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Abstract: Team performance can be considered a macro-level outcome that depends on three sets of micro-
level factors: individual workers contributing to the task, team composition, and task characteristics. For a
number of reasons, the complexdynamicsbetween individuals in the task allocationprocess aredi�icult to sys-
tematically explore in traditional experimental settings: the motivational dynamics, the complex dynamics of
task allocation processes, and the lack of experimental control over team composition imply an ABM-approach
being more feasible. For this reason, we propose an updated version of the WORKMATE model that has been
developed to explore the dynamics of team performance. In doing so, we added Deci and Ryan’s SDT theory,
stating that people are motivated by three psychological needs, competence, autonomy, and belonging. This
paper is aimed at explaining the architecture of the model, and some first simulation runs as proof of concept.
The experimental results show that: 1) an appropriate motivation threshold will help the team have the lowest
performance time. 2) the time needed for the task allocation process is related to the importance of di�erent
motivations. 3) highly satisfied teams are more likely composed of members valuing autonomy.

Keywords: Individual Needs, Motivation, Group Performance, Self-Organisation, Task Allocation, Agent-Based
Modelling

Introduction

1.1 Within the area of organisational psychology, a fundamental question is how individual behaviourmutually re-
lates to group and organisational outcomes. When focusing on this question, based on Aristotle’s notion that
the whole is greater than the sum of the parts, we might conclude that group outcomes are a function of both
individual actions and social interaction (Furnham 2012; Kozlowski 2018; Kozlowski & Bell 2012; Cherrington
1989). Whilst the relationship between individual, group, and organisational level has been a subject of vari-
ous studies (Kozlowski & Klein 2000; Ployhart & Moliterno 2011), the underlying dynamical processes in teams,
remain less accessible for both experimental and field research.

1.2 Themainstreamapproach,whichdealswith this kindofmulti-level problem inahighly advanced statisticalway
(Hülsheger et al. 2009; Dong et al. 2017; Gong et al. 2013) contributed largely to the individual factors a�ecting
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groupperformance, however, because of its statistical nature, it cannot capture the dynamics that emerge from
the interaction processes between individuals. These emergent phenomena are typical to be explored using
Agent-BasedModelling (ABM) (Wanget al. 2018;Helbing2012; Zoethout et al. 2010). ABM is specifically equipped
to study processes among interrelated agents, yet o�ering a potentially fruitful approach to understand the un-
derlying dynamics of social behaviour as related to group performance. However, although the ABM-approach
brought up some psychologically plausible models for team processes and performance (Rendón Rozo et al.
2019; Wang et al. 2017; Zoethout et al. 2008), a simulation model that describes the social dynamics of specific
motivational components a�ecting the task allocation process has not been developed yet.

1.3 In studying the group dynamics in work teams, we develop a model that formalises psychological theory into
an ABM creating a framework to study the social dynamics that pertain to themutual relations between the in-
dividual and group level of teamperformance. This framework is basedon theWORKMATE-approach (Zoethout
et al. 2006), which o�ers a plain, yet psychologically plausible example of amulti-agent simulationmodel. This
model has been used to describe themutual relationship between individual and group behaviour by focusing
on self-organising processes of task allocation. Although the WORKMATE approach focused on motivational
dynamics as well, it made no distinction in various types of motivation a�ecting the group outcome. For this
reason, to this WORKMATE framework, a formalisation of Deci & Ryan’s self-determination theory (SDT) (Ryan
& Deci 2017; Gagné & Deci 2005; Ryan & Deci 2000) has been added. The SDT describes three basic human
drives: the need for competence, autonomy, and belonging. By implementing the SDT theory intoWORKMATE,
a framework is created for studying the intertwined relation between individual needs and group performance.

1.4 One of the key questions is how the three individual motivations of autonomy, competence, and belonging
contribute to team performance. The application of SDT theory to an ABM architecture gives rise to compli-
cated theoretical andmodelling issues. Such as, ABM provides a tool to exploremicro-macro relations in social
systems (Jager 2017), while it is also accompanied by the challenge of how to reasonably use theoretical as-
sumptions to form the rules of agent behaviour. Individual di�erences and distribution of the three needs have
an impact on the collaboration between teammembers, which will a�ect productivity. Autonomy and related-
ness are a�ected by prior experiences concerning the interaction with other team members, and an improve-
ment in a specific need does not automatically increase productivity. To integrate psychological theories in an
agent-basedmodel, it is essential to figure out those complex relationships mentioned above. In the following
theoretical part, we will elaborate more on the complexity of these relationships.

1.5 This research is applying SDT theory into an ABM to identify the influence of individual needs on the group
dynamics of team performance. Through ABM techniques and methods, we model the psychological and be-
havioural activities of the teammembers as agents. This allows for establishing an artificial team to study how
the three types of motivation interact with group dynamics through controlled and repeatable experiments. In
thisway, wewant to contribute to the identification of the dynamical processes in teams a�ecting how success-
ful they are in completing projects.

