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Lay abstract

When deciding how to move or complete a task, we assume people choose actions
that are the most rewarding and least costly. Yet, people repeatedly choose to
work cooperatively with others despite it being less time-consuming and equally
or more rewarding to do the same task alone. This thesis uses quantitative and
qualitative analytical techniques to assess the replicability of previous findings
and reveal the factors motivating decisions to cooperate. Unlike previous find-
ings, while some people strongly preferred to complete a task in the more costly,
cooperative manner, most either preferred to work alone or did not have a pref-
erence for either action. Individuals prioritized energetically-focused and social
aspects of the task, and to varying degrees. These results suggest that prefer-
ences for cooperative action are not random, but are rather highly individualized.
While many people want to maximize their instrumental gains, for some, the

most valuable reward is simply the friends they make along the way.



Abstract

When deciding between action alternatives, we use information about the relative
costs and rewards of each action to choose an appropriate plan. Participants of a
recent study by Curioni et al. (2022) showed strong preferences for completing a
virtual box-clearing task cooperatively with a partner rather than alone, despite
it being more costly. Participants completed the task standing beside each other
in close proximity which may have created a social pressure to cooperate through
aneed to manage one’s reputation or a sense of commitment. Here, 50 human
pairs, each composed of a "Decision-maker" and "Helper", completed a box-
clearing task modelled after Curioni et al. while seated farther away and out of
view of one another. In 50% of trials, Decision-makers were forced to complete
the task alone or with the Helper. In the remaining 50% of trials, Decision-makers
chose to work alone or cooperatively. When working together, participants were
required to synchronize their movements without communication nor feedback
of their partner’s movements. Decision-makers answered open-ended questions
regarding why and when they chose to complete the task alone and together.
Contrary to the model experiment, participants demonstrated a slight preference
for individual action over costly joint action, although these preferences were
not significantly different from chance. Inductive thematic analysis revealed

two dominant themes: "chose actions with greater instrumental utility" and
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"chose actions with greater social value". The identified themes suggest that
preferences to cooperate are highly individualized, and that cooperative action
seems to provide additional social rewards which may drive preferences for costly

cooperation.
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Chapter 1

Literature review

1.1 General introduction

Movement is a fundamental part of the human experience. Coordinated move-
ment allows individuals to interact with one another and with the surrounding
world to produce environmental change. Complex surgical procedures, harmo-
nious musical performances, and even a simple handshake are all examples of
coordinated movements known as joint actions. Sebanz et al. (2006) define joint
actions as coordinated movements between two or more individuals which result
in some change in the environment. Such interactions are social in nature and
require that the actions of all agents contribute to some common joint outcome

or action goal (Sebanz et al., 20086).

The study of joint actions has been of growing interest in recent years as re-
searchers have come to recognize that humans obtain and share information
largely through goal-driven social interaction (Obhi & Sebanz, 2011). Such inter-
actions are complex and require additional cognitive processes, from sharing
sensorimotor information to making optimal decisions, in order to be successful.

Much of what is known in the literature about these cognitive processes and



sensorimotor interactions, however, has been determined through studying in-
dividuals in isolation, void of social context (Obhi & Sebanz, 2011; Richardson et
al., 2008). Though this research has provided foundational knowledge for under-
standing individual action planning and execution, it is insufficient for describing
the basis of social, multi-agent interactions. Current joint action research aims
to bridge this gap through exploring the many complexities of motor cognition

within social interactions.

This literature review provides a brief overview of the mechanics and motivations
driving joint actions, as well as the various ways that joint actions are distributed
and executed between agents. It also discusses the computational processes
involved in multi-agent decision making, as well as factors that may contribute

to interaction partner choice.

1.2 Mechanisms of coordinated movements

When exploring joint actions, it is first important to understand what is occurring
at the neurophysiological and cognitive levels. There are two main components
of joint actions that should be considered: 1) the action plan and 2) the action
goal (Vesper et al., 2017). These components do not act in isolation; one aspect
cannot exist without the other. The action goal is a shared joint outcome that
all interaction partners work towards by creating and following an action plan.
Individuals generate their action plans with both the action goal and their co-
actors’ actions in mind (Sebanz et al., 2006). This is necessary for successful
coordination as it allows interaction partners to understand and predict each
other’s movements. This section outlines the proposed mechanisms underlying

the preparation and production of joint actions.



1.2.1 Representations

Mirror neurons are visuomotor neurons that fire during both action execution
and action observation (Rizzolatti & Craighero, 2004). di Pellegrino et al. (1992)
first discovered mirror neurons in the frontal and parietal areas of macaque mon-
keys. They found that the macaques’ neural activity while watching others act
mirrored neural activity occurring in the same motor regions while they them-
selves performed similar actions. Such activation was observed while watching
both conspecifics and individuals of different species, including humans, perform
actions (di Pellegrino et al., 1992; Gallese et al., 1996; Rizzolatti et al., 1996). Re-
searchers suggest that upon observing an action, neurons within the observer’s
premotor cortex relevant to that action are activated, producing a motor repre-
sentation of the action (Rizzolatti & Craighero, 2004). Rizzolatti & Craighero (2004)
hypothesize that the mirror neuron system transforms visual information into
knowledge about movement patterns or action outcomes in the form of motor
representations which may help mediate the understanding and imitation of

others’ actions (Rizzolatti & Craighero, 2004).

Mirror neurons have not been directly observed in humans as this would re-
quire the observation of single neuron activation which cannot be captured with
the neuroimaging techniques that currently exist (Baars & Gage, 2010). Though
activity of individual neurons in human brains cannot be captured, electroen-
cephalogram (EEG) (Cochin et al., 1998; Cochin et al., 1999), transcranial magnetic
stimulation (Fadiga et al., 1995, 2005; Hari et al., 1998), and functional magnetic
resonance imaging (Buccino et al., 2004; Molenberghs et al., 2012) have captured
activation of key motor brain regions during the execution and observation of hu-
man movements. Such observations provide neurophysiological and behavioural
evidence to support the existence of a mirror neuron system in humans. This re-
gional activation of an individual’s motor system while simply watching someone

else perform an action is referred to as motor resonance (Rizzolatti & Craighero,
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2004). Motor resonance involves the activation of an entire motor system, re-
sembling the functioning of individual mirror neurons but on a regional level,

thus supporting the notion of a mirror neuron system in humans.

Researchers have recently determined that in a joint action context, individuals
do not just form motor representations while observing their partner or executing
their own actions, but also in anticipation of their partner’s actions. Prior research
has established that late contingent negative variation (CNV) and movement-
related potentials (MRPs) are indicators of motor planning and representing the
onset of others’ actions (Brunia & Damen, 1988; Gaillard, 1977), and that amplitude
of these ERPs increases with task complexity (Schevernels et al., 2014). Kourtis
et al. (2014) recorded late CNV and MRP amplitudes using EEG while individuals
prepared to raise glasses in a clinking motion. Late CNV and MRP amplitudes were
greater while individuals planned to raise their glass at the same time as their
partner than while planning to raise their glass in a similar manner, but alone
(unimanually). Since both tasks required equally complex movements with no
interpersonal coordination, we would expect both tasks to require similar motor
planning. Therefore, observing greater ERP amplitudes in the joint action task
despite the irrelevance of the partner to the task and absence of interpersonal co-
ordination suggests that individuals represent their partner’s anticipated actions

when completing joint tasks (Kourtis et al., 2014).

