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Abstract

In this paper, we study the impact of the
management evaluation strategies that are aimed at
achieving a balance between rewarding the cooperative
behavior of employees and their economic performance.
We developed a model in the NetLogo simulation
environment that incorporates many socioeconomic
aspects such as the stress, effort, and productivity
of employees as well as insights into managing
cooperativeness and the performance of individual
workers. We conducted a series of simulations, each
representing a 10-year lifespan of an organization,
and the results reveal that organizations achieve the
highest performance when management prefers to
reward the cooperative behavior of employees instead
of performance. The detailed results are provided and
discussed in the paper, as are the future directions that
the research could take as well as possible extensions of
the model presented.

Keywords: agent-based modeling, cooperation,
organizational performance, Prisoner’s dilemma, stress.

1. Introduction

Levels of stress and the quality of relationships
among co-workers are known to have a direct influence
on job satisfaction and physical health, both resulting in
a negative economic impact on organizations [1,2].

The role of the management is to establish
an optimal working environment that will obviate
such problems while aiming to achieve the highest
possible organizational performance. As Livio & De
Chiara [3] point out, it is a priori unclear whether
the management should either support cooperative
or competitive environment between co-workers to
promote performance. Some researchers argue that
humans are reciprocal by nature [4], and that a friendly
environment fosters innovative thinking [5-7], whereas
others conclude that competition between co-workers
stimulates performance through a higher motivation of

Radek Oslejsek Jaromir Plhak
Masaryk University, Masaryk University,
Faculty of Informatics Faculty of Informatics
oslejsek @fi.muni.cz xplhak @fi.muni.cz

individuals [8,9]. While the existing studies focus on
the interactions within/among the team, and in some
exceptional cases on the managerial decisions, our
focus is on extending this research by implementing a
multi-variable agent-based model. This model allows
us to study complex interactions between employees
and how the system is influenced by the management
strategies that strike a balance between rewarding the
cooperative behavior of employees and their direct
economic performance for the sake of the profit of
the company. The model uses a variety of tunable
parameters which define attributes and behavioral rules
of agents, whose interaction unfolds in time and create
spatial and temporal patterns [10]. The evaluation
experiments demonstrated that the model behaves
correctly in predictable situations.

The rest of the paper is organized as follows: (1) In
Section 2, we locate our approach in the broader context
of socioeconomics and game theory. (2) In Section 3,
we describe our simulation model, its key features, and
principles. (3) In Section 4, we discuss the simulation
experiments and their results in detail, and (4) we draw
our conclusions and look to the future in Section 5.

2. Related Work

According to the American Institute of Stress [11],
about three quarters of the U.S. population regularly
experience physical and psychological symptoms
caused by work related stress and consequent costs to
employers are estimated to be $300 billion annually.
It is now widely accepted that stress has a significant
impact on organizational performance as it influences
employees’ motivation and their sense of wellbeing [2,
12]. The relationship between stress and performance
is most commonly explained by the Yerkes-Dodson
law [13] where the best performance is achieved at
a medium level of stress — the curve describing
the relationship is N-shaped. However, existing field
studies on samples of medical nurses [14], software
engineers [15], elite football players [16], industrial



workers [17], surgeons [18], and aviation pilots [19]
conclude that there may also be a positive or negative
linear relationship between stress and performance.
In our model, this relationship is mediated through
complex interactions between agents that are based on
the prisoner’s dilemma game, and further influenced
by the management’s decision making, as described in
Section 3 of this paper.

The prisoner’s dilemma game [20], henceforth
PDG, is commonly used as a paradigm in studying
cooperative behavior.  In the original PDG, two
players simultaneously decide whether to cooperate or
to defect. They receive the reward R or punishment
P if both cooperate or defect, respectively. If one
player cooperates and the other defects, the former gets
a sucker’s payoff S while the latter receives a temptation
to defect T [21,22]. In our model, players of PDG
correspond to employees that collaborate with their
co-workers.

Work by Nowak and May [21] showed that a
simple spatial PDG setting can produce remarkably
complex and indefinitely changing fractal-like patterns
of behavior. Later on, much effort has been devoted
to the evolutionary games on different topologies of
regular or complex networks [23-29]. Our model is
based on a regular lattice where each agent is surrounded
by eight neighboring agents (i.e. Moore neighborhood).
This basic setting allows us to investigate the dynamics
of the cooperation that our model is designed to
test, while excluding possible topological effects of
interaction. Note that within the context of modeling
and simulation, the basic interaction unit in a model is
called an agent. In our model, the agent represents an
employee, therefore we use words agent and employee
interchangeably throughout the text, depending on the
context.