1.6 To elaborate on the research question, this paper follows the consecutive structure. First, we describe the the-
oretical framework which involves (1) individual components such as motivation and expertise including its
dynamics, (2) social components such as mutual influence, especially task allocation processes, and (3) group
performance is the most important outcome variable. Next, we propose a formalisation of these components
by adding these theories to the existingWORKMATE-framework. Subsequently, we describe a proof-of-concept
experiment that we conducted by using this framework. The paper concludes with suggestions for further re-
search and a discussion on applications.

Conceptual Framework

2.1 To describe the model that is being used to study the mutual relation between individual, group, and organi-
sational components, we make use of four sets of variables, which can be conceptualised as shown in Figure
1. The main elements of this schematic overview are (1) the input of this system is a project representing a set
of tasks, (2) the output of this system is the team performance, which includes performance indicators such
as performance time and group satisfaction, (3) the individual workers of which the team is being composed
of as well as their behaviour related to task allocation and performance, (4) social interaction of the individual
workers involved in the process of task allocation.

2.2 By relating these variables, we create a theoretical framework that describes how members organise them-
selves when allocating and performing a task. This organising process reflects a mutual interaction between
individual team members as well as the interaction between the individual and team behaviour. To explain
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how a team self-organises this process of task allocation, we will elaborate on the di�erent components as de-
scribed above.

Figure 1: A schematic overview of the team.

Individual components: Competence andmotivation

2.3 Our description starts at the moment that a project is being assigned to the team. Every member of the team
individually decides whether or not to perform a particular task that a project consists of. According to Wilke &
Meertens (1994), the most important individual variables that determine group performance are competence
and motivation. On the basis of these variables, each team member individually decides whether or not to
perform a particular task (Zoethout et al. 2006, 2010).

2.4 Competence refers toone’s ability to complete a task, related to individual knowledgeand skills. As anexample,
in a house building project, teammembers may di�er in their competence, e.g. design, bricklaying, carpentry,
electrical installation construction, and the like. Tasks may require di�erent competencies to be performed,
and teammembers may di�er concerning the competence they have. In some projects, members perform dif-
ferent tasks that require unique competence, requiring thework of specialist teammembers. In other projects,
the tasks di�er less in requiring competence, and teammembers that aremore generalist in terms of their com-
petence can perform the tasks.

2.5 Additional to competence, the members’ motivation is also a fundamental determinant of human behaviour
(Latham & Pinder 2005), referring to the member’s willingness to perform a task. Organisational research has
focusedonquestionsofhowteammembers learn, performatask, andexperiencesatisfactionwhencompleting
a task. Various motivation theories have been used to elaborate on these questions, including goal-setting
theory (Locke 2013), expectancy theory (Renko et al. 2012), achievement motivation theory (De Castella et al.
2013; Weiner 1985), and reinforcement theory (Wei & Yazdanifard 2014).

2.6 Akey theory in this field that is statedasanew impetus to researchonhumanmotivation is theSelf-Determination
Theory (SDT), proposed by Ryan & Deci (2000), this SDT provides a useful conceptual tool for organisational
research by addressing the di�erent motivations driving the member to perform a task. SDT identifies three
fundamental psychological needs underlying this motivation: competence, autonomy, and belonging (relat-
edness). Hence, in our model, the individual component ofmotivation is being described by using these three
needs the SDT proposed. Next, we will elaborate on this.

Need for competence

2.7 People have a propensity toward feeling competent and having e�ects on their environment, which shows a
person’s capacities and talents to achieve their goals or their ability to solve a problem at hand (Elliot & Carol S.
Dweck 2012). The feeling or expectation that one can successfully perform a task is rightly playing a central role
in intentional behaviours. People are o�en attracted toward tasks for which they can experience competence,
and avoid tasks for which they lack competence. The definition of competence as a basic driver of task moti-
vation can be traced back to White’s concept of e�ectancemotivation (White 1959), which was used to connote
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people’s capacity to interact e�ectively with their environment. Consistent with White’s conceptualisation of
e�ectance motivation, Ryan & Deci (2000) posit that the need for competence shows people seek and master
challenges. The need for competence is satisfied depending on the degree to which people feel and believe
that they are e�ectivewhen performing a task. When a task is perceived as too easy or too di�icult to complete,
the competence motivation of a person generally is lower (Elliot & Carol S. Dweck 2012). In terms of Vygotsky’s
zone of proximal development, it can be stated that people’s competencemotivation is the largest when a new
task is just a bitmore di�icult than their current competence, so learning can take placewithout the frustration
of failure (Chaiklin 2003).

Need for autonomy

2.8 In SDT, autonomy is conceptualised as the feeling that a person’s decisions and actions are self-integrated and
not being influenced or coerced by external power, which concerns a sense of willingness and volition concern-
ing one’s behaviours (Niemiec & Ryan 2013). Hence autonomy does notmean being independent of others, nor
being socially isolated. As demonstrated in SDT, autonomy is theorised as a need, and the sense of autonomy
(perceived autonomy) is indeed a very personal experience. The need for autonomy describes the need of in-
dividuals to experience self-endorsement and ownership of their actions to be self-regulated in the technical
sense of that term (Ryan & Deci 2017).

