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Abstract

Emergent Behavior of the US Government Workforce:
An Agent-based Model of Worker Departure

Over the past few decades, the public sector has seen significant change in the
political and economic environment due to greater interdependencies between agencies
and the private sector, globalization, and rapid technological change. The resulting
uncertainty introduces a number of challenges such as demands for greater efficiency and

effectiveness, and a need to move towards more entrepreneurial practices.

Using the interdisciplinary approach of computational organization theory,
organizational theories of worker satisfaction and turnover were evaluated through the
use of agent-based modeling and validated with thirteen years of US government
employment data. In contrast to a traditional system engineering approach of
decomposition, the complex adaptive system approach focuses on the emergent behavior

of individual agents self-organizing and adapting.

The model demonstrates an evolutionary process of origination, diffusion, and
retention. Initially, the workforce population is unable to sustain small groups resulting in
high attrition rates across all population segments. As the average group size increases
the retirement eligible segment begins to balance with the onboarding of entry-level
workers creating stability. The model phenomenon confirms that groups of a critical size

improves employee satisfaction and lowers employee turnover.

v



Exhibiting the characteristics of a complex adaptive system, the emergent behavior of
group formation and the balancing of minimally satisfied and highly satisfied workers
reveals the impact of worker attributes and workforce composition. The incompatibility
of small group sizes with the demographics of the US government workforce establishes

the importance of understanding workforce composition and organizational design.
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Chapter 1 Introduction

After a decade of US Government growth, post 9/11, a new era of declining budgets
is forcing agencies to evaluate core capabilities, efficiency of operations, and
organizational constructs. Individual organizations may be optimized but macro-level or
“emergent” trends are not readily understood. Despite a vast array of computational
models, individual organizational theories remain fractured requiring integration and a
focus on emergent behaviors (Ashworth and Carley 2007).

In contrast to a traditional systems engineering approach of analysis through
decomposition of a system into subsystems assuming a stable environment, a complex
adaptive system approach is based on self-organization and emergent behavior (Sage and
Rouse 2009). Due to the complexity of large interconnected organizations and the
changing operating environment, this approach is the most appropriate to understand the
effects of worker departure. Building on existing research and frameworks for complex
adaptive systems and computational organizational theory, an agent based modeling
technique is well suited to evaluate the complex adaptive nature of an organization

(Robertson and Caldart 2008).

1.1 Objective

The objective of modeling worker behavior with a complex adaptive system approach
is illustrating holistic behavior based on localized rules and the significance of self-
organization. Using over a decade’s worth of publicly available personnel data from US
government agencies as a guide, an agent-based model (ABM) has been constructed

assessing emergent behavior based on the satisfaction of workers and the workforce



environment. The model aims to understand the emergent behaviors of employee
turnover and employee satisfaction and the effects of turnover on the organizational

composition.

1.2 Relevance

Over the past few decades, the public sector has seen significant change in the
political and economic environment due to greater interdependencies between agencies
and the private sector, and rapid technological change (White 2000). The resulting
uncertainty introduces a number of challenges such as demands for greater efficiency and
effectiveness, and a need to move towards more entrepreneurial practices (White 2000).

In addition to the challenges of external changes, the U.S. Federal Government is
projected to lose a significant portion of its workforce through attrition, primarily due to
retirement (OPM 2008), amounting to five hundred thousand senior managers over the
course of several years (Trahant 2008). Understanding the complex dynamics of the
workforce across career and life stages is critical to fostering sustainable operations that

are effective and efficient.

1.3 Organization of the Dissertation

The dissertation is organized into six chapters including: introduction, literature
review, methodology, model overview, analysis and discussion, and conclusion.
Conceptually, the document provides the theoretical basis for studying the emergent
behavior of a workforce, the associated research framework and simulation methods, the
details of an agent-based model, and an analysis of the simulation results elaborating on

the theory.



Chapter 2, literature review, provides an evaluation of the relevant theories and
empirical data associated with modeling the behavior of a workforce. The theories are
related to organizational computation, complex adaptive systems, and organizational
principles with a focus on groups, worker turn over, and career stages.

Chapter 3, methodology, describes the use of simulation as a research method and
details a framework for organizational simulation. The agent-based modeling approach
associated with modeling emergent behavior draws from fields of study including
systems theory, engineering, economics, and natural sciences. The research framework is
rooted in computational organization theory and is specific to modeling a workforce
population.

Chapter 4, model overview, design concepts, and details, follows a standard
methodology for describing an agent-based model with the goal of providing complete
transparency into the model’s design and implementation. Additionally, the source code
of the modeling is provided in the appendix.

Chapter 5, analysis and discussion, provides the results of simulation scenarios and a
discussion of the emergent behavior. The chapter is separated into two section focused on
a model of workers without replacement, and a model with replacement. The model
without replacement predominantly focuses on the initial group formation. Building on
the group formation concepts, the model with replacement focuses on the effects of new
workers, worker retirement, and groups over time. Additionally, a validation of each
model is provided.

Lastly, Chapter 6, conclusion, discusses the limitations of the research, provides

recommendations for future research, and a concluding discussion.



Chapter 2 Literature Review

Studying the emergent behavior of worker departure draws on the existing research
across a broad spectrum of fields, spanning from systems theory, natural sciences, game
theory, artificial intelligence, and mathematics to organizational sociology and
psychology. The specific areas of computational organization theory and complex
adaptive systems (CAS) are inherently interdisciplinary and the most relevant to
simulating worker departure through agent-based modeling. In addition, research
concerned with organizations, groups or teams, and individual behavior provides the
underpinning for the simulation parameters and assumptions. Using an agent-based
modeling approach, the individual behavior literature on the study of turnover, and career
or life stages is critical and directly supports the agent traits. Lastly, an overview of the
U.S. government workforce has been incorporated to provide context to the empirical

data set.

2.1 Computational Organization Theory (COT)

The field of computational organization theory (COT) is an interdisciplinary research
approach integrating organization theories, empirical findings, and computational
analysis coupled with computer simulation (Sage and Rouse 2009). In support of
simulation, Ostrom (1988) identifies five dilemma’s facing social behavior theory
development due to complexity including: single dependent variables do not sufficiently
address the dynamics of multifaceted phenomena; verbal theories cannot adequately
describe the emergence of roles and structure within group processes; latent variables

cannot be observed directly; interdependent variables cannot be analyzed concurrently;



and observing behavior over time is problematic due to feedback processes that expose

the four previous dilemmas (Ostrom 1988).

2.1.1 History of COT

The application of computer simulation to social systems spans three periods of
development over the past fifty years including: macro-level, micro-level, and agent-
based models (Macy and Willer 2002). Beginning in the 1960s, macro simulations,
typically based on sets of differential equations, were used to forecast phenomena such as
population demographics or traffic (Macy and Willer 2002). Micro simulations began in
the 1970s with the a ‘bottoms up’ approach focused on modeling individual processes in
a socially isolated fashion (Macy and Willer 2002). Agent-based models emerged in the
1980s differentiated by the ability of agents to act autonomously, behave with
interdependence, follow simple individual rules, and adapt (Macy and Willer 2002).