Representations in joint actions have been supported at the behavioural level as
well through observation of the joint Simon effect (Miss et al., 2022; Sebanz et al.,
2003). In a solo Simon task where individuals were responsible for responding
correctly to external stimuli with one of two options, they typically exhibited the
Simon effect of making slower, less accurate choices during spatially incompatible
trials. This effect disappeared when individuals were only responsible for one of
the responses (Miss et al., 2022). However, in a joint version where the task was

completed in pairs and each partner was responsible for one of the two response
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options, individuals were inhibited by their partner’s actions as indicated by the
resurgence of the Simon effect (Miss et al., 2022; Ruys & Aarts, 2010). Again,
individuals formed representations of their partner’s task despite their partner’s

role being irrelevant to their own task (Sebanz et al., 2003).

In a similar vein, (Schmitz et al., 2017) conducted a study that required pairs of
participants to synchronously reach to and from targets where one partner’s
path was obstructed by an obstacle while the other’s was not. Partners without
an obstacle in their path moved as if an obstacle were present in order to syn-
chronously arrive at the target at the same time as their partner. This behaviour
indicates that beyond representing a partner’s task, individuals represent their
partner’s task constraints and incorporate them into their own action plans as
well in the interest of achieving the joint goal (Schmitz et al., 2017). Forming motor
representations appears to be a key component of the action understanding and

planning process which can either help or hinder performance of a joint task.

1.2.2 Shared sensorimotor information

The formation of shared representations is facilitated by sharing sensorimotor
information via various sensorimotor processes, including joint attention, sen-
sorimotor communication, and prediction. Sharing sensorimotor information
gives co-actors insight into the environment they are acting in, as well as how
they intend to act within that environment. With this information, co-actors can

plan their actions accordingly and ultimately improve their coordination.

Attending to the context of another person’s actions, specifically the environ-
mental stimuli they are experiencing, is thought to be a fundamental mechanism
behind shared representations as it establishes a so-called “perceptual common
ground” between interaction partners (Clark, 1996). Individuals sharing percep-
tual knowledge creates a link in perceptual experiences, commonly referred to

as “joint attention” (Tomasello, 1995). Sebanz et al. (2006) note that establishing



a sense of joint attention helps initiate and maintain continuous coordination
of movements during joint actions. As described in the study by Schmitz et al.
(2017), joint attention is especially helpful for inferring others’ action goals and
performing joint actions successfully. Though the unobstructed participants in
the study could not see their partner’s movements, they were aware of the obsta-
cle obstructing their path and received auditory feedback of their partner’s target
landing. Having this sensory information allowed unobstructed participants to
adjust their movements accordingly in order to successfully achieve temporal
coordination (Schmitz et al., 2017). Interestingly, the unconstrained participants
adjusted their movements regardless of whether they could see their partner’s
movements or not, suggesting that they were representing their partner’s task
constraints as opposed to their movements (Schmitz et al., 2017). This further
supports the notion that establishing joint attention by sharing details about a
co-actor’s environment can be just as informative and beneficial for achieving a

joint goal as having information about a co-actor’s actions.

In real world joint action scenarios, some form of communication is typically
available and often required for actors to successfully coordinate their move-
ments. In addition to joint attention where the goal is to establish a shared
perspective, communication allows individuals to share updated information
about their actions in order to make them easier to understand and predict. When
communication is available, the perceptual common ground can be continuously
updated (Clark & Krych, 2004). Interaction partners often use learned conven-
tional forms of communication to share instructions, action goals, strategies,
and feedback. This could be in the form of verbal or non-verbal language, as well
as non-verbal expressions, gestures, and posture (Clark & Krych, 2004; Pezzulo et

al., 2019).

Actors may also communicate in a less conventional manner known as sensori-

motor communication (SMC). SMC leverages the shared sensorimotorinformation
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channel during an interaction to communicate information about an individual’s
actions including action plans, goals, or intentions (Pezzulo et al., 2019). Informa-
tion shared via SMC is communicated pragmatically; information is embedded
within the action itself. In this sense, actions serve a dual purpose; execution of
the desired action while also communicating the intention behind the action.
The way people move, such as adjusting their movement velocity or the force
they exert, is informative in its own right (Pezzulo et al., 2019). When moving an
object with another person, individuals can take advantage of the shared haptic
channel to inform their partner of the desired destination of the object, as well
as any obstacles encountered along the way that require the actors to change
their movement patterns (Pezzulo et al., 2019). In addition to communicating the
intention of a current action, agents can also communicate their intentions of
future action plans and the expectations of co-actors, such as when dividing the
roles of a joint task. In Kucukyilmaz et al. (2011) study, human participants collab-
oratively shared control over a task with a computer partner. While performing
the task, the human participants could communicate their desire or intention of
having more or less guidance from the robotic partner by applying less or more

force to the device, respectively.

Complementary to understanding an actor’s actions while observing them is pre-
dicting the outcome of such actions and what the actor will do next. Individuals
often use SMC in leader-follower dynamics to help guide interaction partners to
their next action. In a xylophone-playing task, people exaggerated their move-
ments when performing with and demonstrating a melody for a novice partner
(McEllin et al., 2018). They also adjusted their playing speed depending on whether
or not their partner knew the melody that was to be played. Leaders alter their
movements to make the intentions of their actions known and their future actions
easily predictable (McEllin et al., 2018; Sebanz et al., 2006). This relates back to

motor resonance and forming representations in anticipation of someone else’s



actions. When individuals divide components of a task amongst themselves,
they share knowledge of what the other person’s role entails. Exhibited in the
studies by Schmitz et al. (2017) and Ruys & Aarts (2010), knowing the conditions of
a partner’s task allows actors to better predict their partner’s action outcomes.
Individuals also estimate action outcomes through monitoring their own and
their partner’s performance in their respective tasks. This is demonstrated in a
study by van Schie et al. (2004) where actors represented their partner’s errors
as if they made the error themself (van Schie et al., 2004). When interaction
partners cannot attend to each other’s task stimuli or environment, or moni-
tor each other’s behaviour, task performance often suffers (Clark & Krych, 2004;
Skantze et al., 2014). Clark & Krych (2004) created joint action scenarios where
one partner directed the other in building Lego models. Builders were slower at
building the models when their directing partner could not see their workspace
and made more errors when the pair could not monitor each other’s voices, facial
expressions, gaze or posture. With limited sensorimotor information and feed-
back, participants were less efficient at completing the task. Skantze et al. (2014)
conducted a similar study where humans drew a route on a map by following a
robot’s verbal instructions. Participants performed the task slower and with more
misunderstandings when the robot gazed in a random direction or no gaze infor-
mation was available compared to when the robot looked at the landmarks it was
referring to. Again, monitoring an interaction partner’s behaviour was needed for
participants to efficiently complete the cooperative task. Though coordination is
still possible without information of a partner’s perceptual environment, having

such knowledge allows for optimal coordination between partners.

1.2.3 Interpersonal and intrapersonal coordination
People coordinate their movements both interpersonally (between multiple peo-
ple) and intrapersonally (between multiple effectors within the same individual,

such as multiple limbs). Consider team sports, like soccer. Interpersonal coordi-



nation is required for teammates to synchronize their movements with each other
as they progress up the field. At the same time, each person is using intraper-
sonal coordination to control the movement of their body and the ball. Referring
back to the glass clinking study by Kourtis et al. (2014), a third condition in their
experiment involved participants clinking two glasses together bimanually. They
observed similar ERP amplitudes in the bimanual condition to those observed in
the joint-unimanual condition, providing neurological evidence that the planning
and anticipation of bimanual actions resembles that of joint actions. This implies

that motor representations are similar for bimanual and joint actions.

Inter- and intrapersonal coordination share similar principles of spatiotemporal
organization (Schmidt & Richardson, 2008). Effective coordination between limbs
and between interacting partners requires temporal and spatial synchronization
and stability (Schmidt & Richardson, 2008). Haken, Kelso, and Bunz first proposed
the HKB model in 1985 (1985). This is a model of theoretical coordination dynamics
originally based on findings of various bimanual experiments which revealed that
self-organization is a key component of coordinated intrapersonal movements
(Haken et al., 1985). Schmidt & Richardson (2008) later observed self-organizing
coordination and dynamic stability in coordinated interpersonal actions as well.
Thus, the underlying motor processing of coordinated joint actions closely re-

sembles that of bimanual actions (Schmidt & Richardson, 2008).