2.9 Individuals di�er in their desire for autonomy, some people may have certain types of experiences more than
others, and the satisfaction of basic needs will bring di�erent levels of satisfaction to di�erent people (Schüler
et al. 2016). The experience of autonomy is subjective. It depends upon the perception of three interrelated
components, namely (1) an internal perceived locus of causality (the causal source of actions ranges from inter-
nal to external), (2) volition (actions are endorsed by the self), and (3) perceived choice (decision-making flexi-
bility) (Reeve 2014). Conditions that increase the sense of choice or freedom to perform tasks have been found
to improve experienced autonomy (Evans & Boucher 2015). Behaviours are self-determined when our prefer-
ence leads to our decision to perform or not perform a particular task. People are not self-determined when
another person, e.g. amanager, takes away their sense of choice by coercing them into performing a particular
task. The need for autonomy is satisfied by being o�ered a choice and the opportunity for self-determination
(Legault 2016).

2.10 Although the need for autonomy is a personal innate feeling, their sense of autonomy depends on how their
individual choices are a�ected by interactions with other teammembers coercing them to perform a di�erent
task than initially preferred. In the context of collaborating in projects, autonomy refers to the capacity of a
teammember to control the choices of what to do and what not to do. The need for autonomy will be fulfilled
by letting team members perform tasks of their choices. When team members are able to perform tasks in
accordance with their selection and preference, their perceived autonomy is high, and accordingly, their need
for autonomy is highly satisfied.

Need for belonging

2.11 Belonging refers to the human need to be accepted as a member of a group, indicating the extent to which a
person feels connected with those around them (Pavey et al. 2011). Regardless of the type of group, individuals
incline to be a part of a social collective that is greater than themselves. The need for belonging can be consid-
ered as a prerequisite for actual social satisfaction, which strongly depends on how a team collaborated in the
past and present (Wilczyńska et al. 2015).

2.12 The sense of belonging is addressing a person’s experience of being involved and feeling to be part of a group
(Hagerty et al. 1992). Baumeister & Leary (1995) recognised that individuals have a pervading drive to form and
maintaingroupmembershipsand interpersonalbonds. People satisfy theirdesire toconnectwith thosearound
themby forming interpersonal bonds and interactingwith them. People have di�erent desires concerning their
preferred level of social connectedness (Walton et al. 2012), which can be related to their personality (Lin 2016).

2.13 The need for belonging is satisfied when a person feels involved in a larger group and connected with others,
hence in understanding teamperformance, it is relevant to consider the factors and processes that allow for so-
cial interaction, as these produce feelings of participation and connectedness that a�ect the overall motivation
of teammembers. Whereas di�erent theories of motivation exist, in the context of team performance it seems
a logical choice to address themotivation of individual teammembers as a combination of their satisfaction of
the need for autonomy, competence, and belonging. In performing tasks, sometimes a trade-o�will have to be
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made between these di�erent motivational needs, acknowledging that team members may di�er concerning
the importance they attach to these three motivational drivers.

Task components

2.14 Tasks generally refer to activities carried out to achieve certain goals in social life, engineering technology, and
manufacturing. Much research has focused on how people perform tasks, how tasks are allocated (Chen &Wei
2009) and how teams can be supported in performing tasks more e�ectively (Chae et al. 2015). Some scholars
propose three essential components of tasks, namely products, acts, and information cues (Naylor et al. 2013;
Wood 1986). Products refer to the measurable and purposeful results of the performance of a task. Acts and
information cues refer to the knowledge, skills, and resources needed by an individual to complete a task.

2.15 Task complexity is o�enused as an explanatory variable in discussing factors a�ecting task performance. Wood
defined three types of task complexity: component complexity, coordinative complexity, and dynamic com-
plexity (Wood 1986). Component complexity refers to the number of distinct acts that need to be executed. As
thenumber of acts associatedwith a task increases, thedemand for knowledge (expertise) and skills to perform
the task also increases. Hence tasks can be di�erentiated based on the expertise and/or skills that are required
to perform them (Wood 1986). Coordinative complexity refers to the interdependence between the required ac-
tivities, and as such it captures the precedence relations between the required acts. Dynamic complexity refers
to changes that may happen over time concerning the component and coordinative complexity.

2.16 Following the description above, we define a team project as a collection of tasks that need to be completed
by the teammembers. A team project thus can be decomposed into a collection of interdependent tasks that
need to be allocated over the teammembers. Each task requires a certain skill level and an available time slot
to be completed by a teammember. Following Wood (1986), task interdependence refers to the order in which
di�erent tasks need to be completed, and dynamic complexity refers to situations where the skill levels and
time required to perform a task change over time.

Social interaction

Initial choice and final allocation

2.17 The advantage of teams in working on projects lies in their ability to better integrate and utilise the strength of
each member (Kozlowski 2018; Kozlowski & Ilgen 2006). Managers can allocate the tasks over the teammem-
bers based on their estimation of the members’ capacity to perform the tasks well. However, task allocation
can also be self-organised, where no central management is needed to come to a good task allocation. The
theoretical framework WORKMATE (Zoethout et al. 2006) is for simulating the self-organising process of allo-
cation. In the course of task allocation, the teammembers choose the tasks they want to undertake based on
their competence andmotivation and rely on the interaction with the other members to complete the process
of task allocation.