The field of computational organization theory was formalized with the founding of
the Journal of Computational Organization Theory (CMOT) in 1995 and continues to be
influential (Meyer, Zaggl et al. 2011). Organizational modeling within the last ten years
has “come of age” due to the rapidly declining time and cost of creating models, the
establishment of scalable development platforms, and the integration of organizational

modeling into conventional educational programs (Levitt 2004).

2.1.2 Modeling and Computational Analysis

Computational modeling or computer simulation is a form of mathematical modeling
usually employed when a closed form solution is not available (Carley 2009). The

simulation models supporting the computational analysis of organizational theory can be



organized into three comprehensive categories including agent-based models, expert
systems, and mathematical models (Ashworth and Carley 2007). Complex system models
are among the most common forms of computational models consisting of agent-based
models and system dynamics models (Carley 2009).

Agent based models use a specific technique of simulating autonomous agents
allowing for modeling of complex phenomena and interactions (Safarzyska and van den
Bergh 2010). Agent-based models originated from within the field of artificial
intelligence (Gilbert and Terna 2000) and the modeling technique is well suited to
evaluate the complex adaptive nature of an organization (Robertson and Caldart 2008).

System dynamics modeling is a technique consisting of causal loops simulating
stocks and flows that can model complex relationships. System dynamics modeling
originates from cybernetics and industrial dynamics developed by Forrester (1958)
(Bérard 2010). In economics, models have been constructed to simulate innovation
processes, pricing strategies, the timing of research and development, consumer behavior,
and competition (Milling 2002). Relative to social behavior, the system dynamics of
decision making have modeled based on the heuristics of behavioral decision theory
(Sterman 2000) Recently, system dynamics has been combined with other systems
approaches, such as soft systems methodology, to better model complexity (Rodriguez-

Ulloa and Paucar-Caceres 2005).

2.2 Complex Adaptive Systems Theory (CAS)

The study of complex adaptive systems (CAS) is rooted in the field of complexity

theory popularized by the American Interdisciplinary Santa Fe Institute founded in 1984



(Goldstein 1999), and the European group originating from work by Prigogine (1955)
and others (Benbya and McKelvey 2006).

In terms of systems theory, complexity can be understood in the following three
ways: characterized by autonomous entities or agents that self-organize and adapt to the
environment of a continuously evolving larger system (Sage and Rouse 2009);
characterized by a distributed system without central organization with many
interconnected parts; and characterized by unpredictable behavior (Fuchs 2003).
Complexity theory with respect to organizational theory has a broad spectrum of
concepts. An analysis of organizational theory research related to complexity theory by

Wallis (2009) differentiated forty-seven concepts (Wallis 2009).

2.2.1 ‘Micro’, ‘Macro’, and ‘Meso’

The emergent behavior of a complex adaptive system is the ‘macro’ level phenomena
of a population resulting from the ‘micro’ level decisions of individuals. The ‘meso’ level
of the system refers to groups smaller than the population; the ‘critical masses’ of self-
organized individuals within institutions (Elsner 2010). The process of change or
evolution at the ‘meso’ level is termed the ‘meso trajectory’ consisting of three phases:

‘origination’, ‘diffusion’, and ‘retention’ (Dopfer, Foster et al. 2004).

2.2.2 CAS Characteristics

A review of CAS literature by Alaa (2009) yields fifteen characteristics or principles
including: a large number of components, variation and diversity, connectivity and
interdependence, far-from equilibrium, unpredictability and non-linearity, adaptation to

environment, interactions, feedback, learning, path-dependence, self-organization, and



coevolution . Extending Alaa’s characteristics with research from organizational science,

computational science of evolutionary models, and emergence, additional characteristics

are considered including: emergence and complex patterns, creation of new order and

diffusion, attractors, reflexivity, lock-in, and bounded rationality. A summary of the

characteristics with the associated research is provided in Table 2-1.

Table 2-1 Extending Characteristics of Complex Adaptive Systems (Alaa 2009)

Organizational

Computationa

Emergence Complex Adaptive Systems Theory Theory
Benbya, Safarzyska, K.
Mitleton-| H. and B. | Bergmann and)J. C.van
Alaa, G. |Goldstein, | Kelly, E. [McKelvey |Lichtenstein, | Anderson, P. den Bergh
(2009) | J.(1999) | (2003) | (2006) | B. M. (2000) (1999) (2010)

Emergence/Complex
patterns

X

X

X

X

X

Self-organisation/
Creation of New Order/
Selection/ Diffusion

Attractors

Coevolution/
reflexivity

Autopoiesis/
self-production

Non-linearity

Complexity

Large number of
components

Diversity/Variety

Feedback

Connectivity/
Interdependence

Far-from-equilibrium/
Dissipative

Path Dependence/
Lock-in

Historicity/Time

Adaptation/Learning

Bounded Rationality




A detailed delineation of additional research assimilated across facets of
organizational theory, systems and scientific theory, and computational methods or

theory is provided in Appendix A.

2.2.2.1 Organizational Emergence

The concept of emergence is defined across various fields of study including natural
sciences, systems theory, and social sciences. The characteristics of emergent entities
from natural sciences includes: the existence of hierarchy; ‘higher order laws’;
‘unpredictable novelty’; ‘irreducibility’; and ‘multiple realization’ (Golds and Kay 2010).
Irreducibility is defined as the inability to the reduce a system and reproduce the behavior
using mathematics (Boschetti and Gray 2007). From systems theory, emergence refers to
the principles of ‘Holism’ (viewing a system as whole and not a collection of
components); the presence of positive and negative feedback; and ‘boundary conditions’
(Golds and Kay 2010). In an organizational context, emergence refers to the structures or
patterns that form during the process of self-organization in complex systems (Goldstein
1999). A review of self-organization in recent management literature yields two major
themes including: the creation of organizations without external control, and the
cooperation of individuals to achieve a shared goal (Mahmud 2009).

As depicted by Goldstein (1999) in Figure 2-1 the mathematical and scientific roots
of emergence, CAS, computational theory, and nonlinear dynamical system directly

support emergence in self-organizing systems.
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Figure 2-1 Mathematical and scientific roots of emergence (Goldstein 1999)

2.2.2.2 Self-organization, Multi-level Evolution, and Group Selection

Self-organization encompasses processes of variation, selection, feedback, multi-level
evolution, and group selection (Safarzyska and van den Bergh 2010). The non-linear
interactions of large numbers of agents or components involving positive feedback loops
overcome weaker behaviors leading to grouping and emergent higher level structures
(Anderson 1999).

