certain if and when a new coin would appear. When a new coin appeared, participants were given one second
to press the ‘s’ key to catch, or sell, the coin as quickly as possible before it disappeared. Successfully catching the
coin would add its points to a running total; missing the coin resulted in no points being added. Participants –
in the role of Player A – had one practice round with no time limit imposed and in which points did not count
towards the final tally. Monetary payment was thus allocated based on the number of points earned by participants (as Player A). The appearance of coins varied independently across rounds and was not determined by
participant performance. Participants were given the option of exiting the current round before the line had
reached the end by pressing the ‘escape’ key. This would enable them to begin a new round, but only after it had
been ‘unlocked’ by their partner (Player B) in performing her task.
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Data Availability

The datasets generated during and/or analysed during the current study are available in the Effortinvest_2018
repository, available online at http://dx.doi.org/10.17605/OSF.IO/VGQ3S.
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