2.18 Each team member may choose to do a particular task, and not do other tasks based on its competence and
motivation for this task. We formulate this as the initial choiceof eachmember,which represents if he/shewants
to perform a particular task or not, it could be "I-Do" (I want to do it) or "Y-Do" (I do not want to do it, I want you
to do it).

2.19 On the basis of the initial choice, the agents start influencing each other. The influencing process aims to reach
a complementary situation in which the agent can actually do the task that it wants while influencing the other
agents to do the tasks it doesn’t want to do. This process applies to all tasks and all agents involved in a
project. This finally leads to a situation in which all the tasks in a project have been allocated to the agents
in a self-organising way, based on their competence and motivation related to each skill. The final situation
being reached is called: final allocation.

Connections between agents

2.20 Every agent has a�erent (incoming) connections from other agents and e�erent (outgoing) connections to other
agents. The connections between agents are directed and heterogeneous. According to Hebb’s (1949) learning
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rule, the simultaneous activity of two elements increases the likelihood for the emergence of a newor strength-
ening an existing connection between those elements, in our case the task of performing agents in a team.
When agents work on the same project, the strength of the connection between them will increase, and when
agents cannot perform tasks according to their preference due to interaction with other agents, then the con-
nection between this agent and another agent accountable for this change will be weakened accordingly. The
connections between agents may vary in strength: if a connection is stronger, the proportion of excitation and
inhibition is larger.

2.21 As Figure 2 depicts, every pair of agents has two directed connections that are distinguishable from each other,
like the connections between agent A and agent B, one from agent A to agent B and one vice versa.

Figure 2: Connections between agents.

Group performance

2.22 Scholars have widely proven that there is a significant relationship between motivation and task performance
inmanygroups, including teachers, students (Inayatullah&Jehangir 2012; Kusurkar et al. 2013), and employees
(Zahra et al. 2015). Whether at the organisational, team, or individual level, motivation has been shown to have
a significant impact on task performance (Chaudhary et al. 2012).

2.23 People’s task performance is determined by what motivates them, and their performance is a product of both
ability and motivation (Mullins 2007; Heavey et al. 2011). Ability relates to performance primarily through job
knowledge, such thatworkers having a higher ability tend to performbetter because they are better able to use
job-relevant knowledge. Motivation relates to task performance by influencing the choices workers to make
about whether or not to devote e�ort towards a certain task (van Iddekinge et al. 2018). The interaction be-
tween ability and motivation a�ects individual task performance, so the relationship between ability and task
performance relies on motivation (Mullins 2007). Besides, scholars stated that for a team, in addition to ability
and motivation, coordination is a third important factor a�ecting team performance (Janicik & Bartel 2003).
Coordination in teams is considered a key process for team e�ectiveness, and good coordination is considered
to be necessary to ensure that a team functions as a whole in managing a project.

2.24 Researchers have converged on a reflection of teams as complex, adaptive, and dynamic systems. Teams exist
and perform in a context and they perform across time. Teams and their members constantly adjust over time
and contexts through interactions among their members. Coordination of these social interaction processes
and dynamics is considered to be an indispensable process that a�ects team performance (Rico et al. 2008).

2.25 Summarised, there are three main elements related to group performance, namely ability, motivation, and
coordination. The former twoare componentsof individual teammembers, and individual expertise represents
the specific abilities of a teammember. The concept of coordination costs is defined in termsof the timeneeded
to allocate the di�erent tasks over the team members. The following Figure ?? summarises the conceptual
model, positioning the psychological components and behavioural processes in the performance of a team.
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Figure 3: A simplified illustration of the conceptual model

2.26 This model will serve as the basic starting point for the development of an Agent-Based Model for simulating a
self-organising task allocation process.

The Agent-Based Model Applying the ODD Protocol

3.1 The ODD protocol is proposed for describing IBMs (individual-based models) and ABMs (agent-based models)
in a complete and comprehensible way. The ODD is designed to ensure the model description is readable and
understandable, which was first discussed by Grimm et al. (2006). There are seven elements of the ODD pro-
tocol, which can be categorised into three block groups: Overview, Design Concepts, and Details. A complete,
detailed model description following the ODD protocol (Grimm et al. 2020) is provided in its supplementary
files.

3.2 The overall purpose of ourmodel is to explore the dynamical relationship between individual needs and group
performance when focusing on self-organising task allocation. Specifically, we attempt to address the ques-
tion of how three individual needs (need for competence, autonomy, andbelonging) a�ect groupperformance.
The model includes the following five entities: teams and projects, tasks, individuals, connections among in-
dividuals. The state variables characterising these entities are listed in Table 1, and the flowchart of the task-
performing process is shown in Figure 4.