As depicted in Figure 2-2 social self-organization is characterized by agents acting
and resulting structures constraining and enabling the agents in an interdependent fashion

(Fuchs and Hofkirchner 2005).

10



Structures

Social

Acting Self- Co(ilstralljr;}ng
organization and €nabling
Agents

Figure 2-2 Self-Organization in Social Systems (Fuchs and Hofkirchner 2005)

2.2.2.3 Far-from equilibrium and Dissipative structure

The concept of far from equilibrium originates from the study of thermodynamics,
where the second law of thermodynamics applies to closed systems reaching a fixed
equilibrium, dissipative structures occur when an open system state is maintained far
from equilibrium with the addition of new energy (Anderson 1999). The term
“dissipative structures” refers to configurations where injected energy is lost
(Lichtenstein 2009). Dissipative structures are associated with self-organization and the
creation of new order and increasing complexity preventing the system from devolving
into random behavior (Liu 1996). Applying far-from-equilibrium theory to organizations,
organizational change referred to as “revolution to evolution” (Greiner 1972)
demonstrates cycles of stability and chaos yielding new structures and stages of
development (MacIntosh and MacLean 1999). In contrast to traditional in-equilibrium
assumptions providing for tractable solutions, a system out of equilibrium shows

perpetually ‘novel behavior’ without arriving to a steady-state (Arthur 2006).

2.2.2.4 Non-linearity and unpredictability

11



The assumptions underlying a non-linear dynamic system (NDS) directly supporting
the behavior of complex adaptive systems include: change is a constant; the system is not
reducible to its parts; mutual dependence; and behavior is non-proportional.

(Bergmann Lichtenstein 2000). The concept of constant change is aligned with the far-
from-equilibrium theories and depiction of a dynamic system not reaching a steady-state
or cyclical equilibrium (Anderson 1999). Fundamental to the bottoms-up approach of
CAS, micro or local agents interact with simple rules creating macro level phenomena
that cannot be explained by any single agent. This approach is consistent with the NDS
assumption of non-reducibility. The assumption of a non-linear dynamic system being
non-proportional refers to the effect of small input changes having large effects on

output, or large inputs having little effect on outcome (Bergmann Lichtenstein 2000).

2.2.2.5 Coevolution

The concept of coevolution refers to the two or more systems or organizations related
to each other affecting the evolution of one another (Safarzyska and van den Bergh
2010). Coevolution occurs when individuals are required to continuously adapt due to the
strategies of another individual (Kim and Kaplan 2006). This mutual dependency
between entities and the effect on an overall organization is different from just adaption
to an environment, implying each individual can influence the overall organization
(Mitleton-Kelly 2003). As detailed by Lewin and Volberda (1999), the nature of
coevolution includes: adaption over long periods of time, path dependencies,
‘multilevelness’, ‘multidirectional causalities’ , non-linearity, positive feedback, and path

dependence (Lewin and Volberda 1999).

12



2.2.2.6 A large number of components

A common feature to all complex adaptive systems is a great number of components
interacting simultaneously (Holland 1992). The complexity is dependent on the number
of components and the connections between the components (Fuchs 2003). This
magnitude of interactions across large number of elements underlies the emergent

behavior and phenomena such as non-linearity and unpredictability.

2.2.2.7 Variation and diversity

Variation is fundamental condition required for adaptation in a complex adaptive
system (Axelrod and Cohen 2008). Diversity can be formalized based on individuals
changing strategies, ‘individual behavior mixing’, or varying individuals with different
constant behaviors (Safarzyska and van den Bergh 2010). Within agent-based models, a
combination of both varied individuals and changing behavior over time may be

represented (Safarzyska and van den Bergh 2010).

2.2.2.8 Connectivity and Interdependence

In social systems, the concept of connectivity and interdependence refers to the
impact of an individual’s action on the entirety of an organization, group, or system
(Mitleton-Kelly 2003). Drawing from natural sciences, the degree of connectivity
determines the influence of an individual on related individuals and the strength of
propagation (Mitleton-Kelly 2003). The greater the interdependence the wider the effects

of an individual will have throughout the environment (Mitleton-Kelly 2003).

2.2.2.9 Feedback

13



The study of feedback originates from the field of cybernetics and a focus on
modeling interactions (Anderson 1999). Feedback, from a systems dynamics perspective,
is traditionally defined as positive or negative, with positive feedback reinforcing a
behavior and negative feedback moderating a behavior generating stability (Mitleton-
Kelly 2003). Feedback is a key characteristic of a complex adaptive system preventing
the isolation of individual entities and reduction of the system to analyze system level

behavior (Anderson 1999) .

2.2.2.10 Bounded Rationality

The concept of bounded rationality (Simon 1958) relates an individual’s limitations
in assessing the complexity of their environment and the uncertainty of future
circumstances to a deterministic set of behavior (Safarzyska and van den Bergh 2010).
In line with the notion of bounded rationality, the adaptive behavior of agents within a
CAS seek to improve their own fitness without regard to the macro-level conditions of

the overall organization (Anderson 1999).

2.2.2.11 Adaptation

The NK model (Kauffman 1993) formulated by Stuart Kauffman structures the
adaptation and selection process through an analytic model of an organization with N
attributes and K interaction between attributes establishing a fitness landscape. (Levinthal
1997). Within an organization, adaptation is the result of individual agent actions
attempting to improve their fitness (Anderson 1999) consistent with the concept of

bounded rationality.
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2.2.2.12 Path-dependence and lock-in

Path dependence (Arthur 1994) refers to the positive and negative feedback loops that
foster expansion and stability (Mitleton-Kelly 2003). Originating from economic theory,
a positive feedback loop is associated with growth to the point of diminishing returns
where negative feedback stabilizes the behavior (Kuosa 2007). Path dependence builds
on the events of the past reinforcing the early adoption of a specific behavior or

environment resulting in a ‘lock-in’ to that condition (Arthur 1989).

2.2.2.13 Attractors and Bifurcation

Drawing from chaos theory and non-linear dynamical systems, attractors refers to
entities that dominate a system and create a new order when a system bifurcates.
(Goldstein 1999) Within the field of mathematics, bifurcation theory concentrates on the
effect of small parameter changes to overall system behavior (Hazy and Ashley 2011).
In the context of complex adaptive systems, evolving processes that appear to be random

may revolve around attractors in a deterministic fashion (Anderson 1999).

2.2.2.14 Historicity and Time

Within complex adaptive systems, the aspect of time is fundamental to the underlying
behavior and emerging phenomena. A strong dependence on time is integral to the nature
of a complex system (Bérard 2010). Time is particularly relevant to the interdependencies

of agents as they interact over time, adapt, and coevolve (Mitleton-Kelly 2003).