Voluntary participation is considered as an effective
approach to promote cooperation in PDGs [30-32].
Under this setup, a third strategy called ’loner’ is
involved. A loner does not temporarily participate in
PDG and both, the loner and the other player, take
a fixed small payoff. Chen et al. [33] propose an
aspiration-induced dormant mechanism, in which loners
temporarily quit the game if their payoffs are less than
the aspiration level. Our model also permits an agent
to temporarily stop participating in the PDG, under the
following conditions: agent reaching a given degree
of stress become sick, which excludes them from the
collaboration for a given number of simulation steps. To
mimic real-world situations, the agent returns to work
after the “sick leave” ends. However, agents whose
recurrent sickness overcomes a given tolerance may quit
the job and be subsequently replaced with newcomers.

3. Model

Our model represents an organization, such as a
company, a university, a factory, etc., where employees
are provided with a salary to deliver added value (see
section 3.2.1) back to the organization.

The model provides a certain degree of cooperation
between individuals — part of the work is done by the
employee alone and part of the work can be mutually
exchanged with a colleague. This concept is based
on the idea that employees exchange the specific work
that the other colleague can process more efficiently.
This exchange consequently benefits both parties. The
willingness to deliver the exchanged part of the work
between employees is simulated by PDG. This is a
standard approach to studying aspects of cooperation
since it is known that spatialized PDG is an undecidable
problem [34]. The management of the organization
evaluates each employee, where performance and
cooperativeness are considered for salary adjustments.
The individual workload, the outcome of cooperation,
and the salary increase or decrease have an impact on
the employees’ stress level and consequently on their
motivation and related performance.

The core of the model is based on the primary
features of cooperation, stress and economic
performance. Throughout its development, we
have been implementing additional components of
the model so that it will be of use to more specific
situations. ~ All of the extending components are
adjustable by parameters and may be turned off —
this was mainly used during the testing of the model.
While the values of some parameters have to meet
certain criteria, e.g. PDG payoff function (see Table 2),
the value of other parameters were set arbitrarily, as
a result of series of tests. Testing simulations proved
that, under given settings, the system is relatively robust
and produces reasonable results. Some parameters
had to be controlled carefully, as they were highly
sensitive to each other (e.g. stress production and
stress regeneration) which could significantly influence
overall behavior of the system.

3.1. Terms and Concepts

In our model, employees are described using the
following key features that account for their individual
properties.

Strategy is a predefined behavior of the employee
when PDG is played. For use in our model, we have
selected seven simple strategies commonly used in the
PDG context, as listed in Table 1. The strategies that the



employees use are assigned randomly and never change
during their lifespan.

Productivity 6 represents employee’s ability to create
profit for the company. For the sake of simplicity, we
assume each employee having fixed productivity during
their lifetime. This number is used in Equation 2 and set
as described in Table 3.

Effort « represents an employee’s inner motivation
to work. While productivity describes the employee’s
abilities, effort describes how much the employee uses
these abilities at a particular moment — 0% can be
understood as ”an employee does not work at all” while
100% as ”an employee does their best”.

Existing research addressing the influence of
external rewards on employees’ performance and
motivation comes to contradictory conclusions — some
state that pay increases the employee performance
[35], while others found payment harmful to intrinsic
motivation [36]. Cameron et al. [37] pointed out
that the influence is also affected by the attractiveness
of tasks. In our simplified model, the only factor
affecting the effort are changes in salary. Decreasing the
salary demotivates employees and decreases their effort
and vice versa. However, the influence is not linear.
Employees with a high current effort are more sensitive
to a salary decrease which leads to a noticeable decrease
in their effort. Conversely, employees with a low current
effort react more significantly to a salary increase.

Resistance to stress is modeled as a capacity of a
virtual stress container. If the stress level is below
the given threshold, the employee is healthy and
working. When the stress level exceeds the limit, the
employee becomes sick and unable to work. When a
sick employee returns to work, the stress container is
emptied. See Subsection 3.2.2 for closer details.

Sickness is a metaphor used to simulate the impact
of high stress on working activities of employees. Sick
employees do not produce any profit, but the company
still supports them financially. Employees that are sick
too often are fired and replaced. The tolerance for
repeated sick leave is adjustable in the model, common
to all employees, and fixed during the simulation.