Though inter- and intrapersonal coordination share similar fundamental motor
mechanisms, there are differences in the availability of information and influence
of external factors on the success of either type of coordinated movements. In
bimanual actions, neural crosstalk allows some of the force command for one
limb to be transmitted to the contralateral limb, despite the existence of sepa-
rate motor plans for each limb (Cattaert et al., 1999). Although individuals have
been observed to unintentionally synchronize their movements (entrainment)

during both intra- and interpersonal joint actions, intrapersonal coordinated
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actions are typically more accurate and spatially and temporally synchronized
than interpersonal actions (Schmidt & Richardson, 2008). Kovacs et al. (2020)
proposed that this could be due to a stabilizing effect facilitated by crosstalk,
creating an advantage for bimanual action over interpersonal joint action. Addi-
tionally, in scenarios where communication is limited and degrees of freedom
in action alternatives are high, bimanual actions pose an advantage of knowing
the intentions and action plans behind each effector’s movements. This brings
to light an additional disadvantage in coordinated interpersonal movements of

needing to predict a co-actor’s intentions.

1.3 Decisions to cooperate

In addition to understanding how joint actions occur, it is also important to
consider why individuals choose to work with one another and when. This may
seem obvious when considering scenarios of survival in which cooperation is
required for the task at hand, however, it becomes less clear as to what motivates
people to work with others when cooperationis not required oris even a hindrance
to achieving the end goal of a task. This section will discuss how individuals

evaluate action alternatives to decide on a course of action.

1.3.1 Instrumental cooperation

Researchers have traced joint actions back to the most basic survival behaviours
where animals have evolved to forage (C. W. Clark & Mangel, 1986), fight (Green
et al., 2022; Martinez-fiigo et al., 2021), and travel in groups (Berdahl et al., 2018;
Milner-Gulland et al., 2011). In such instances, it is advantageous and often nec-
essary to rely on the help of others in order to achieve outcomes that could not
otherwise be achieved alone. Humans and closely related primates innately coop-
erate for survival and when it is necessary for achieving a desired goal (Bullinger

et al., 2011; Sussman et al., 2005). However, many activities in life are done in a
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cooperative manner which are neither survival-based nor entirely necessary.

The voluntary nature of joint actions is two-fold; individuals have voluntary con-
trol over their actions and choose to perform such actions in a joint effort. It is
intuitive that individuals would choose to act together when the desired outcome
is not achievable alone. In scenarios where it is possible to achieve a desired
outcome alone, however, researchers posit that it makes sense for individuals to
choose joint actions when it is either less costly or more rewarding to the individ-
ual than performing the task alone (Curioni et al., 2022; Duguid et al., 2014). This
is the concept of maximizing utility, where utility is the perceived usefulness of a
behaviour according to a subjective evaluation of worth to the actor (Mosteller
& Nogee, 1951). When choosing between action alternatives, it is assumed that
actors perform some cost-benefit analysis using a subjective scale of values which
assesses the personal worth of different commodities in order to select the most
optimal behaviour (Mosteller & Nogee, 1951). Tversky (1967) suggests that the max-
imization principle and the decomposition hypothesis are fundamental aspects
of decision making. The maximization principle states that people choose be-
haviours that best align with their personal sense of worth or values (Katz & Kahn,
1978; Tversky, 1967). Complementary to this, the decomposition hypothesis states
that such personal value can be broken down into simple individual components
(Anderson, 2002; Tversky, 1967). In terms of the aforementioned cost-benefit
analysis, the potential costs and benefits associated with different actions are
the components which when considered together, determine the overall personal

value of behaviours.

The Naive Utility Calculus is a specific utility function which states that at the
very basic level, people assume that others make choices by maximizing rewards
and minimizing costs (Jara-Ettinger et al., 2016). The function equates the utility
of an action plan to the rewards of following the action plan minus the costs

of carrying out the action plan (Jara-Ettinger et al., 2016), closely resembling
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the simple economic profit formula: profit equals revenue minus expenses. The
calculus suggests that when given a choice, people assume that others will always
decide to optimize their utility (Jara-Ettinger et al., 2016). This is seen in humans
as young as 18 months of age who are able to recognize others’ subjective desires

and infer their preferences accordingly (Repacholi & Gopnik, 1997).

Unlike economic profit, the estimated utility of actions is subjective to the individ-
ual and dependent on a variety of factors (Carland et al., 2019). In addition to the
direct effort and payoff of the task at hand, individuals must also consider time
invested, probability of a successful outcome, and alternative behaviours when
choosing an action. All of these factors together contribute to what is known as a
reward rate (Carland et al., 2019). Reward rate can be mathematically explained
as the reward sensitivity of successful achievement of the desired outcome, mul-
tiplied by the risk sensitivity of the action being successful, minus the subjective
effort of executing the action, divided by all accounts of time involved in planning
and executing the action (Carland et al., 2019). When plotted, reward rate initially
increases with time while accuracy, and thus probability of reward, increases
with deliberation time. Carland et al. (2019) explain that as improvements in
accuracy begin to plateau, the investment of time is no longer as valuable and
thus the reward rate begins to decrease. Therefore, for any action, there will
always be a time where reward rate is maximal (Carland et al., 2019). Deciding
how much time is worth dedicating to an action aligns with Charnov’s Marginal
Value Theorem which describes animals’ commitment to a resource patch before
leaving for another (Carland et al., 2019; Charnov, 1976). Rather than exclusively
maximizing utility, it appears most optimal to prioritize maximal reward rate

when choosing actions, as reward rate accounts for time invested.

There is an interesting application of utility and reward rate in joint actions when
trying to rationalize peoples’ decisions to cooperate rather than act alone, as the

aforementioned factors must be considered from both an individual and joint
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perspective. Coordinating is also energetically costly in its own right (Diedrich-
sen et al,, 2010; Salimpour & Shadmehr, 2014), so the additional costs associated
with coordinating must be taken into account as well. In a study by Torok et al.
(2019), pairs completed a sequential object-transfer task which required pairs
of participants to choose between paths of varying lengths in order to collec-
tively move the object into the end target. The varied path lengths made for
varying degrees of effort for each participant within a pair. Path choices indicated
whether individuals prioritized their own efficiency, their partner’s efficiency,
or the overall group’s efficiency (coefficiency) while completing the task. They
found that individuals prioritized coefficiency over their own individual efficiency,
providing an interesting finding in regards to utility and reward rate. It can be
inferred that in this task scenario, completing the joint action goal efficiently was
of greater value or higher priority to the individual than the efficient completion

of their own portion of the task (Torok et al., 2019).

1.3.2 Unnecessary cooperation

Expanding on individuals’ motivations to cooperate, what separates humans
from other animals is their preference to cooperate even when it is not necessary.
This preference can be observed as early as three years of age and is especially
noteworthy as non-human primates, who also engage in cooperative activity, do
not show the same preference for unnecessary joint efforts (Rekers et al., 2011). In
addition to relatively neutral scenarios where there are no obvious differences in
instrumental costs or gains to acting together or alone, there is also the possibility
of a task being more costly to complete together than alone. Recently, Curioni
et al. (2022) investigated whether adults prefer to cooperate in a target tapping
task where it was not only unnecessary, but also instrumentally costly to act
with a partner rather than individually. They concluded that despite joint action
being the less effective, suboptimal strategy for achieving the task objective,

participants showed a preference for cooperation.