2.3 Organizational Theory
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Extensive research has been conducted on work groups or teams in the fields of
psychology and sociology throughout the twentieth century. Drawing from sociology, the
major theories related to organizations over the last 50 years are summarized into the
concept of dualism (rational and natural systems). For purposes of evaluating the US
government workforce, a subset of research related to the concept of a firm is most
relevant. From the various domains of psychology, the dynamics of a group can be
broken down into the areas of leadership, roles, processes, and decision making or
problem solving. The processes aspect of groups is the most applicable research to the
behaviors being evaluated. Lastly, the behavior and functioning of an individual is
characterized by the research in personality and cognition. The subset of research on
individual behavior concerned with career stages and the aspects or causes of turnover
are the most significant to evaluation of worker departure. The following concept map,
Figure 2-3, depicts the interdependencies of the organization, the group, and the

individual and the corresponding areas of research considered:

Organization

Dualism/Paradox: Rational system and Natural system

> Work Group or Team

el

;

3 Leadership Group Roles
5 Processes

]

0 Problem Solving Decision Making

Psychology

Personality =~ Cognition

Figure 2-3 Concept Map of Organizational Theory
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2.3.1 Organization

W. Richard Scott’s “Reflections on a Half-Century of Organizational Sociology”
provides an overview of the emergence of organizational sociology and current trends.
Prior to the 1930s, the study of organizations was dominated by industrial engineering
and operations research (Scott 2004). Barnard (Barnard 1938) and Selznick (Selznick
1948) were among the first scholars to focus on organizations as not only production
systems but adaptive social systems (Scott 2004). This duality was firmly established
throughout the 1950s with Gouldner (Gouldner 1959) concept of "rational system" and
"natural system", and Blau (Blau 1955) focus on the “dilemmas” of bureaucracy (Scott
2004). As the field matured, sociology began to integrate concepts from other fields, such
as economics with transaction costs, and complexity with network theory (White,
Boorman et al. 1976), (Scott 2004). A Behavioral Theory of the Firm (Cyert and March
1963) greatly influenced organizational science fostering organizational learning theory
and evolutionary economics utilizing the prescribed tenets of developing process oriented

models and linking the models to empirical observations (Argote and Greve 2007).

2.3.1.1 Organizational Life Cycle

The organizational life cycle is depicted by four stages of development:
‘entrepreneurial’, ‘collectivity’, ‘formalization’, and ‘elaboration’ (Daft 1998). The
entrepreneurial stage age is at the onset of an organization characterized by creativity and
the need for leadership during rapid growth and change (Daft 1998). The collectivity
stage centers around establishing hierarchy, leadership with direction and goals, and the
need to delegate (Daft 1998). The formulization stage initiates more formal procedures

and bureaucracy with systems for controlling activities denoted as ‘red tape’ (Daft 1998).
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Lastly, the elaboration stage looks to reduce bureaucracy in order to more effective by
collaborating across the hierarchy (Daft 1998). Consistent with the ‘meso trajectory’ of
complex adaptive systems, underlying the organizational life cycle and the maturation
process, the evolution of rules or norms follow the process of ‘origination’, ‘diffusion’,

and ‘retention’ defining the behavior within the organization(Ostrom and Basurto 2011).

2.3.1.2 Organizational Structure

A review of organization theory literature over the past fifty or more years by Nissen
(2007) yields over thirty distinct organizational forms (Nissen 2007). The grouping of
organizational forms by Mintzberg (1979) provides a broad classification of forms
including: ‘Simple Structure’, ‘Machine Bureaucracy’, ‘Professional Bureaucracy’,
‘Divisionalized Form’, and ‘Adhocracy’ (Nissen 2007). Each organizational form
captures the degree of hierarchy and the nature of the work through organization
elements (operating core, strategic apex, middle line, techno-structure, and support staff),
forms of coordination (mutual adjustment, direct supervision, standardization of work
processes, outputs, and skills), and design elements such as unit size and grouping

(Nissen 2007).

2.3.2 Work Groups or Teams

Group behavior has been studied in the field of psychology with influential works as
far back as the 1920s by Follet and Mayo (Senior and Swailes 2004). The systematic
study of behavioral roles in groups came out the work of Benne and Sheats (1948) and

Bales (1950) identifying categories of roles spanning from task-management to

18



interpersonal (Hobson, Strupeck et al. 2010). Table 2-2 (Blenkinsop and Maddison 2007)
summarizes various role frame works developed over the past 50 years:

Table 2-2 History of Team Role Frameworks (Blenkinsop and Maddison 2007)

No of
Team
Author Year roles  Description
Benne and 1948 27 Group task roles and individual roles
Sheats
Bales 1955 12 Positive and negative interpersonal and task roles
Belbin 1981 8 Company Worker, Chairman, Shaper, Plant, Resource

Investigator, Monitor-Evaluator, team Worker and
Completer Finisher

Woodcock 1989 12 Leader, Challenger, Expert, Ambassador, Innovator,
Diplomat, Conformer, Output-Pusher, Quality-
Controller, Supporter, Reviewer, Judge

Parker 1990 4 Challenger, Contributor, Communicator and
Collaborator

Belbin 1993 9 Added the role Specialist

Senior 1998 6 Variation on Belbin Roles

The historic focus of research on the effectiveness of teams has been rooted in system
models that process inputs and outputs (Ilgen, Hollenbeck et al. 2005). The input-
process-output (I-P-O) model was established through the works of Steiner (1972) ,
McGrath (1984), and Hackman (1987) (Ilgen, Hollenbeck et al. 2005). The concept of a
team as an adaptive dynamic system has generated new theoretical models (McGrath,
Arrow et al. 2000) which account for input and outputs over time with varying
environments (Ilgen, Hollenbeck et al. 2005). Studying adaptive teams has led to
computational models to understand the complexities of team behavior (Ilgen,
Hollenbeck et al. 2005).

The study of group dynamics arising from the field of social psychology has shown

the formation of groups to be chaotic and disjointed (Katz 1993). Group size effects the
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communication effectiveness between members, the tendency towards hierarchy, and
relationship between groups (Morgan, Morgan et al. 2010). Importantly, the collective
performance of a group is better in groups that are more cohesive, have worked together

longer, and have shared values (Morgan, Morgan et al. 2010).

2.3.3 Individual

The research on individual behavior relevant to the workplace focuses on cognition
and personality. The psychological research on the cognitive capabilities of managers and
employees stems from the fields of human factors and organizational psychology
(Hodgkinson and Healey 2008). Studies on individual career and life stages and turnover
directly support the factors considered in modeling work departure.

Human Factors spans engineering psychology, human performance, and ergonomics.
The notion of schema or long term memory (Bartlett 1932) and mental models (Craik
1943) led to the analysis of skilled performance in terms of human information
processing (Hodgkinson and Healey 2008). This research focused on complex industrial
processes and systems until Card et al.’s (1983) research initiated the “era of human
computer interaction” (Hodgkinson and Healey 2008). This interaction has now evolved
in a complex workplace with human factors researchers adopting the (Zhang and Norman
1994) cognitive engineering approach (Hodgkinson and Healey 2008).