Entity State Variable Description Possible Value

Team Num_Members The number of individuals or members Natural number
Project Num_Tasks The number of tasks Natural number

Task
ID The identity number of each task Natural number
Task Knowledge The amount of knowledge required to complete

the task
[0,1]

Task Duration The time needed to execute the task [0,10]

Individual

ID The identity number of eachmember Natural number
Competence All the knowledge possessed by the individual [0,1]
Motivation The willingness of individals to perform a task,

concerning three needs: need for competence,
autonomy, and belonging

[0,1]

Learning and forget-
ting

The ability to adapt and respond to the organi-
sational environment

[0,1]

Connection Connection strength The influence relationship among individuals [0,1]

Table 1: The entities and state variables

3.3 The fundamental process of the model is the self-organising task allocation process, which is based on the so-
cial interaction among individuals (the individual and interactional levels in Figure 4). Firstly, individuals make
an initial choice based on their level of competence and motivation, and they have to interact with each other
to reach the final allocation when there is no complementary allocation happening until it reaches a comple-
mentary situation inwhich there is only one individual whowants to do a particular task. Individualswill adjust
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their competence and motivation a�er performing the tasks allocated to them. When the next project comes,
the self-organising allocation and performing process will be repeated, and the individuals involved will con-
stantly adapt according to the coming tasks.

Figure 4: Flowchart describing the task performing process.

3.4 The most important design concepts of the model are adaptation and interaction. The adjustment of motiva-
tion is the key adaptive behaviour, it is modelled according to the SDT theory (Ryan & Deci 2017), which ad-
dresses three working motivational needs, including (1) the need for competence, which is o�en considered
to be contextual. An agent would be most motivated if the knowledge possessed by this agent is close to the
task requirement (Schiepe-Tiska 2013). Hence, an inverted U-shape curve is needed for explaining the relation
between the need for competence and individual knowledge concerning task requirements, (2) the need for
autonomy, agents want to be autonomous and have individual liking to use a certain skill, expertise, or knowl-
edge, the more agents are capable of doing the tasks they like, the more perceived sense of choice ability, the
more satisfied they are with the need for autonomy, and (3) the need for belonging, referring to the need of
agents for being a part of a larger whole. The sense of belonging of each individual depends on its feelings of
connectedness, in this paper, we will state the individual motivation driven by belonging from social connec-
tivity. Basically, this social connectivity refers to connectivity to the other agents, the larger the connectivity,
themore satisfied the need for belonging. Additionally, the interaction happens in the course of self-organising
allocation, individuals will interact with each other until they reach a final allocation.

Agent-Based Simulation Results

4.1 In the discussion, we will elaborate on the experimental designs we want to explore using the WORKMATE
model. In this section, we limit ourselves to demonstrate what team dynamics can be simulated with WORK-
MATE, and what types of output can be generated for further analysis. As a setting for the proof-of-concept
experiment we use the following settings:

• The team consists of three individuals;
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• The project is composed of three tasks, and the cycle (repetition) of the project is 40;

• Each member has three types of knowledge.

4.2 A complete and detailed set of parameters are described in the supplementary files. All data generated or anal-
ysed during this study are included in this article and its supplementary files.

4.3 To start the experiment, we followed common sense and educated guessing to select the values of some of
the parameters involved in the model. For simplicity, we use the middle value, i.e. 0.5, for λ indicating that
competence and motivation are equally important when forming the initial choice of individuals. We set the
parameters of the psychological characteristics, namely σ, %, β, ψexc, ψinh at the value 1, making them equally
important. In addition, we assume that the agents’ ability to learn is faster than the rate at which they forget
Zoethout et al. (2010). In this experiment, we set agents’ learning ability γ = 0.3 and forgetting rate ζ = 0.1.

4.4 We conducted a sensitivity analysis to explore how the team behaviours change when varying parameters re-
lated to the overall motivation and the three needs, which are the four aforementioned parameters (Tam, Ic,
Ia, Ib).

4.5 In this paper, we aim to explore the dynamical relationship between three individual needs and group perfor-
mance. Whilemany experiments can be conducted with our proposedmodel, as a proof of concept we explore
the impact of twocritical factors on this dynamical relationship. First,motivation threshold (Tam) is the variable
that is related to motivation and directly a�ects the individuals’ belief whether or not it is willing to undertake
a certain task. When an agent’smotivation is higher than this Tam, the agent ismotivated andwilling to choose
to do a particular task, and vice versa. The second key factor is the importance of three needs (Ic,Ia,Ib) a�ect-
ing the relative importance of the needs. We intend to figure out the impact of the motivation threshold and
relative importance of the three individual motivational needs on performance time (Tperf ) and satisfaction
(GS).

The e�ect of motivation threshold on performance time andmotivation

4.6 To beginwith, we analyse the sensitivity toTam, the performance time of team change due to the varyingmoti-
vation threshold, which showing how critical the members are concerning their motivation to perform the dif-
ferent tasks. Here, the key variable that a�ects whether a member is critical or not is themotivation threshold,
the higher the larger the threshold, themore critical, and vice versa. In Figure 5, we show how the performance
time of teams with a high (Tam = 0.7), moderate (Tam = 0.4), or low motivation (Tam = 0.1) evolves over a
series of cycles.

4.7 In Figure 5, it can be observed that under conditions of moderate motivation the team performs the task the
fastest. When the motivation threshold is very high, where agents are hard to motivate, the team performs the
slowest in the early cycles. Whenworkers are very critical (high Tam) of beingmotivated to perform a task, they
will be unmotivated to perform the task. If nobody is motivated to do the task, the agents try to convince each
other (Y-do) to do the tasks, which requires a lot of coordination time. Hence the higherTam, themore reluctant
an agent is to take on the task, and the more Tcoor is required to complete a project. When the motivation
threshold of the team members is low, the team members are easily motivated to perform a task. If all three
team members are motivated to perform the three tasks (I-do), also more negotiation is needed on deciding
who is going to do what. Hence the lower Tam, the more motivated agents are to do the task, and more time
Tcoor is required to complete a project.