13



There are numerous potential explanations as to why people make such seemingly
suboptimal decisions, many of which relate back to the concept of maximizing
utility and reward rate. If the amount of effort or resources required to complete
a task is not overtly obvious, people may not perceive the coordination costs they
incur to be as detrimental as they truly are (Curioni et al., 2022; Jara-Ettinger
et al., 2016). Curioni et al. (2022) followed their initial experiment with a solo
control experiment where individuals performed the same target-tapping task,
but chose between completing the task unimanually or bimanually. As discussed
in the previous section, bimanual actions are representative of interpersonal
joint actions from a coordination and motor processing perspective (Kourtis et al.,
2014; Schmidt & Richardson, 2008). Where inter- and intrapersonal coordinated
actions differ is in the nature of the coordinated movements; joint actions are
social interactions while bimanual actions are not. In the solo experiment, the
bimanual condition was more instrumentally costly than the unimanual con-
dition, mirroring the instrumental costs of the together condition in the initial
experiment. Contrary to the initial experiment, however, individuals showed
a preference for unimanual actions, demonstrating that they did perceive the
joint condition as being more energetically costly. This suggests that some social

factors may have motivated people to cooperate with their partner.

There is currently minimal research investigating the social factors that motivate
individuals to interact with one another. Considering the details of the task setup
in Curioni et al’s experiment, some possible participant and task-related variables
may have influenced participants’ decisions to cooperate. Performing an action
with another person may simply be more enjoyable than acting alone (Andreoni
& Miller, 1993; Curioni et al., 2022; Fine & Corte, 2017). People may also feel a sense
of social pressure to include their partner in an activity when they are in the
same room, driven by empathy, a desire to maintain one’s reputation (Curioni

et al,, 2022; Nowak & Sigmund, 2005; Rumble et al., 2010; Wu et al., 2016), or a

14



sense of commitment (Michael et al., 2016b). Individuals may recognize the costly
nature of the task and choose to cooperate as a teaching opportunity (Jarrassé et
al., 2012). Finally, in a challenging or stress-inducing task, cooperation may be
stress-relieving, as suggested by reduced cortisol levels in primates who prefer

to cooperate with closely-related conspecifics (Stocker et al., 2020).

1.4 Role distribution in joint actions

To coordinate is to invest efforts in order to achieve shared goals (Van de Ven
et al., 1976). Coordination is the basis of all types of interactions. Joint actions
may look different depending on the nature of the interaction and how a task is
distributed amongst co-actors. The distribution of roles can influence and are
influenced by the individual abilities and limitations of actors, their commitment
to an activity, their expertise or experience with an activity, and the degree of

coordination required for successful completion of an activity.

Jarrassé et al. (2012) proposed a Motor Behaviour Interaction Taxonomy which
classifies interactions as either competition, collaboration, or cooperation based
on the effort and error each agent experiences. Within this taxonomy, each inter-
action behaviour type is first defined by the impact of the task on the interacting
agents. Antagonistic interactions are deemed competition while agonistic in-
teractions are further classified as either collaboration or cooperation. When
engaging in competition, agents are concerned with their own actions and efforts,
striving towards achieving individual subtask goals with no common task goal.
Individuals may even dedicate effort towards interfering with their opponent as
improvement in one agents’ performance can hinder the other’s. In agonistic
interactions, both agents’ efforts contribute to this same common task goal and
improvement in an individual’s subtask leads to improvement in the overall task
goal. The distinguishing factor separating collaboration from cooperation is the

assignment of partner roles. When individuals collaborate with one another, all
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agents begin working towards completing the task goal in a symmetric fashion
where the effort required for their subtasks is equal. Roles are not assigned prior
to beginning the activity but rather emerge spontaneously as the activity unfolds.
In contrast, cooperating agents work in uneven roles which are assigned prior to
beginning the task. In this sense, while all cooperating agents’ efforts contribute
to the task goal, their subtasks and the effort required to complete them are not

necessarily equal.

1.5 Partner choice in joint actions

When a person decides to perform a joint action, they often also need to decide
who they want to perform that joint action with. Various sociological factors
relating to personal identity may influence this decision, ranging from surface
level demographics such as sex (Balliet et al., 2011) and ethnicity (Chuah et al.,
2014) to more subjective physical features (Chen et al.,, 2012; Krumhuber et al.,
2007; Shang & Liu, 2022). Deeper sociological constructs including social status
(Boukarras et al., 2021; Levy et al., 2004; Perc & Szolnoki, 2008) and personal,
ethical, and spiritual beliefs or values (Chuah et al., 2014; Tomasello et al., 2009)
may also be factors in partner choice. People also consider the competence or
ability of potential coordination partners when deciding who to work with. This
may be determined by others’ confidence in the task (McEllin et al., 2022), their
skill level (Vaez-Alaei et al., 2022), or their experience with the task or related
activities (Vaez-Alaei et al., 2022). The relationship dynamic between partners
is another variable to consider, taking interaction history (Li et al., 2008; Rich &
Sidner, 1997), relatedness (West et al., 2002), and power dynamics (De Cremer &
Tyler, 2007; Grebelsky-Lichtman, 2014) into account.

Many of these traits rely on trust; trusting a partner to perform the task correctly,
with their best effort, and with a high degree of care and commitment to their

performance (Dirks, 1999; Macy & Skvoretz, 1998). Relating back to utility and
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reward rate, some of these factors may also influence the perceived rewards or
costs of performing an action with another person, dictating not only who people

choose to act with, but whether they choose to act with another person at all.

The research area of joint actions, specifically decision making in joint actions,
is incredibly interdisciplinary. Aspects of neuroscience help to explain the neu-
rological mechanisms of joint actions while foundational cognitive psychology
describes the sensorimotor processing that occurs. Evolutionary and develop-
mental research inform the early survival-related drives for animal interactions.
When combined with principles of economics, computational psychology, and the
biological physics that govern human movement, theoretical assumptions about
utility and human motivations to cooperate can be posed. Behavioural psychology
explains the various interaction dynamics and sociological factors that may play
arole in how individuals choose to complete joint tasks and who they complete
them with. Each discipline brings a necessary perspective, emphasizing the need
for a holistic research approach to appreciate the variability of joint actions and

all that contributes to their execution.

Though the strength of sociological motivating factors can be quite personal
to the individual, it is important to gain a better understanding of variables
that can influence the decision to cooperate, the manner in which someone
chooses to cooperate, and with whom someone chooses to cooperate. Such
factors are currently loosely incorporated in utility and reward rate models. It
would be interesting to further specify the influence of sociological variables
within these models in an effort to refine our current understanding of optimality
and determine the conditions and dynamics under which optimal joint actions

occur.
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Chapter 2

Introduction

From playing a musical duet, performing a complex surgery, or cheersing beers
at the pub, joint actions are fundamental to everyday human life. Joint actions
are social interactions where two or more individuals voluntarily coordinate their
movements in space and/or time to achieve a common goal (Sebanz et al., 2006).
Previous research has examined how individuals form representations of (Kourtis
et al., 2014; Schmitz et al., 2017) and monitor (Loehr et al., 2013) each other’s
actions, predict their partner’s performance (Wolf et al., 2018), perform joint
attention tasks (Constable et al., 2018; McPhee et al., 2016), and use movements to
communicate when verbal communication is not an option (Pezzulo et al., 2013;
Wozniak & Knoblich, 2022). Yet, we still have both a limited understanding of
and lack of theory on why individuals choose to engage, or not engage, in joint
actions. For instance, it is often obvious when a joint action is required, such as
when two small children must carry a big box of toys together. However, an adult
may choose to carry the same box alone or might ask a friend to help despite this
help not being necessary to successfully move the box. What motivations and