The field of organizational psychology originated with Simon’s (1947) notion of
bounded rationality which led to the concepts of rational decision making (March and
Simon 1958) based on available information (Hodgkinson and Healey 2008). The field
evolved with the development of attribution theory (Kelley 1967), study of heuristics and

biases and influence on judgment (Tversky and Kahneman 1974), social identity theory
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(Tajfel and Turner 2001), and the influence of backgrounds and values and beliefs
(Hambrick and Mason 1984), (Hodgkinson and Healey 2008).

The “Big Five” model of personality (Norman 1963), extraversion, emotional
stability, agreeableness, conscientiousness, and culture can be traced back to research as
early as the 1930s with McDougall (1932) (Barrick and Mount 1991). Five factor models
continued evolving for over 40 years through work of Fiske (1949), Tupes and Christal
(1992), and Hakel (1974) (Barrick and Mount 1991). Remarkably, research has widely
adapted the 5 factor model and demonstrated validity across various theoretical

frameworks and across different cultures (Barrick and Mount 1991).

2.3.3.1 Career and Life Stages

There have been numerous studies of investigating the effects of career stages and
age on an individual’s commitment to the workplace and overall career development
(Ornstein, Cron et al. 1989). The Super model of career stages (Super 1957) defines a
worker’s career by the following four stages: ‘exploration’, ‘establishment’,
maintenance’, and disengagement’(Low and Bordia 2011). Levinson’s model of life
development (Levinson 1978) consists of four ‘life eras’ including: early childhood (up
to twenty years ago), early adulthood (twenty to forty years old), middle adulthood (forty
to sixty years old), and late adulthood (over sixty) (Ornstein, Cron et al. 1989). Bridging
the transitions between stages, career adaptability is a central theme to career
development and coping with the uncertainty of the workplace (Savickas 1997).

The ‘exploration stage’ is defined by a worker’s first entry into the workforce and an
assessment of whether the work is interesting (Low and Bordia 2011) and aligns to the

beginning of the early adulthood. Notably, studies of new employees indicate unusually
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high turnover of about fifty percent (Holton 2001). The ‘establishment’ stage is denoted
by a worker’s adaption to the organization and a greater focus on career progression
(Low and Bordia 2011) and aligned to the end of early adulthood progressing to the
greatest level of organizational commitment (Ornstein, Cron et al. 1989). The
‘maintenance’ stage begins the leveling off of performance and a worker’s focus on
stability and minimizing change (Low and Bordia 2011) and associated with middle
adulthood (Ornstein, Cron et al. 1989). Lastly, the ‘disengagement’ stage is associated
with a worker’s transition into retirement with steady loss of commitment to the

organization (Low and Bordia 2011) and late adulthood (Ornstein, Cron et al. 1989).

2.3.3.2 Turnover

The organization theory pertinent to worker departure is concerned with employee
turn-over or attrition. The study of employee turnover has been of considerable focus
since the early twentieth century yielding hundreds of quantitative studies (Cotton and
Tuttle 1986). A recent meta-analysis of employee turnover confirmed the established the
established precursors and associations of employee turnover such as job satisfaction,
demographics, organization and work environment factors, and the nature of the job with
the best predictor of employee-turnover being job satisfaction (Griffeth, Hom et al.
2000).

One facet of employee turnover critical to understanding the emergent behavior of
self-organizing is the effects of groups on employee departure. Studies on group-oriented
culture empirically support that group-oriented culture is associated with higher job
satisfaction and lower employee turnover (Mohr, Young et al. 2012). In a study of job

satisfaction by Moynihan and Pandey (2007), group culture is shown to positively and
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significantly be associated with job satisfaction, organizational commitment, and job
involvement (Moynihan and Pandey 2007). On the other hand, a decline in group
functioning occurs with large turnover of workers as the group member acclimate to the
new members (Carley 1992).

With respect to team size, research has found individuals within large teams to be less
satisfied due to the psychological distance between members (Pearce and Herbik 2004).
Although, a study by Pearce and Herbik (2004) on team commitment did not find team
size significantly affected team behavior concluding that optimal team size varies based

on the nature of the task (Pearce and Herbik 2004).

2.4 Empirical Data Set: U.S. Government Workforce

The US Office of Personnel Management provides the personnel records for ninety-
six percent of the Federal government spanning the past fourteen years for five hundred
agencies. The dataset is exclusively Federal workers and exclusively civilian workers
covering the Executive Branch with the exclusion of the Postal Service and many
intelligence agencies. Evaluating over twenty-six million records, ninety-three percent of
the employee population is within twenty-one large agencies with an average of one point
eight million employees per year. Within each of the agencies, a range of one to sixty-
four sub-agencies are delineated. For each of the employees, a record includes: location,
occupation, salary level, pay grade, gender, age, and tenure. An initial evaluation has
identified forty-two occupations within five broad engineering or technical disciplines
including engineering, information technology, logistics, math, and management. The

employee population consists of three hundred and seven thousand to three hundred and
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seventy thousand technical or management employees from 1998 to 2011. The details of

US government workforce empirical dataset are provided in Tables 2-3 and 2-4.

Table 2-3 Empirical Data Set: U.S. Government Workforce by Year

Federal Government (96%) Agencies with over 10,000 Employees (93%)

Fiscal Year | Agencies SubAgenciedEmployees Fiscal Yr. | Agencies SubAgencieJEmployees
1998 115 512 1,810,341 1998 20 392 1,734,617
1999 111 509 1,772,333 1999 20 391 1,696,259
2000 115 508 1,762,559 2000 20 387 1,690,716
2001 116 512 1,772,533 2001 20 389 1,700,435
2002 116 511 1,819,107 2002 20 387 1,747,072
2003 115 520 1,848,378 2003 21 397 1,786,047
2004 120 528 1,856,441 2004 21 401 1,794,253
2005 120 536 1,860,949 2005 21 407 1,798,340
2006 118 530 1,852,825 2006 21 404 1,788,593
2007 119 531 1,862,404 2007 21 404 1,799,821
2008 120 522 1,938,821 2008 21 394 1,874,172
2009 122 527 2,038,183 2009 21 397 1,971,431
2010 124 537 2,113,210 2010 21 405 2,042,012
2011 124 541 2,130,253 2011 21 408 2,057,298

Average 118 523 1,888,453 Average 21 397 1,820,076
Total Personnel Records: 26,438,337 Total Personnel Records: 25,481,066