3.2. Simulation Step of One Employee

Each simulation round can be considered as one
working day during which an employee produces a
certain amount of added value. In what follows,
we explain how this amount is calculated and how it

is influenced by certain features of employees, their
willingness to cooperate, and stress factors.

3.2.1. Fulfilling the Work Tasks: The primary
input for this step is a salary [,which represents the
amount of money that the employee is given by the
management.

The management expects that the employee will
produce the work at least commensurate with the value
of the salary. The primary output is an added value
V, which corresponds to the input salary increased (or
decreased) as a result of the work produced. The added
value is affected by three weighted components V,, V,
and V...

V =BVe+Ve+Vpe). (1

Efficiency contribution V, reflects the employee’s
current working effort x relative to their productivity
6. Cooperation weight, w,,0 < w, < 1 denotes
the portion of the work which is mutually exchanged
between two employees, while the rest is done directly
by one employee:

Ve = (1 —wy)bk. 2)

Cooperation contribution V, reflects the cooperation
initiated by the employee:

Ve = wy . 3)

This contribution can be interpreted as exchanging the
same portion of the work with a co-worker because they
are able to do it more effectively and vice versa.

¢ is the results of the iterated PDG played with a
co-worker. The game is driven by the payoff matrix
defined in Table 2. The values satisfy condition T >
R > P > S and can be interpreted as follows:

e Sucker’s payoff S: I did the partner’s work as
was agreed, but my partner did not do my work.
I cannot earn anything from my work because it
was not done.

e Cheater’s payoff 7 I did not do the partner’s
work, but the partner did my work as we agreed.
Because they did the work more efficiently than
me, I get the payoff 1.25. Moreover, I had time to
do my own work, and so the final payoff is 2.25.

* Punishment P: We did not agree on cooperation
and did the work as usual, with normal efficiency.

e Reward R: Both of us met the agreement, and
because we did the work more efficiently, we get
a payoff 1.25.



Strategy Label

Description of behavior.

Repeats partner’s last move.

Defect D Always defects.
Cooperate C Always cooperates.
Tit for Tat T

Tit for two Tats T2

Tit for Tat — Naive Peacemaker nT

Defects only if defected in the last two rounds, otherwise cooperates.
Repeats partner’s last move. When defected in the last round, there is a

probability of cooperative response.

Pavlov P

Starts with cooperation. Repeats action when won last round and switches

action when lost last round.

Unforgiving U

Once defected by a partner, it will always respond with a defection.

Otherwise cooperates.

Table 1. The description of employees’ collaboration strategies.

In each simulation round, an employee can cooperate
with a different co-worker. The collaboration history
of the particular partner is always taken into account,
which is important for strategies that decide their move
based on previous ones, e.g., the ’Tit for Tat” strategies,
see Table 1.

Cooperate  Defect
Cooperate R =125 S=0
Defect T=225 P=1

Table 2. The payoff matrix of the PD game.

Requested cooperations contribution V... Apart
from the cooperation initiated by the employee, any
of the neighbors can also ask them for cooperation.
Because the cooperation is interpreted as an exchange
of part of the work, the requested cooperations V.. have
a similar effect to the added value as before, but seen
now from the opposite direction:

Vtr‘c = ij¢j7 (4)
J

where j corresponds to the j-th requested cooperation,
w; is the cooperation weight assigned to the co-worker
(co-worker’s w, ), and ¢; is the employee’s results of the
iterated PDG played with the j-th co-worker.

3.2.2. Stress Factors: Fulfilling the tasks is
stressful. We deal with two types of stress factors,
namely, inter-individual and intra-individual stress.
The impact of both types of stress on employees is
adjustable.

Inter-individual ~stress 1is associated with the
collaboration ¢ and its extent depends on the result of
the PDG for every simulation step.

Intra-individual stress results from the subjective
perception of the employee. The stress level of every
employee is updated relative to their current effort «.
The more effort an employee exerts, the more stress is
produced (regardless of productivity).

Stress regeneration is a mechanism incorporated
into every simulation step to counterbalance stress
production. The value of regeneration is adjustable by
the model.

Resistance to stress is conceived as a capacity to
withstand a certain amount of stress. If the total
increased stress is greater than the value of regeneration,
the stress level rises further. Once it exceeds the capacity
of the “stress container”, the employee becomes sick.
For the stress container, we assume a normal statistical
distribution among the population, similar to other
personality traits that are determined by numerous
independent factors.