thought processes underlie such decisions in social contexts?
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When choosing between action alternatives, it has been suggested that individu-
als weigh the costs they will incur against the potential benefits they could receive
(Gallivan et al., 2018; Gordon et al., 2021; Kahneman & Tversky, 2012; Shadmehr et
al., 2016). Indeed, individuals tend to optimize their decisions by choosing actions
that maximize their rewards while minimizing their costs (e.g., Jara-Ettinger et
al., 2016; Todorov, 2004). This behavior is well captured in utility models such
as the Naive Utility Calculus (Jara-Ettinger et al., 2016, 2020) wherein the utility
(usefulness) of an action is equated to the rewards (direct payoff) of successfully
achieving the desired action outcome minus the costs incurred (resources used)
while acting. Importantly, these evaluations are subjective and susceptible to so-
cial influences (Mosteller & Nogee, 1951; Rangel et al., 2008). Instrumental rewards
related to the action outcome include the completion of the task itself, such as
the box of toys now being in the desired location, as well as additional rewards
the actor may earn for successfully completing the task, such as money or points.
Movement-related costs include energy expenditure and biomechanical factors
associated with performing the action (Cos et al., 2011, 2014; Moskowitz et al.,
2023; Shadmehr et al., 2016; Todorov, 2004). Interestingly, performing a joint
action is more costly—both cognitively and motorically—than performing the
same action alone as individuals must represent, predict, and/or monitor the
performance of their partner (Knoblich et al., 2011; Sebanz et al., 2006; Sebanz
& Knoblich, 2021). Such coordinated actions therefore create opportunities for
spatial and temporal errors between co-actors that do not occur when acting
alone; thus, increasing the overall cost function of joint action. An open question
is how individuals decide to engage or not engage in a joint action, and whether

this decision is based on principles of optimization and utility.

Curioni et al. (2022) recently explored this question in a series of experiments
using a virtual “box clearing” task where it was instrumentally more costly to

perform the task with a partner compared to alone. When the task was performed
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alone, an individual would clear boxes as quickly as possible by tapping them and
could clear the boxes in any order. When the task was performed together, the
total number of boxes was divided evenly between participants and arranged iden-
tically. Without communicating or looking at the other person’s workspace, the
partners had to clear boxes as quickly as possible by tapping the same box within a
pre-specified synchrony threshold." Despite joint action being the suboptimal way
to complete the task, on the trials where the participant in the Decision-maker
role could choose to complete the task alone or together, participants showed
a consistent preference for cooperation across experiments. Interestingly, in
control experiments where individuals chose between completing the same “box
clearing” task either unimanually or bimanually, individuals preferred to com-
plete the task unimanually. That is, participants chose the less costly and more
optimal way to perform the task under these conditions. As bimanual actions
are thought to be representative of interpersonal actions from a coordination
perspective (e.g., Kourtis et al.,, 2014; Schmidt & Richardson, 2008), the data from
Curioni and colleagues (2022) strongly suggest that social factors inherent to
joint actions, such as a higher intrinsic reward value assigned to cooperation,
may bias the computation of the utility of performing a task with another person.
In the joint action version of the task, the two participants were always positioned
beside each other (shoulder-to-shoulder) and performed the task on the same
touchscreen device (46 in), but within their respective workspaces that were cre-
ated by dividing the touchscreen in two equal halves. This physical proximity of
the participants may have created a social pressure for the Decision-maker to
engage in joint action, possibly through a sense of commitment (e.g., Michael et
al., 2016b, 2016a) and/or from a need to manage one’s reputation (e.g., Nowak &

Sigmund, 2005).

TIn Experiments 1and 2, the pre-specified time window was 200 ms. In Experiment 3 it was 250 ms
and in Experiments 4 and 5 it could be either 120 or 60 ms.
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Here, we assessed the replicability of Curioni and colleagues’ (2022) finding that
humans have a preference to perform a task cooperatively, rather than alone,
despite the higher costs of coordinating with a partner. Our experiment was
modelled after Experiment 1 of Curioni et al. (2022) and we extend their work in two
important ways. First, we used a different task setup that naturally increased the
distance between participants as each participant performed the task on separate
devices. Second, we queried the participants that were randomly assigned to
the Decision-maker role about their thought processes on the trials where they
decided to perform the task alone or together with their partner. Based on Curioni
et al. (2022), we predicted that participants would show a significant preference
for performing the task with their partner compared to chance level (50%). We
also predicted that on no-choice trials participants would complete the task faster
alone than with a partner and that the time required to complete the task would

increase with the number of boxes to clear.
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Chapter 3

Methods

We report how we determined our sample size, all data exclusions (if any), all
manipulations, and all measures in the study (Simmons et al., 2012). Data and
code are available at https://github.com/cartermaclab/expt_solo-vs-joint-action

and the preregistration can be accessed at https://doi.org/10.17605/0SF.I0/EVDP5.

3.1 Participants

A sample of 100 undergraduate and graduate students at McMaster University (50
human pairs, M,e. = 18.51 years, SD = 2.01) participated in the experiment. Sample
size was determined a priori as 2.5 times the original sample size in Curioni et
al. (2022) based on the recommendations of Simonsohn (2015). All participants
self-reported that they were free of sensorimotor impairments and had normal or
corrected-to-normal vision. Participants were compensated with $5 CAD or with
course-credit for their time. All participants provided written informed consent

and the experiment was approved by the McMaster Research Ethics Board.
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3.2 Task and apparatus

Participants performed a virtual box clearing task similar to that used in Curioni
et al. (2022). In their version, participants cleared boxes by tapping a box with
their finger in any order they preferred. In our version, participants cleared boxes
by “hitting” a box with their virtual cursor in any order they preferred. Our task
was performed using two Kinarm End-Point Labs (Kinarm; Kingston, ON, Canada)
that are able to interact with each other in real-time. Each participant of a human
pair was seated in an adjustable chair in front of either the left or right End-Point
Lab at a height such that their forehead could rest comfortably on the system’s
padded headrest. This experimental setup naturally positioned the participants
out of sight from one another and at a distance of 3.05 m. Each participant grasped
the handle of the robotic manipulandum using their preferred hand and made
reaching movements in the horizontal plane. A semi-silvered mirror blocked the
vision of the upper limb and displayed virtual images from an LCD monitor. On the
virtual display, participants saw their respective workspace, a cursor representing
their unseen hand, and virtual boxes (i.e., targets) in a grid arrangement. Hand

position was recorded at 1000 Hz and stored for offline data analysis.

3.3 Procedure

Participant pairs entered the lab and were directed to sit at a desk across from one
another to receive verbal and written instructions about the experiment. Within
each pair, one participant performed the task in the role of the “Decision-maker”
and the other in the role of the “Helper”. These roles were assigned randomly
and the Kinarm End-Point Lab (left or right) occupied by the Decision-maker was
counterbalanced across participants. Consistent with Curioni et al. (2022), we had
no hypotheses about the effects of sex and/or gender so pairs were created without

controlling for these factors. Participants were instructed that the task goal was
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for the Decision-maker to collect as many points as possible by clearing boxes
from their workspace (1 point per box) within 30 mins. It was made clear that
points were not earned for any boxes cleared by the Helper on their respective
workspace. However, participants unknowingly completed a fixed number of
trials, which required less time to complete than this time limit. Participants were

also not permitted to communicate with one another throughout the experiment.

In 50% of'trials, the Decision-maker was given the choice to perform the task alone
or with the Helper (choice trials). In the remaining 50% of trials, the Decision-
maker was forced to do the task alone (no-choice alone; 25% of trials) or together
(no-choice together; 25% of trials). The fixed number of no-choice alone and
no-choice together trials were included to ensure that each pair of participants
experienced the same minimum number of trials in each task mode, irrespective
of the Decision-maker’s decisions in the choice trials. Within each task mode (i.e.,
no-choice alone, no-choice together, and choice), we manipulated the number of
boxes that were displayed with either four, eight, or 12 boxes. All trial conditions
were fully randomized and each number of boxes appeared an equal number of

times. All pairs experienced the same randomized order of trial conditions.