Table 2-4 Empirical Data Set: U.S. Government Workforce by Agency in 2011

# of # of Sub-

Agencies Employees| agencies
AF-DEPARTMENT OF THE AIR FORCE 178,279 64
AG-DEPARTMENT OF AGRICULTURE 105,126 31
AR-DEPARTMENT OF THE ARMY 283,837 53
CM-DEPARTMENT OF COMMERCE 47,626 14
DD-DEPARTMENT OF DEFENSE 112,534 30
DJ-DEPARTMENT OF JUSTICE 116,273 12
DL-DEPARTMENT OF LABOR 16,298 21
DN-DEPARTMENT OF ENERGY 16,381
EP-ENVIRONMENTAL PROTECTION AGENCY 18,777
GS-GENERAL SERVICES ADMINISTRATION 12,739 18
HE-DEPARTMENT OF HEALTH AND HUMAN SERVICES 85,642 14
HS-DEPARTMENT OF HOMELAND SECURITY 198,242 13
HU-DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 9,758 31
IN-DEPARTMENT OF THE INTERIOR 77,225 11
NN-NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 18,632 10
NV-DEPARTMENT OF THE NAVY 199,594 21
ST-DEPARTMENT OF STATE 12,595 1
SZ-SOCIAL SECURITY ADMINISTRATION 67,136 1
TD-DEPARTMENT OF TRANSPORTATION 57,721 13
TR-DEPARTMENT OF THE TREASURY 106,403 13
VA-DEPARTMENT OF VETERANS AFFAIRS 316,480 34

Grand Total 2,057,298 408
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Chapter 3 Methodology

Modeling through simulation is the applied method for studying the effects of worker
departure on organizational composition and groups. Due to the complexity of social
phenomena, simulation has been recognized as a third approach to developing theory

alongside verbal articulation and mathematics (Ostrom 1988).

3.1 Simulation

Simulation has been widely accepted as a methodology in the natural sciences and
engineering. Complex system models such as Kauffman’s model (NK), Arthur’s model
of lock-in, Von Neumann Neighborhood, may be tailored to incorporate new theories
across various disciplines (Leydesdorff 2002). Simulation has more recently been
adopted for organizational or social theory due to the development of agent-based models
(Gilbert and Terna 2000).

Social science experiments traditionally focus on either macro level theories within
sociology or micro level theories within psychology (Levitt 2004). Agent-based models
bridge micro and macro theories by modeling individual behavior and validating the
model against macro-level empirical data (Levitt 2004). Therefore, the empirical
validation of agent-based models is performed at the individual level and at the aggregate
level (Marks 2007).

The modeling process entails formulating the research question; assembling
hypothesis for essential processes; choosing scales, processes, and parameters;
implementing the model; and analyzing and testing (Railsback and Grimm 2011). An

agent-based model introduces specific requirements for computation including:
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individual entities seeking a goal in an autonomous fashion; flexible behavior able to deal
with uncertainty, and the interaction between agents (Yilmaz 2006), and the absence of
any centrally controlled of behavior (Richiardi 2012). Accordingly, agents are defined as
individual, unique, and autonomous entities that can interact with each other and their
local environment (Railsback and Grimm 2011).

Netlogo (Wilensky 1999) is the specific tool employed in the worker departure
simulation. Netlogo is a simulation tool for modeling complex systems evolving over
time. The tool utilizes a multi-agent programming and modeling environment to instruct
large numbers of concurrently operating independent agents (Tisue and Wilensky 2004).
In comparison to other agent-based modeling tools, Netlogo was selected due to being
well supported in the academic community and due to enabling the expedient creation of
models (Robertson 2005).

The overarching behavior of the simulation of worker departure is based on
Schelling’s segregation model (Schelling 1971) and introduces the concept of career
stages and collective worker satisfaction. Each agent has assigned preferences of
satisfaction and an attribute of satisfaction which fluctuates based on the agents in their
surroundings. Using a basic seeking behavior, groups form and evolve based on the

actions of the individuals creating ‘neighborhoods’ of agents.

3.2 Research Framework

A rigorous analysis of organizational simulation models by Ashworth and Carley
(2007) assessed organizational simulations from the period of 1989 to 2003 and
characterized the models based on 245 capability evaluation factors (Ashworth and

Carley 2007). The framework consists of fifteen traits within the following constructs:
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inputs (resources, history, culture and environment), transformation processes
(composition, organization context, psychosocial traits, informal networks, interactive
processes, and technology), outputs (performance, attitude, and behavior), and linkages
(strategy and action) (Ashworth and Carley 2007). The relationships between the
constructs within the organization simulation framework are illustrated by Ashworth and

Carley (2007) in Figure 3-1.

Inputs Transformation Processes Outputs

Organization

ext Performance

Resources

Environment
Culture

Psychosocial Interactive
Traits Processes

Extemal
Environment

Figure 3-1 Organization Simulation Framework (Ashworth and Carley 2007)

Using the comprehensive framework of organizational simulation by Ashworth and
Carley (2007) as a guide, the framework for assessing worker departure focuses on a
specific subset of transformation processes and outputs. Within the transformational
processes, the factors of group size and demographics are considered. Within the output

construct, the attitudinal output of satisfaction and intention to leave and the behavior
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output of turnover are examined. Due to the complex nature of the model,
interdependencies exist between the worker dimensions of demographics and attributes of
attitude as well as the composition and stability of the workforce. The following

conceptual model, Figure 3-2, depicts the factors and sub-factors:

Worker Dimensions Workforce (Organization)
(Individual)

Demographics Composition

Life Era / Number of groups/teams

Career Stage Size of groups/teams

Distribution of worker age
yY
\ 4 v

A

A
A 4

Att.it}lde. Stability

Satisfaction Average workforce satisfaction
Intention to leave Turnover

Threshold of satisfaction

(tolerance)

Figure 3-2 Conceptual Model of Work Departure

The effects of individual demographics, intention to leave, and turnover on the
organization form and stability are evaluated based on the composition of groups and
overall attrition rate. Specifically, group size is a critical factor to organizational
emergence (Elsner 2010). By measuring the relationships between worker satisfaction
and the workforce, this study aims to relate individual attributes and behavior to the
composition and stability of an organization. A detailed formulation of the worker
departure model is provided in Chapter 4 using the “Overview, Design concepts and

Details” (ODD) protocol (Grimm, Berger et al. 2010).
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Chapter 4 Model Overview, Design concepts, and Details
Following the ODD protocol (Grimm, Berger et al. 2010), overview, design concepts,
and details have been provided to describe the agent-based model assessing worker
departure and behavior. The overview section provides a broad description of the model
including the purpose, the entities, state variables and scales, and process overview and
scheduling. The design concepts section describes the model behavior detailing the basic
principles and characteristics such as emergence, sensing, adaptive behavior, collectives,
and observations. Lastly, the details section spans the model initialization and data input

as well as the specific routines and sub routines employed.

4.1 Overview

The simulation of worker departure is constituted by two agent-based models (ABM)
of seeking behavior within an organization. The foundational model (Model I) is not time
bound and evaluates the workforce without worker replacement. The workforce without
replacement model generalizes the workforce into three broad categories of highly
satisfied, moderately satisfied, and minimally satisfied workers and demonstrates
grouping behavior. Building on Model I, the workforce with replacement model (Model
IT) introduces a time scale and segments the workforce into age groups providing a
greater level of insight into the worker behavior across career stages.