4.8 In the following Figure 6, we show for teams having di�erentmotivation-thresholds how the performance time
evolves, indicating with colour how much percentage of this time is used for the allocation process. Figure 6
shows the existence of an optimal interval formotivation threshold (Tam ∈ [0.3, 0.5]) leading to the lowest per-
formance time Tperf . This interval can be considered as the aforementioned moderate motivation threshold,
where the agents do not spend toomuch time on the allocation process, as indicated with the blueish colour.

4.9 When the motivation threshold is low (Tam<0.3) or high (Tam>0.5), all agents are either motivated or unmoti-
vated to perform the task, resulting in a lot of coordination time, as indicatedwith the greenish colour. The total
performance time is thus high. At the optimal interval of motivation threshold Tam, the threshold is the closest
to the individual motivations of the agent. This implies that it is more likely that one agent is just enoughmoti-
vated to perform a task (I-do), whilst the other(s) are just not motivated enough, resulting in an easy allocation
process. As a consequence, the performance time is low.
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Figure 5: Performance time of the team under three conditions.

Figure 6: Performance time spent by the teamwhen under di�erent motivation threshold.

4.10 The key conclusion out of this experiment is that under conditions of equally important needs, having highly
motivated team members may cause the performance time to become much longer, due to a lot of negotiat-
ing on who is doing what. Also, we observe that over time all teams perform equally concerning performance
time. Because the agents improve their skills when performing a particular task, and forget tasks not being
performed, in due time the motivations for di�erent tasks will adjust accordingly, resulting in a more e�ective
allocation process.

4.11 Whereas taskperformance is important inevaluatingprojects,withWORKMATEwecanalso trackdevelopments
in the motivation of the team members. In the following Figure 7, we display the development of the overall
satisfaction of the teammembers over time.
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Figure 7: Performance time spent by the teamwhen under di�erent motivation threshold.

4.12 Figure 7 shows that at the beginning of the project the group overall satisfaction (GS) di�ers for di�erent mo-
tivation thresholds. The highest general satisfaction (GS) can be observed for the workers with the highest
motivation threshold Tam. Hence the more critical the workers are concerning their motivation for a task, the
higher their general satisfaction (GS) is. This is because when agents are more critical, their final task alloca-
tion is more likely to be consistent with their initial selection. As a consequence, their needs for autonomy and
belonging are more satisfied, while at the same time their satisfaction of competence remains unchanged, as
this is merely related to the di�iculty of projects, and as a result, theGS will be higher.

4.13 In due time the motivation of the workers in all conditions will reach a high level. Again, this is the logical
consequence of the agents improving their skills when performing a particular task, and unlearning tasks not
being performed.

Task performance concerning single need dominance

4.14 Since we discern three di�erent types of needs, teams can di�er concerning the focus of their motivation. With
WORKMATE we can create teams where one of the three needs is dominantly present, and explore how this af-
fects the teamperformance. In the followingFigure8, theperformance timeof fourdi�erent teams ispresented,
one team composed of workers for whom all needs are equally important, and 3 teams where respectively the
need for competence, autonomy, or belonging dominates their behaviour.
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Figure 8: Performance timeof the teamwhen three types of needare of di�erent importance (whenTam = 0.1).

4.15 Given that under all conditions the motivation threshold Tam is equal for the teams, we observe di�erent per-
formance times with di�erent needs dominating. Interestingly, we find that the team with a dominating-need
for autonomyhas the lowest performance time (green curve, Figure 8). The explanation for this phenomenon is
that when autonomy dominates the team, there is a big di�erence in the willingness of members to undertake
specific tasks, which leads to less time spent on coordination, thereby reducing the performance time Tperf .
When competence is the dominatingmotivation in the team (orange curve), themotivation of all agents to per-
form a specific task will be high causing that more time is needed for the task allocation process.

4.16 In the following Figure 9. we plot the development of the general need satisfaction of the four-team conditions.
We observe that the team with the focus on competence starts with the highest motivation, and ends with the
lowest motivation. When autonomy or belonging dominates, we see an increase in motivation over time. For
the equal needs’ importance group, we see also an increase in general satisfaction, albeit moremoderate. This
moderation is caused by the need for competence, which is less satisfied.

4.17 According to the setting of this experiment, agents’ knowledge and task requirements have initially little dis-
crepancy, so the motivation of competence is the highest at the beginning since an agent would be most mo-
tivated if the knowledge of itself close to the task requirement (Schiepe-Tiska 2013). As a consequence, the
satisfaction of competence accounts for the vast majority of the general satisfaction (GS) in this case. A�er a
while, the autonomy dominating team starts to have the highest level of general satisfaction. This is because in
a later stage (a�er 10 cycles) of task processing, agents are more likely to perform the task they want, causing
that their need for autonomy is more satisfied, leading towards the highest general satisfaction.
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Figure 9: The overall satisfaction of the team when three types of needs are of di�erent importance (when
Tam = 0.1).