3.3. Lattice of Employees

The employees are arranged in a square lattice,
as illustrated in Figure 1. At the beginning of each
simulation, the collaboration strategies of employees,
their productivity and stress limits are set up to meet the
desired parameters.

In the beginning, the company earmarks a budget
a € N for all employees. This budget may remain
the same for the whole simulation or it can be slightly
adjusted at every step, depending on the economic
performance of the employees. Then the simulation
algorithm performs the Simulation step of an employee
as discussed in Section 3.2 to calculate their values
added V;. The steps follow these rules:

* All employees have exactly eight neighbors. This
also applies to the employees at the edge of the
interaction plane, as the end of any row or any
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Figure 1. The visualization of the model. Each square represents an employee and their strategy (see Label in
Table 1). The gray color scale indicates stress level where darker gray refers to a higher level of stress, and the

yellow color implies that the given employee is sick.

column continues from the beginning of the same
row or column. The interaction place appears to
be a square but is in fact a torus (see Figure 1).

* The employees interact with their neighbors only.
Therefore, the V,.. contribution in Equation 4 is
calculated from at most eight co-workers.

A neighbor for the interaction is chosen randomly.
Sick co-workers are omitted, and their added
value V; is set to zero. Also, if there is no healthy
neighbor available for the cooperation, then the
added value V; of the employee is set to zero.

e The salary (; given to the i-th employee is
calculated from the distribution of the budget o
among all employees as follows:

B =22 )

n

where 7 is the number of employees in the
lattice. The performance p; represents a relative
efficiency of the employee compared to other
employees. Its value is set to 1 by default for
all employees, which ensures an even distribution
of the budget among them. However, the
management can influence this value based on the
results of an employee’s evaluation in a way that
prospective employees can be motivated by higher
salaries (see Equation 9 in Section 3.4).

The final profit generated by each employee is
calculated as a difference between their added value and

input salary: V; — (3;. The total of profits generated
by all employees during one simulation round, in a
chosen period, or continuously from the beginning of
a simulation, are observed during the simulation to
analyze the impact of the factors on the profit of the
company.

Apart from the inter-individual and intra-individual
stress factors discussed above, changes in salary [3;
represent an additional factor that affects stress. The
increase of the salary decreases the employee’s stress
and vice versa. The amount of stress caused by salary
change is modified by the employee’s stress capacity
— the greater the capacity, the higher the stress level
is increased or decreased. Moreover, the current salary
is taken into consideration during the stress calculation.
The lower the salary, the more stressful any further
reduction is, and conversely, a lower stress regeneration
is associated with any salary increase.

3.4. Management Insight and Intervention

3.4.1. Evaluation of Employees Behavior: After
a certain number of simulation steps, given by the
parameter evaluation period, the management evaluates
employees’ behavior taking into account two aspects:
cooperativeness and effort. The evaluation E; of i-th
employee is computed by the relation:

E, =w.C;+ (1 —w.)F;, (6)

where C; and F; are a cooperation-based insight and
an effort-based insight respectively, and 0 < w, < 1



is a weight, which enables us to prioritize C; and Fj.
Later in the paper, this weight is denoted as management
strategy.

Cooperative  employees are beneficial for
the company. To reflect this phenomenon, the
cooperation-based insight C}; is used by the management
to privilege cooperating employees:

Ci

Ci = wo—S—
w‘Ci +d; +

(1 - U)C)E, (7)

where c¢; is the number of cooperations that
the employee participated in during the management
evaluation period of one month, d; is the number of
defections, and 0 < € < 1 is a random number. The
weight 0 < w, < 1 reflects how much insight the
management has into the cooperativeness of employees:
0 means random decision (no insight at all) while 1
means that the management has precise information
about the cooperativeness of the employees. Employees
that are sick during the whole inspected period have no
cooperation so only a random number ¢ is used for them.

In a similar manner, the management can use
insights into the employees’ effort. The effort-based
insight F; is adjustable by the weight parameter 0 <
wy < 1, where 0 means "random decision’ (no insight)
and 1 means that precise information about the effort
of employees is available. The effort-based insight is
defined as follows:

> Wi
Fi =w
T maxy << (5 W;)

+ (1 —wype, (8)

where > W; is the added value that the i-th employee
accumulated during the inspected period, n is the
number of employees, and 0 < ¢ < 1 is a random
number.