The experiment began with four familiarization trials (two no-choice alone and
two no-choice together), followed by 180 experimental trials consisting of 90
choice, 45no-choice alone, and 45 no-choice togetherin arandom order. Each trial
began with a preview of the box configuration for the upcoming trial displayed to
the Decision-maker (Figure 3.1A). Boxes were gray during the preview. Participants
then moved their virtual cursor into the home position. After holding this position
for 500 ms, two rectangles appeared at the bottom of the display on opposite
sides of the home position. In the choice task mode, the word ALONE appeared in
one rectangle and TOGETHER in the other. The Decision-maker would move their
cursor into one of the two rectangles to select the task mode they wanted for the

upcoming trial. In the no-choice task mode, when the two rectangles appeared
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only one contained text to indicate the task mode for the upcoming trial. The
Decision-maker would then move their virtual cursor into this rectangle. The
rectangle that the ALONE and TOGETHER text appeared in was counterbalanced
across pairs. Once the Decision-maker moved their cursor into the selected
(choice task mode) or the imposed (no-choice task mode) rectangle, the boxes
changed from gray to orange, signifying the start of that trial. The trial ended once
the last box was cleared or after 100 s elapsed. On alone trials, boxes appeared
only in the Decision-maker’s workspace and thus, could only be cleared by the
Decision-maker. On together trials, the boxes were evenly distributed across each
participant’s workspace and appeared in the same arrangement (Figure 3.1B).
On these trials, both participants had to “hit” boxes in the same grid location
with their cursors, within a pre-specified time window of <200 ms. If they “hit”
different boxes or did not “hit” the same box within the synchrony threshold, the
box remained on the screen until synchronously hit. Participants had no feedback
of each other’s movements and were not permitted to communicate with each
other. One point was awarded for every box cleared from the Decision-maker’s
workspace. A box above the participant’s workspace showed the cumulative
number of points earned and was updated at the end of each trial. This design
ensured that performing the task together was not only suboptimal in terms
of maximizing reward (i.e., points per trial), but also increased movement costs
associated with coordinating their actions (i.e., same box in < 200 ms) with their

partner (Figure 3.1C).
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Figure 3.1

Overview of experimental design and task.
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Note. Human pairs performed a virtual “box-clearing” task in either the Decision-maker role or
the Helper role. At the start of each trial, only the Decision-maker was shown a preview of the
target box arrangement for the upcoming trial and two task mode selection boxes (A). In the
no-choice trials, the Decision-maker was instructed to select the active task mode selection
box (i.e., only one contained text) by moving their cursor into the box. In the choice trials, both
task mode selection boxes were active and the Decision-maker was instructed to choose one
of the two task modes. Once a task mode was selected, the selection boxes disappeared and
the target boxes changed colour from gray to orange (B). This change in colours served as
the GO-signal for participants. In alone trials, all boxes shown in the preview remained in the
Decision-maker’s workspace while the Helper saw an empty workspace. In together trials, the
boxes were evenly distributed across each participant’'s workspace and appeared in the same
arrangement. Trials ended once all boxes were cleared or timed out after 100 s. Points (1 per
box) were only earned for boxes cleared by the Decision-maker. The utility of performing this
task alone versus together (C) can be estimated as follows. U is the overall estimated utility
of each task mode. Routcome 1S the expected instrumental reward (i.e., points) of the outcome
of an action and Cgction iS the expected instrumental cost of performing an action. As joint
actions have additional coodination demands, the utility estimation of acting together includes
additional parameters. Reoordination 1S the additional expected non-instrumental rewards that
may result from acting together and C.oordination 1S the additional expected coordination costs
of acting together.
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After participants completed all experimental trials, the Decision-makers were
asked a series of open-ended questions regarding their decision-making pro-
cesses. The Decision-makers answered these questions by typing their responses
in a survey form on a laptop that were saved for later analysis. Participants were
asked to answer the following questions: a) “When given the choice to do the
task alone or together with the Helper, why did you choose to complete the task
alone?” b) “When given the choice to do the task alone or together with the Helper,
when did you choose to complete the task alone?”, ¢) “When given the choice to
do the task alone or together with the Helper, why did you choose to complete the
task together?”, d) “When given the choice to do the task alone or together with
the Helper, when did you choose to complete the task together?”, and e) “Is there
anything else you would like to tell us about how you completed the task?”. No
follow-up questions were asked regarding participants’ responses. Participants

required approximately five minutes to complete this part of the experiment.

3.4 Data analysis

3.4.1 Quantitative analysis

Our primary outcome variable was the proportion of trials in the choice task
mode where the Decision-makers selected to perform the task with the Helper
(i.e., to perform a joint rather than solo action). Our second outcome variable was
trial completion time for no-choice trials, which was the interval of time between
the boxes turning orange and the last box being cleared. Alpha was set to .05
for all statistical tests, which are described below. Corrected degrees of freedom
using the Greenhouse-Geisser method are always reported when appropriate.
Generalized eta squared (nZ) is reported as an effect size for all omnibus tests.
Post-hoc comparisons were performed using the Holm-Bonferroni approach to
adjust for multiple comparisons. Statistical analyses were conducted using R

(Version 4.4.1; R Core Team, 2021).
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3.4.2 Qualitative analysis

An inductive thematic content analysis (Braun & Clarke, 2006) was conducted to
identify, analyze, and report themes within the open-ended questionnaire data.
The analysis was conducted in a stepwise process. First, the primary coder (M.L.)
read through all participants’ responses to the open-ended questions and made
initial notes of the content of the data. This allowed the coder to become familiar
with the data, specifically the depth and breadth of the responses. Next, the coder
systematically worked through the entire data set, identifying segments of re-
sponses (i.e., sentences, phrases, or individual words) that shared similar ideas or
topics. While identifying such segments, the coder generated labels (initial codes)
for each common idea or topic. The coder then generated various levels of themes
by considering how different codes could be combined to support overarching
themes. The coder first consolidated the initial codes into initial themes. These
initial themes were further combined to form intermediate themes. Finally, the
intermediate themes were once more grouped into a final set of higher order
themes. The operational definition, an example of a participant’s response, and

the number of responses for each higher order theme can be found in Table 3.1.

To ensure the validity of the identified themes and a reliable portrayal of the data
by the primary coder, intercoder reliability was measured during the thematic
analysis process following the guidelines of O’Connor & Joffe (2020). This process
involved comparing the agreement of coding between two coders. After grouping
the initial codes into five final themes, the primary coder provided a comparison
coder (JT.) with a random selection of 50% of the codes, as well as a list of the five
final themes and the respective operational definitions. The comparison coder
was instructed to sort each code into one of the five themes to the best of their
knowledge using the theme names and definitions. A comparison analysis was
performed to determine intercoder reliability between coders, which resulted in a

Cohen’s x of .88. This value is larger than the recommended minimum value of .80
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(Hruschka et al., 2004), suggesting strong intercoder reliability and confirming

that the primary coder reliably represented the data within the five final themes.
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Table 3.1
The five final themes from the thematic analysis, as well as their operational definitions, intermediate and initial themes if

applicable, and an example of a participant’s response.

o€

Final theme Definition Intermediate Initial Example
theme theme
Chose action with Made decisions with the ~ Reduced Maximized "I decided to do all the
greater instrumental intention of reducing the instrumental speed optional tasks alone
utility time or energy needed to  costs because [ knew it would be
complete the task, and/or faster..." (Participant 212)
increasing the amount of
points that could be
earned.
Minimized "I attempted to complete
move- the task in the most
ment effective and quickest

way, moving the handle
with the shortest distance

possible." (Participant 111)



LE

Reduced

cognitive costs

Minimized
decisions

required

Minimized
difficult
coordina-

tion

"I chose to do the task
alone when there were
many boxes that were far
away from each other as|1
knew it would be difficult
to choose the same boxes
as the helper."
(Participant 101)

"[T chose alone] because it
was more reliable and
gave more points, it
eliminated the variable of
having to depend on
another person’s timing
and thinking."
(Participant 107)



4

Minimized task

constraints

Maximized
instrumental

rewards

Completed
the task in
the
"easiest

"

way

Considered
the spatial
arrange-
ment of

the boxes

NA

"It was easier to complete
the task alone"

(Participant 404)

"[I chose together] when
there was not as high of a
concentration of squares,
but also when they were in
close proximity with each
other." (Participant 203)
"I chose to complete the
task alone when I realized
that the number of points
[ got from working
together was not as much
as working alone."