For the purposes of the models I and 11, satisfaction is defined as a worker’s lack of
tendency to seek a new job (intention to leave) and the likelihood of staying in the
workforce. This approach generalizes satisfaction to encompass the established

precursors and associations of employee turnover such as job satisfaction, demographics,
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organization and work environment factors, and the nature of the job (Griffeth, Hom et

al. 2000).

4.1.1 Purpose

The models aim to understand the emergent behaviors of employee turnover and
employee satisfaction and the effects of turnover on the organizational composition.
The effects of individual demographics, intention to leave, and turnover on the
organization form and stability are evaluated based on the composition of groups and

overall attrition rate.

4.1.2 Entities, State Variables, and Scales

The ABM includes government employees represented as agents and the global
environment affecting all agents. The agent’s state is based on the variable Satisfaction
assessed on a scale from zero to one hundred percent. A satisfaction of zero results in a
worker exiting the workforce and a worker at the maximum satisfaction of one hundred
percent is the least likely to seek new employment opportunities.

The model landscape and processes are governed by the tool NetLogo (Wilensky
1999). NetLogo terminology for time increments is “ticks” and distance is “patches”.

Figure 4-1 illustrates a 7x7 model space of forty-nine patches with a population of agents.
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Radius of 1 Patch Radius of 2 Patches Radius of 3 Patches

Figure 4-1 Illustration of Netlogo Model Space
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In Figure 4-1, the highlighted agent at the center of model, denoted with the symbol
X, observes the attributes of surrounding agents within a defined radius. The Netlogo
command ‘in-radius’ reports the surrounding agents based on a distance measured from
the center of the patch.

The Worker Departure models are configured with a population of one thousand
agents in a model space of a 101 by 101 torus yielding a density of approximately one
agent per ten patches. The agents move at a rate of 2 patches per tick. For Model 1,
without replacement, the temporal and spatial scales are not explicitly defined. For the
Model II, with replacement, each tick is defined as one week of time. Therefore, a year is

represented by fifty-two ticks.

4.1.3 Process overview and scheduling

The agents have a single basic process of seeking an environment of acceptable
collective satisfaction. The model process starts with an initial population randomly
distributed in the model space. For Model I, the process ends when all agents either stop
seeking or exit the model. For Model II, the effects of workers retiring and entering the
model allow the model to run in perpetuity and the process ends based on a predefined
time. There are no additional model processes that affect the behavior of the agents.

The agent seeking behavior governs the agent’s evaluation of the collective
satisfaction, the agent movement, and the agent’s level of satisfaction. The collective
satisfaction for each agent is assessed by averaging the satisfaction of neighboring agents
within a defined radius or range (satisfaction radius). Figure 4-2 illustrates a worker
assessing the average satisfaction of neighboring workers based on a satisfaction radius

or 1 patch, 2 patches, and 3 patches.
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75 80 Radius of 1 patch: [(50 + 80 + 75 +35 +90 + 75)/6] = 67.5
85 60|75
50(80 Radius of 2 patches: [(85+60+75+50+
70(60]| 75| X |35 75 80+60+75+35+90+75+90+60+50)/13] = 68.1
90|75
90 60 50 Radius of 3 patches: [(75+80+85+60+75+50+80+
75 80|90 70+60+75+35+75+90+75+90+60+50+75+80+90)/20] = 71.5

Figure 4-2 Agent Seeking Behavior Example 1

The agent decision to seek a new environment is based on the collective satisfaction
being less than a defined threshold of an acceptable environment (satisfaction threshold).
Based on the example illustrated in Figure 4-2, if the worker has a satisfaction threshold
of 70 then a satisfaction radius of 1 patch or 2 patches yields an average satisfaction of
67.5 and 68.1 and would not be acceptable. Consequently, the agent would then seek a
new environment. At a radius of three patches yielding an average satisfaction of 71.5,
the worker’s threshold is met and the worker would not seek a new environment.

Assuming a satisfaction radius of 2 patches in example 1, the worker would migrate a
distance of 2 patches to a new location and reassess the new environment. Figure 4-3
illustrates the migration of the worker and the associated average satisfaction. In example
2, the worker satisfaction threshold of 70 is satisfied with a radius of 2 patches and the

worker would stop seeking.

= 80 Radius of 1 patch: [(75 +60 +50 + 80 +90) /5] = 71
85 60|75
50(80 Radius of 2 patches:
70]60(75 35 75| [(75+35+75+90+75+60+50+80+90+75+80)/11] = 71.4
90|75
90 60| X |50 Radius of 3 patches: [(75+80+85+60+75+50+80+
75 80[90 70+60+75+35+75+90+75+90+60+50+75+80+90)/20] = 71.5

Figure 4-3 Agent Seeking Behavior Example 2
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Lastly, the agent’s level of satisfaction either grows or decays based the decision to
seek a new environment. The agent will migrate across the model space until a collective
satisfaction above the satisfaction threshold is found. The migration process and seeking
decays the satisfaction of the agent at a pre-determined decay rate. The agent will stop if
an acceptable satisfaction is found and when stopped the agent’s satisfaction will grow at
a pre-determined growth rate. If an agent’s satisfaction reduces to zero before finding an

acceptable environment, the agent exits the model.

4.2 Design Concepts

An agent-based model may exhibit various indeterminate behaviors that cannot be
reproduced with structured equations. To fully capture and understand these behaviors,
the model design must consider the concepts of emergence, adaptation, objective seeking,
learning, prediction, sensing, interaction, scheduling, stochasticity, collectives, and
observation (Railsback and Grimm 2011).The design concepts relevant to the worker
departure model include emergence, sensing, adaptive behavior and objectives,
collectives, and observations. The design concepts not explicitly considered include

prediction, interaction, and stochasticity.

4.2.1 Basic Principles

The basic concept examined in the worker departure ABM is the formation of groups

or self-organization among agents to achieve an acceptable shared environment.
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4.2.2 Emergence

The macro-level results of the model of interest include the group formation in terms
of size and number, the worker departure and associated worker attrition, and the

composition of worker segmentation of satisfaction.

4.2.3 Sensing

The workers sense the satisfaction of their neighboring workers based on a common

radius set by the model.

4.2.4 Adaptive Behavior and Objective

The workers adapt to their environment by assessing the satisfaction of their
neighboring workers and migrating if a basic satisfaction condition is not satisfied. The
model sets the objective of a satisfaction threshold for each agent as the basis for
evaluating the environment. If the average satisfaction of neighboring workers is below
the threshold the worker migrates to a new location. The distance of the migration per
time step is common to all agents. If the average satisfaction is above the threshold the

objective is met and the worker stops seeking.