4.18 In further exploring the impactof need importanceon teamperformancewesystematically vary the importance
of respectively the need for competence, autonomy, and belonging, whilst also varying the motivation thresh-
old. In the following Figure 10 and Figure 11, it can be observed how performance time changes for di�erent
conditions of need dominance andmotivation threshold.

4.19 To explore the impact of the importance of the three needs on performance time, we consider one of the three
needs’ importance gradually increases from 0.1 to 1, the other two needs’ importance remains the same. For
example, Ic = 0.1, and Ia = Ib = 0.5 initially, then Ic is increasing from0.1 to 1, Ia and Ib are constant. It can be
observed that amore complex 3-way interaction e�ect exists between need dominance, motivation threshold,
and time. Themotivation threshold of the teammembers and the relative importance of needsmayhavedi�er-
ent e�ects on the performance over time. The "blue channels" in the landscape that are visible in the first-time
step of the simulations show that (a) when the importance of competence increases, also motivation thresh-
old should increase for the team to perform good, (b) when the importance of autonomy increases, motivation
threshold should decrease for the team to perform well, and (c) when the importance of belonging increases,
motivation threshold should decrease for the team to perform well.

Figure 10: Performance time (the 4th cycle) of the teamwith the change of the importance of threemotives and
motivation threshold.
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Figure 11: Performance timewith the change of the importance of threemotives andmotivation threshold over
time. Note that Figure 10 is depicting the 4th cycle of Figure 11.

4.20 Wenow focus on how the importance of three needs influences themodel behaviour. Looking at Figure 10a and
Figure 11a, we observe that when the importance of competence Ic is increasing from0.1 to 1, the optimumTam
increases, and vice versa. An explanation for that is, in this case, the motivation of competence is larger than
the motivation of the other two needs, when Ic decreases, the overall motivation also decreases, and so does
the optimal Tam.

4.21 Figure 10b and Figure 11b show that if the importance of autonomy Ia is increasing from 0.1 to 1, the optimum
Tam goes down as the Ia goes up, and vice versa. The reason for this result is, when reduces Ia, the overall mo-
tivation improves, which requires a higherTam to help agents complete the allocation processmore e�ectively.

4.22 Figure 10c and Figure 11c show that when the importance of belonging Ib is increasing from 0.1 to 1, there still
exists an optimum Tam for the lowest Tperf . The reason for this phenomenon is similar to that of when au-
tonomy is dominating, namely when Ib increase, the overall motivation drops, and thus a lower Tam helps the
allocation process.

4.23 These experiments show that with a clearly defined agent-based model we can formally identify the complex
interactions between multiple factors determining team performance. For di�erent combinations of factors,
we can identify what dimension is themost relevant to improve performance, not only in the short run but also
considering the team develops over time.

Top-downmanagement versus self-organisation

4.24 One of the interesting possibilities to experiment with is the impact of managerial strategies on team perfor-
mance, both in the short and in the long run. In the following Figure 12, we compare 3 conditions of self-
organisation with one condition where the task allocation is not being self-organised, but top-down allocated
based on competence. In this condition, the tasks are allocated to the teammember with the highest skill.

4.25 Figure 12 shows for the current conditions that a top-down decision allocating people to tasks solely based
on their competence is most e�ective in the short run. Whereas the more complicated bottom-up allocation
process requires more negotiation in the beginning, especially with a team having a highmotivation threshold
team (Tam = 0.7), in due time they will surpass the e�iciency of the top-down management. These results
suggest that under the current conditions top-down management to speed up the performance indeed will
produce e�ects, and may be considered to be a success. It even is a success as we observe the performance
time improving over time. However, top-downmanagement may be counterproductive in the longer run, and
management having trust in the self-organising capacities of a teammay be better o�.
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Figure 12: Performance time of the team under four conditions (two strategies).

4.26 Whereas this run demonstrates that the top-down strategy, despite its higher e�icacy at the beginning of the
teamwork, is inferior to self-organising under these conditions, we can also observe the impact on the satisfac-
tion of the team members. In Figure13, we plot the development of the satisfaction of the team members. As
can be observed, the satisfaction levels under the top-down condition are the lowest.

Figure 13: Satisfaction of the team under four conditions (two strategies).

4.27 The current experiment ismainly to demonstrate ourmodel’s capacity to experimentwithmanagement strate-
gies and identify the impact on team performance and motivation. Many more experiments will have to be
conducted to develop a more complete picture of how di�erent management styles interact with the perfor-
mance of di�erent teams and project conditions.
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4.28 Further sensitivity analyses can, of course, be conducted. The experiments that we present here serve as proof
of concept. We demonstrate that it is probablewith ourmodel to explore the dynamical relations between indi-
vidual characteristics of teammembers, task complexity, management strategy and overall teamperformance.
Obviously, many experiments are possible where combinations of personal characteristics, the complexity of
tasks and di�erent managerial strategies can be systematically explored. Here sensitivity analysis will be im-
portant to identify the robustness of e�ects and to identify interesting instabilities in certain organisational
settings.