(Participant 412)



Chose actions with Made decisions that were Maximized NA
greater social value  motivated by enhancing  intrinsic
their own and/or their rewards

partner’s experience

Prosocial Empathy

€e

behaviour

"I found it more fun and
interesting when [ had to
complete the task
together because you can
see how similarly or
differently you and your
partner think and what
each person’s first instinct
is." (Participant 312)

"[I chose together]
because I felt bad for my
partner if he was left with
nothing to do"
(Participant 102)



142

Flexibility in decision Open to changing their

strategy

decisions throughout the

experiment

NA

Fairness

NA

"I chose to do the task
together when I had done
a few trials alone. I
thought that my partner
would be upset ifI1did a
bunch of the trials on my
own just to achieve more
points, so I would
sometimes choose to do
them with her to make it
more fair." (Participant

410)

"There were some
instances where I felt me
and the helper changed
the way we were slicing
the squares to try to
imitate each other..."

(Participant 211)



GE

Planned movement

path

Made reliable

decisions

Discussed their own NA NA
individual directional

patterns they typically

moved in and/or the order

they planned to clear

boxes in

Made decisions knowing  NA NA
they could perform the
task consistently well in

that task mode

"I noticed I tended to hit
the boxes in a circular
motion starting from the
one closest to me, moving
outwards, then returning
to the starting area."
(Participant 309)

"[T chose alone] because it
was more reliable and
gave more points, it
eliminated the variable of
having to depend on
another person’s timing
and thinking."
(Participant 107)




Chapter 4

Results

4.1 Quantitative analyses

Participants showed a slight preference of acting alone (M = 0.56, SD = 0.23)
compared to joint action (Figure 4.1A). A two-tailed Wilcoxon signed-rank test
comparing the mean proportion of alone choices against a 50% chance level was
not significant, V =799.5, p = 112, r = -.225 [-.417, -.036]. This suggests that although
participants chose to perform the task alone more frequently than together, their

choices were no different than choosing at random.

We performed an exploratory analysis on the proportion of together choices for
each box number condition using a one-way repeated measures ANOVA. Partici-
pants chose to perform the task together more often when there were fewer boxes
to clear, F(2, 98) = 16.425, p < .001, nZ = .057 (Figure 4.1B). The mean proportion of
together choices was greater for 4 boxes than all other numbers of boxes (p’s <

.002), and for 8 boxes than 12 boxes (p < .03).
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Figure 4.1

Mean proportion of together choices on choice trials.
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Note. Trial-by-trial changes in the mean proportion of together choices across participants (A).
There is a more fluctuation during the early trials compared to the later trials. The horizontal
dashed line represents the mean collapsed across trials. Boxplots of the proportion of together
choices as a function of the number of boxes on choice trials (B). Boxplots represent 25th,
50th, and 75th percentiles, and the mean for each condition is also shown. Grey lines connect
individual participants’ mean proportion of together choices for each box number condition.

37



We analyzed mean trial time using a 2 Task Mode (Alone, Together) x 3 Number of
Boxes (4, 8, 12) repeated measures ANOVA. Participants were faster at performing
the task alone (M = 2.55s, SD = 0.52) compared to together (M = 4.82 s, SD = 1.95),
which was supported by a significant main effect of Task Mode, F(1, 49) = 74.332,
p <.001, n% = .323 (Figure 4.2A). Additionally, participants performed the task
faster when there were fewer boxes to clear, F(2, 98) = 266.514, p < .001, ¢, = .422
(Figure 4.2B). Participants were significantly faster at clearing 4 boxes than all
other numbers of boxes (p’s <.001), and 8 boxes than 12 boxes (p < .001). There
was also a significant Task Mode x Number of Boxes interaction, F(2, 98) = 56.570,
p <.001, n = .130, where participants were significantly faster at performing the
task alone than together with all numbers of boxes (p’s <.001), with 4 boxes than
all other numbers of boxes in both task modes (p’s <.001), and with 8 boxes than

12 boxes in both task modes (p’s < .001).
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Figure 4.2

Time required to clear all boxes on no-choice trials.
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Note. Boxplots of trial time (s), which was the interval of time between the boxes turning
orange and the last box being cleared, for no-choice trials as a function of task mode (A) and
number of boxes (B). Participants were much faster when acting alone compared to together
and trial time increased as the number of boxes increased. Boxplots represent 25th, 50th, and
75th percentiles, and the mean for each condition is also shown. Grey lines connect individual
participants’ mean trial time for task modes and number of boxes.
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4.2 Qualitative analyses

Five final themes were identified (Figure 4.3), which represented participants’
reasoning behind their decisions: a) chose actions with greater instrumental
utility, b) chose actions with greater social value, c) made reliable decisions, d)
flexibility in decision strategy, and e) planned movement path. The dominant
reasoning was “chose actions with greater instrumental utility” (n = 258), followed
by “chose actions with greater social value” (n = 65). The other three themes
prevailed to similar extents, with the least supported theme being “made reliable

decisions” (n = 3).

The two most prominent themes were each composed of several intermediate
and initial themes. Within the first theme, “chose actions with greater instru-
mental utility”, participants expressed desires to: (a) reduce instrumental costs,
(b) reduce cognitive costs, (c) minimize task constraints, and (d) maximize instru-
mental rewards. Reducing instrumental costs included ideas of maximizing speed
and minimizing movement, while efforts to reduce cognitive costs included min-
imizing the amount of decisions required and minimizing difficult coordination.
Participants minimized task constraints by completing the task in the “easiest”
way, and considering the spatial arrangement of the boxes, looking to prioritize
efficiency and complete the task with ease. These intermediate themes reflect
the separate cost and reward components of instrumental utility, and highlight
the complexity of the costs associated with action alternatives. Within the second
theme, “chose actions with greater social value”, participants reported making
efforts to: (a) maximize intrinsic rewards and (b) engage in prosocial behaviour.
Prosocial behaviours included acts of empathy and fairness, taking the Helper’s
feelings or perspectives into account, and choosing the task condition with the

intention of being inclusive to their partner.
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Figure 4.3
Frequency of the global themes derived from participant’s responses through thematic

analysis.

Frequency of final themes across all questions
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Note. Waffle plot showing the distribution of the five final themes across response to all five
open-ended questions. Each square represents a code (single unit of information) aligning with
one of the five final themes. The dominant theme was “chose actions with greater instrumental
utility” (red, n = 258), followed by “chose actions with greater social value” (blue, n = 65). The
remaining themes of “flexibility in decision making” (orange, n = 9), “planned movement path”
(purple, n =7), and "made reliable decisions” (teal, n = 3) were far less common.
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Chapter 5

Discussion

Our main finding was that participants showed a modest preference for solo action
over joint action, which is opposite to what Curioni et al. (2022) found. Although
this preference for solo action was not significantly different from chance levels,
we did find that these preferences varied considerably at the individual level
(range: 0.033%-100%). This was also evident from the participants’ responses on
the open-ended questionnaire. Interestingly, the slight preference we found for
solo action over joint action is less than what would be expected based solely on
principles of utility and optimization (Jara-Ettinger et al., 2016, 2020; Shadmehr
et al.,, 2016; Todorov, 2004). Thus, in line with Curioni et al. (2022), our findings
suggest that humans may assign additional reward value to performing actions

with another person.