For healthy employees, W; = V; and F; privileges
employees working harder than others, as expected.
However, sick employees produce V; = 0 which would
result in a penalization in the same way as healthy
employees are penalized for their zero effort. To prevent
this, W; of sick employees are set to their salary 3; so
that they are not directly penalized for being sick.

3.4.2. Impacton Salary: The resultof an evaluation
(see Equation 5) is involved in the salary distribution
process.  After every evaluation, the performance
parameter p; is re-calculated, taking into account the
evaluation result F; of the i-th employee compared with
the average evaluation value E,,,  of all employees:

E;
pi = pi + Pz‘(Ei — Dwp, )
avg

where 0 < w, < 1 is a parameter that defines the
intensity of the impact of the evaluation process on
employees’ performance.

3.4.3. Impact of employees’ substitution:
Management interventions based on the evaluation
process influence the stress of individual employees
and, consequently, their sickness. Repeatedly sick
employees leave the organization and are substituted.
The model also incorporates the substitution of
employees that have a low performance over an
extended period. The tolerance for sickness and low
performance are adjustable and are common for all
employees. This mechanism of substituting employees
can be seen either as firing an employee due to their
long-term poor performance or that employees left
the company because of frequent sickness caused by
non-cooperating co-workers or bad decisions of the
management which do not reflect the employee’s effort
sufficiently.

Unlimited substitution of employees would
be unrealistic because the number of available
workers on the job market is limited, depending on
the unemployment rate.  Furthermore, hiring new
employees usually brings additional costs to the
organization as newcomers require training and have
reduced performance during this period. To bring our
model closer to reality, we incorporated a penalization
for each employee being substituted by a newcomer.
This penalization reduces a company’s profit and
corresponds to additional costs related to the hiring
process and the training of new employees. The
amount of penalization is adjustable by a parameter
and also reflects the average salary of employees in the
organization.

4. Testing and Simulations

Our model has been implemented and evaluated
in the NetLogo [38] simulation environment. For
the repository with the source code, see [39]. Each
simulation included 3,600 simulation steps. Taking each
step as one day, the results of the simulations can be
seen as covering a period of ten years in the life of
an organization that is providing monthly evaluation
of employees with the consequent intervention of the
management. The values of the fixed parameters used
for the simulations are summarized in Table 3. For
any given simulation setting, 100 runs were executed to
obtain average values and eliminate possible bias caused
by any stochasticity of the simulation process.

The simulations covered the impact of management



Features of employees

w, cooperation weight 20%
k  effort 75%
0  productivity 2.8+0.1
stress limit 705

cooperativeness 4:1

The portion of assigned work to be done with a co-worker

Initial effort of all employees

Mean value and standard deviation of the distribution

Mean value and standard deviation of the distribution

Proportion of employees with cooperative vs. defective strategies

Features of the management
evaluation period 30 steps
patience 12

Frequency of the management intervention
Tolerance for repeated sicknesses or low-performance of the employees

Table 3. Fixed settings of simulations.

strategies on the economic performance of an
organization.  These results are presented in the
following section.

4.1. Impact of Management Strategies on
Profit

The two 3D scatter plots in Figure 2 provide an
overview of the impact of the management interventions
on the company’s profit. The horizontal axes represent
the insights that the management has into employees’
cooperation (insight into cooperation = w,. in the
model) and performance (insight into performance =
wy in the model) respectively, where 0 = no insight,
1 = absolute insight. The vertical axes encode the
management evaluation strategy w, from O (only the
performance of employees is taken into consideration)
to 1 (only the cooperativeness of employees is taken
into consideration), see section 3.4.1. The color of the
individual samples encodes the simulation results, as
depicted in the color bar on the right-hand side of the
figure. The darker hue of red indicates that a higher
profit has been generated by the organization at the given
settings.

A detailed analysis and visualization of the data lead
to the following observations:

* Focusing on cooperativeness and a sufficiently
deep insight into the cooperation result in the
highest value produced by an organization.

e The strategy based mostly on cooperativeness
(we > 0.8) can achieve an approximately 80-90%
performance level compared to the best result, as
long as the insight for cooperation is also high
enough (i.e. w, > 0.8). In such settings, the
impact of performance insights is weak, and its
particular value has no significant influence on the
total value of an organization.

e The lowest observed performance (below 10%
compared to the best result) is achieved by an

organization where the management has very
low or zero insight into both cooperation and
performance regardless of which aspect of the
work is preferred. Such a setting creates a
favorable environment for agents with defective
strategies whose population fluctuate around
30-40% of the total agent population, compared
to the initial 20%.