Conclusions and Discussion

5.1 In this paper, we formalise theSelf-DeterminationTheory ofDeci &Ryan (2012) to update theWORKMATEmodel
(Zoethout et al. 2006) with a motivational component. This updated WORKMATE model o�ers a framework
to explore social dynamics with respect to the interrelation between individual and group levels. We present
some basic experimentation as a proof-of-concept on discovering the dynamical relationship between individ-
ual needs and group performance.

5.2 With regard to a self-organising task allocation process, the first illustrative results show some interesting phe-
nomena.

5.3 First, we studied the impact of the motivation threshold on team performance and team overall satisfaction.
Through analysing the first simulation results, we found that a) there exists an optimal motivation threshold
that will minimise the team’s performance time, b) The group’s overall satisfaction improves as the motivation
threshold increases.

5.4 Second, we studied the impact of needs’ importance on team performance and overall satisfaction. We utilise
the parameters (Ic, Ia, Ib) that can a�ect the balance between the three motivations as an independent vari-
able to explore its e�ect on team performance. The first results show that a) when the motivation threshold
is moderate, the performance time will be lowest when in an autonomy-dominating team and will be high-
est when in a competence-dominating team. b) the optimal motivation threshold for the lowest performance
time will increase as the importance of competence increases, but it will decrease as the importance of auton-
omy increases. c) when the task performing system has been running for a period of steps, the team that is
autonomy-dominated always has the highest group overall satisfaction.

5.5 Third, we found that a top-down task allocation focusing on team members’ knowledge and skills might save
a lot of time in the beginning because the workers do not spend time on the allocation process. However, in
the long run, conditions are possible where self-organisation is both more e�icient and results in the higher
motivation of the teammembers.

5.6 The experiments as presented in this paper are just an example of the potential of WORKMATE to identify dy-
namical processes and phenomena in collaborating teams. Because there is no systematic analysis of the ro-
bustness of the e�ects under varying conditions, the results should be interpreted with caution. Nevertheless,
we think that the first results show the potential of this model for systematically studying team processes in a
novel and systematicmanner, andmay provide a formal framework supporting the analysis of empirical cases.

5.7 As an example, in our experiment on self-organisation versus top-down allocation of tasks based on expertise,
the first results indicated the possibility of a "managerial trap". When in a teammuch time is spent on negotiat-
ing who is doing what, an enforced top-down decision allocating the tasks on the basis of the expertise of the
team members will result in an immediate improvement in performance time. Additionally, the performance
time will further improve due to learning e�ects. Whereas this suggests managerial success, our model reveals
that continuing with the self-organised task allocation not only may prove to bemore e�ective in the long run,
but it also causes the motivation of the teammembers to be higher.

5.8 The better performance of self-organisation is an emergent e�ect. Because the performance time is better than
when the tasks are optimised on individual expertise, a "gestalt" e�ect is emerging. We tend to interpret this as
a "teamspirit e�ect". In this paper, using theagent-based simulationmethod,we studied thee�ect of individual
needs on teamperformance pertaining to the self-organisation allocation. However, this study does have some
limitations. First, the performance time is an important performance indicator, its value depends on individual
psychological parameters, therefore, the value has no practical meaning, but the comparison of superiority
and the trend in di�erent contexts significantly matter. Second, the heterogeneity of team members and the
complexity of theproject a�ect theproductivity of the team, but in the experiments of this article, weattempt to
eliminate the impact of their di�erences through the initial settingsof the experiment. Third, belonging consists
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of twoparts. The first part is about the connectivity, whichwehavemodelled as connections amongagents and
the strength of those connections. The second part is related to higher-order of cognitive functions, which are
about sharing beliefs, shared values of group identity and feeling a part of a larger group. Since the model we
present in this paper is already quite complicated, we decide to utilise the connectivity as a proxy for belonging.
It remains a challenge to address themore social cognitive processes related to connectivity inmodelling team
group identities. We hope in future work to expand our model in this direction.

5.9 Theproposed computationalmodel in this paper canbecomea foundation for further scientific advancements.
Future explorationdirections include introducing the relationbetween self-interestedbehaviours and teambe-
haviours, for example, shirking of employeeswould adversely a�ect individuals andorganisations (Antosz et al.
2020), the free-ridingbehaviourwillmake thegroupworkunpleasant andmakemembers feel frustrated (Hall &
Buzwell 2013), and social punishment has an impact on cooperative behaviour (Wang et al. 2013). Another pos-
sible venue for further experimentationwith themodel is toexploreunderwhat conditionsof teamcomposition
and task complexity (Liu & Li 2012), di�erent managerial and self-organisational principles perform in terms of
team e�iciency and team satisfaction. Following Ashby’s law (Ashby 1991), the complexity of the management
system needs to be adapted to the complexity of the management object system. Some projects may be bet-
ter managed top-down, especially when team composition generates a lot of allocation discussions, and the
project is short-lived. Other projects may benefit from investingmore time in the self-organisational processes
because themerits of a well-running teamwill becomemanifest at a later stage. Obviously, the complexity of a
project and the diversity of skills required will be important factors to investigate.

Model Documentation

A complete and detailed model description following the ODD protocol (Grimm et al. 2006, 2020) is provided
in its supplementary files. The model itself was implemented with NetLogo 6.1 (Wilensky 1999), which can be
found in CoMSES online repository at: https://bit.ly/3uUJhCx.
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