Our failure to replicate a preference for joint action even when it is more costly
was surprising given the robustness of this effect across multiple experiments
in Curioni et al. (2022). Importantly, this difference cannot be attributed to a
failure on our part of not implementing a version of the box-clearing task wherein

performing the task together was both more costly and suboptimal. That is, less
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points could only ever be earned on together trials and all Decision-makers were,
on average, significantly slower when performing the task together compared to
alone (see Figure 4.2A). In contrast, there was a small subset of participants in
Experiment 1 of Curioni et al. (2022) that were actually faster, on average, when
performing the task with their Helper compared to alone. One possibility is that
it is this subset of participants that drove the effect as these participants were
able to reduce their coordination costs and clear boxes more efficiently through
joint action. Based on the data from Experiment 4 of Curioni et al. (2022), we
think this is an unlikely explanation as the strong preference for joint action was
found; yet, similar to our data all Decision-makers, on average, were slower at
clearing boxes with their partner compared to alone. We, instead, attribute our
conflicting results to the differences in the physical proximity of participants
between studies. When human pairs act on the same device beside one another,
as in Curioni et al. (2022), it is very likely that the Decision-makers experienced
increased pressure to cooperate, presumably through a desire to manage one’s
reputation (Nowak & Sigmund, 2005; Wu et al., 2016) or a heightened sense of
commitment (Michael et al., 2016b; Michael, 2022). Merely positioning participant
pairs on separate devices and at a distance of approximately 3 m from each other
flipped the effect to a small preference for solo action (56% in our experiment
versus the 76% preference for joint action in Curioni et al. (2022)). Nevertheless,
participants in our experiment self-reported empathy (e.g., Rumble et al., 2010)
and fairness (e.g., Szekely & Michael, 2023) as reasons for choosing to perform the
task with the Helper, suggesting that social pressures to cooperate may have still
been at play with our setup, but to a lesser extent. Further research is needed to
better understand the influence of these social factors on the decision to engage,
or not engage, in joint action, such as having participants in separate rooms akin
to playing a game online or having participants perform the task in both the

Decision-maker and Helper roles.
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Although the mean proportion of choosing solo trials across participants was not
significantly different from chance, there was considerable variability between
participants. In fact, a subset of participants always chose to perform the task
alone whereas one participant chose to perform the task together on nearly every
opportunity (see Figure 4.1B). We suggest that participants’ choices were in fact not
random and instead reflect rather highly individualized preferences. In support
of this, our thematic analysis revealed that no participant described making
exclusively random or unrationalized decisions—each participant self-reported
atleast one deliberate reason within their responses. Thus, if some kind of generic
additional reward value is assigned to performing a task with another person,
it may largely depend on the individual and/or socio-cultural and psychological
variables not explored in the current experiment. Motivation measures, such
as the Balanced Inventory of Desirable Responding (Paulhus, 1998) or the Ring
Measure of Social Values Liebrand & McClintock (1988)], as well as personality
inventories and other validated scales that assess individual differences, could
be implemented in future research to better understand the intersectionality of

these factors (Appelt et al., 2011).

The most prominent higher order theme identified through our thematic analysis
was “chose actions with greater instrumental utility”. The sub themes within this
category revealed that the Decision-makers were mindful of the task goal (i.e.,
earn as many points as possible) and often aimed to maximize the utility of their
actions when making their decisions. Participants frequently reported wanting
to complete the task in the fastest way (overwhelmingly perceived to be the alone
condition) or choosing the task condition they thought would require the least
amount of movement. This behaviour aligns with the Naive Utility Calculus (Jara-
Ettinger et al., 2016, 2020); however, if these participants exclusively considered
the instrumental factors of the action alternatives (e.g., points earned, time spent,

actions required, etc), we would expect to see a much greater proportion of alone
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trials than we observed in the choice trials. Many participants also described
choosing to work together when there were fewer boxes to clear as they perceived
the task to be easier compared to when there were more boxes. With more boxes,
participants described it would not only be difficult to select the same box as the
Helper, but also coordinate their movements more times. In line with this, we did
find that participants made significantly less together choices as the number of
boxes to clear increased. Being able to predict an interaction partner’s behaviour
is an important mechanism for successful coordination (Sebanz et al., 20086).
Although the identical arrangement of boxes in each workspace would allow
partners to share representations of the task, the unspecified order that the
boxes could be cleared made it difficult for participants to predict each other’s
movement path. Future work should focus on the relationship between individual

costs and joint costs during joint action.

Despite the abundance of utility-centered participant responses in our thematic
analysis, our data, together with that of Curioni and colleagues (2022), strongly
suggest that other factors currently unaccounted for in the utility calculus may
outweigh instrumental factors and motivate individuals to engage in costly joint
action even when it is unnecessary. This could be represented by a cooperation re-
ward variable in the calculus (Curioni et al., 2022); an idea that is supported by our
second prominent theme of “chose actions with greater social value”. For exam-
ple, participants described working together as being intrinsically rewarding and
that they felt motivated by the enjoyment and enrichment they experienced from
the added challenge of coordinating. Others acknowledged the prosocial benefits
(Eisenberg et al., 2015) associated with choosing to perform the task together
with their partner (e.g., Michael et al., 2020; Obhi & Sebanz, 2011; van der Wel et
al., 2021). These individuals empathized with the Helper, choosing together when
they felt bad that their partner was left doing nothing or had not participated in

a while. This resulted in some participants balancing the distribution of alone
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and together trials throughout the experiment as a way to be fair towards their
partner. Interestingly, these participants did acknowledge that they incurred
additional costs and reduced (instrumental) benefits by working together; there-
fore, the value derived from making the task more fair was oftentimes strong

enough to offset the weight of the instrumental factors in the task.
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Chapter 6

Conclusion

A possible limitation of our experiment is our use of a convenience sample of
undergraduate students; thus, some participant pairs may have already been
familiar with one another compared to others, or complete strangers. Individuals
may be more inclined to interact with people they know or have previously had
positive experiences working with (Hinds et al., 2000; Zander & Havelin, 1960),
as a means to increase the predictability of others’ actions. Similarly, partners
briefly interacted with one another upon entering the lab and sat across from one
another while receiving experimental instructions. These brief social interac-
tions, such as greeting (Sandstrom, 2023) and making eye contact (Wesselmann
et al,, 2012) could have elicited feelings of social connectedness. While it may
be beneficial in future research to control these factors, we argue that it was
more ecologically valid to allow these brief moments of interaction to occur at
the start of the experiment. Similar to Curioni et al. (2022), our participant pairs
were created randomly without controlling for sex, gender, age, or ethnicity.
Demographics and identification with co-actors have been shown to impact de-
cisions to cooperate (Chen et al., 2012; e.g., Chuah et al., 2014; Krumhuber et al.,
2007; Levy et al., 2004), ability to coordinate (Boukarras et al., 2021), and partner
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choice in interactive tasks (Chuah et al., 2014; Krumhuber et al., 2007). Exploring
the influence of these factors in future research may have important practical

implications, especially in workplace settings.

In conclusion, we did not find a strong preference for costly cooperative action
like that observed by Curioni et al. (2022). Instead, we found a slight preference
for choosing individual action, but this was much lower than would be expected
if these choices were solely guided by principles of optimization and utility. Our
quantitative and qualitative data add further support to the idea that additional
rewards are derived from the social nature of joint action (e.g., Curioni et al., 2022)

and that these preferences are highly individualized.
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