* Balanced strategies (w. = 0.5) can achieve a fair
relative performance (i.e. 60-70%) only if the
insight for cooperation is relatively high (w. >
0.7). When w, drops below 0.5, an organizations
performance does not exceed 50% of the best
result.

o Strategies that prefer to reward individual
performance (w, < 0.2) are performing poorly.
The results show that it is still better to reflect
cooperativeness at least a bit, as the company
can achieve 25-40% of the best performance
as long as the insight for cooperation is high
(w, > 0.6). A management strategy that
completely disregards cooperativeness of agents
(we = 0) can never perform better than
23% of the best result for wy = 0.6 while
higher values of w; result in an even lower
performance. Having precise information about
individual performance (wy = 1) accounts for only
approximately 13% of the best performance. In
other words, even when the management rewards
agents completely on their performance, it is
reasonable to tolerate fluctuation in an agent’s
performance which is achieved by a submaximal
insight for performance.

4.2. Impact of Management Strategies on
Stress

The scatter plot in Figure 3 encodes the impact
of management insight and the evaluation strategy
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Figure 3. The impact on sickness of the management insight and strategy.

on the total number of employees that have left the
organization due to frequent sickness. As sickness
correlates with stress, we can interpret these results also
as the impact on stress.

The rate of sickness is high when the management
strategy is focused on rewarding performance while the
insight for performance is low, or when the strategy aims
at rewarding cooperation and the insight for cooperation
is low. In other words, the two above-mentioned
rewarding strategies exhibit high levels of randomness,
resulting in a high level of stress among employees. See
Figure 3 for details.

4.3. Impact of Management Strategies on
Employment Fluctuation

Figure 4 depicts the impact of management
interventions on the fluctuation of employees. The
fluctuation is calculated as a total count of employees
that leave the organization, either due to repeated
sickness or to long-term underperformance.

As illustrated in Figure 4, a strategy of rewards that

aims to improve performance causes high fluctuation
when the insight for performance is also high.

5. Conclusions and Future Work

We have developed a multi-variable model based
on a prisoner’s dilemma game in the NetLogo
simulation environment. This model allows us
to study various aspects of cooperation among
employees in an organization. The key parameters
are organizational performance, employment fluctuation
resulting from stress level, sickness rates and the
individual performance of employees. We have
also implemented a concept of management strategy
which represents a decision how to reward employees’
cooperative behavior and individual performance. This
concept is extended by implementing a management
insight, i.e. a parameter describing the accuracy
of information that the management applies when
employees are rewarded. Less than maximal insight
can be perceived as a level of tolerance for rewarding
or punishing employees’ behavior.
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Our experiments have shown that management
strategies and the quality of insight into employees’
cooperativeness and performance has a significant
effect on both the organizational performance and the
employees’ wellbeing.  The highest organizational
performance is achievable in settings when the
management focuses on rewarding the cooperativeness
of employees. In comparison, focusing solely on
individual performance accounts for an organizational
performance approximately four times lower. The
lowest observed performance (less than 10% of the
highest result) is related to the situation when employees
are rewarded randomly. This situation also reports the
highest levels of stress. The employment fluctuation
reaches its peak when management prefers to reward
individual performance and have precise information
about it, therefore there is no tolerance for a suboptimal
performance of employees.

The experiments demonstrate the possibilities of our
model at their current state of development and provide
results that are general in nature. To obtain specific
results on which conclusions and recommendations for
an organization can be formulated, the parameters of the
model need to mirror the real situation in a particular
company. This can be a starting point for a case study in
future research.

The model can be further extended by implementing
a social network model where the interaction of
employees would be more complex, influenced by
the topology of a network, and exploring the
potential impact of more central agents on the overall
performance of the organization.

There are several other suggestions for future
versions of the model, such as the introduction of
organizational growth to reflect the economic prosperity
of the company, implementing a more realistic model of
employees’ productivity, involving personality types to

fit specific organizations, and to focus on the space and
distance between employees that may have an impact on
the quality of interactions.

Finally, the employment fluctuation algorithm can be
further developed. It should be possible to relocate the
employees or change their collaboration strategy before
they leave the organization. And a higher penalization of
a company for repeatedly dismissing employees could
be implemented to better simulate a situation where
there is low unemployment in the job market.
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