4.2.5 Collectives

The organization of the agents into collectives or groups is fundamental to achieving
the objective of acceptable satisfaction conditions. The model assumes a worker cannot
function independently of the organization. If a worker does not have any neighboring

workers, regardless of current satisfaction, the worker will seek another worker.
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4.2.6 Observations

The outputs observed in the model via plots include the overall attrition, the attrition
rate, the group count and average group size, the average migration distance, average

population satisfaction, and composition of the worker satisfaction segments.

4.3 Details

4.3.1 Initialization and Input Data

The initialization data provides the basis for the models’ agent population
characteristics and behavior. The initialization and input data of the models I and II vary
due to the differences in scope and complexity. Because Model I is not time bound, the
model uses the average worker population and attrition statistics to guide the initialization
and evaluation. Model II requires additional parameters to account for the various age

groups and new workers being added.

4.3.2 Model 1. Workforce Departure without Replacement

The starting population of the model consists of three segments of agents: highly
satisfied, moderately satisfied, and minimally satisfied. Each segment is defined by a
starting satisfaction and a minimum satisfaction. The starting satisfaction establishes the
level of commitment of the agents when the model is initialized. The minimum
satisfaction establishes the range of satisfaction for the segment as workers seek
opportunities to increase satisfaction. The highly satisfied segment is initiated at sixty-
nine percent of the overall population with a starting satisfaction of ninety-five percent
and a minimum satisfaction of eighty-eight percent. The moderately satisfied segment is

initiated at nineteen percent of the overall population with a starting satisfaction of
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eighty-five percent and a minimum satisfaction of seventy-three percent. The minimally
satisfied segment is initiated at twelve percent of the overall population with a starting
satisfaction of thirty-five percent and a minimum satisfaction of zero.

The segment populations of satisfaction are based on the historical distribution of the
US government workforce and associated attrition. The distribution of the workforce is

illustrated in Figure 4-4, and Figure 4-5 illustrates the attrition.

Average Distribution of US Government Workers
(Over the Period of 1998 to 2011)
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Figure 4-4 Average Age Distribution of US Government Workers
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Attrition (Departure) of US Government Workers
(Over the Period of 1998 to 2011)
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Figure 4-5 Average Attrition of the US Government Workforce

To facilitate the seeking process, the model is initiated with the global variables of
satisfaction radius, satisfaction threshold, satisfaction growth rate, and satisfaction decay
rate. The satisfaction radius is set to 2 patches and the satisfaction threshold is set to
seventy-five percent satisfied. The satisfaction growth is set to seventy-five hundredths of
a percent and satisfaction decay is set to one percent. There is no input data required for

Model I without replacement.

4.3.3 Model I1. Workforce Departure with Replacement

The starting population of the model consists of nine age groups representing the
segments of agents: highly satisfied, moderately satisfied, and minimally satisfied. The
highly satisfied segment consists of five age groups; thirty to thirty-four , thirty-five to

thirty-nine, forty to forty-four, forty-five to forty-nine, and fifty to fifty-four. The
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moderately satisfied segment consists of the two age groups; twenty-five to twenty-nine
and fifty-five to fifty-nine. The minimally satisfied segment contains the remaining ages
of eighteen to twenty-four and over sixty. The over sixty age group is defined as any
worker with an age greater than sixty years and is not bound by a maximum age. Because
the model incorporates time based attributes, the model is initialized with the starting
population of the empirical data set. The following figure, Figure 4-6, provides the

distribution of the US government workforce in year nineteen ninety-eight:

Distribution of US Government Workers
(1998)
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Figure 4-6 Age Distribution of US Government Workers in 1998

Each age group is defined by a starting satisfaction, satisfaction threshold, satisfaction
growth, and satisfaction decay. The starting satisfaction establishes the level of
commitment of the agents when the model is initialized. The satisfaction threshold
determines whether average satisfaction of neighboring workers is acceptable. The

satisfaction growth parameter determines content (non-seeking) workers growth in
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satisfaction and the decay parameter decreases satisfaction when a worker is seeking a
new group. To facilitate the seeking process, the model is initiated with the global
variables of satisfaction radius, and satisfaction growth factor. The satisfaction radius is
set to 2 and the satisfaction growth factor is set to seventy-five hundredths of a percent.

The starting satisfaction of the highly satisfied segment is set to ninety-five percent
with a satisfaction threshold ranging from seventy-two point five to seventy-two percent.
The growth of ninety-five percent is factored by the satisfaction growth factor of seventy-
five hundredths yielding a weekly growth of seven point one percent. The decay of the
highly satisfied segment ranges from ten percent to six point five percent per week
aligned to the declining attrition rate of the empirical data for ages thirty to fifty-four.

The starting satisfaction of the moderately satisfied segment is set to eighty percent
with a satisfaction threshold ranging from seventy-two point five to seventy-one percent.
The growth of eighty-five percent for the twenty-five to twenty-nine age group is
factored by the satisfaction growth factor of seventy-five hundredths yielding a weekly
growth of six point four percent. The growth of the fifty-five to fifty-nine age group is a
negative point five percent reflecting the beginning of the retirement career stage. The
decay of the twenty-five to twenty-nine age group is set to thirteen percent and the decay
parameter of the fifty-five to fifty-nine age group is set one hundred percent reflecting
immediate departure from the workforce upon retirement.

Lastly, the starting satisfaction of the minimally satisfied segment is set to sixty-five
percent with a satisfaction threshold ranging from seventy-five to eighty percent. The
satisfaction growth for the less than twenty-four and greater than sixty age groups is

negative two and two and a quarter percent reflecting the new employee and retirement
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career stages. The decay of the less than twenty-four age group is set to ten percent and
the decay parameter of the greater than sixty age group is set one hundred percent
reflecting immediate departure from the workforce upon retirement. The following table,
Table 4-1, summarizes all of the initialization parameters for each of the age groups:

Table 4-1 Initialization Parameters by Age Group

Satisfaction/Ages: Minimal Moderate High Moderate Minimal
Less than 60 or
Parameters 24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 more
Population 19 55 95 | 135 | 165 | 190 | 170 90 55
Starting Satisfaction 65 80 95 95 95 95 95 80 65
Satisfaction Threshold 75 72.5 725|725 (725| 72 72 71 80
Satisfaction Growth -2 85 95 95 95 95 95 -0.5 -2.25
Satisfaction Growth (factored) * -0.2 6.4 71171 (71] 71| 71 -0.04 -0.17
Satisfaction Decay * 10 13 10 10 | 7.5 7 6.5 100 100
Growth to Decay Ratio -2% 49% 71% | 71% | 95% | 102%|110%| -0.04% -0.17%

* Growth and Decay rates are based on a time increment of 1 week.

The input data required for the model II with worker replacement consists of adding
workers to maintain a fixed population. The new workers are added based on the
historical distribution of US government workers. The following figure, Figure 4-7,

illustrates the distribution used in the model:

Probability Distribution of New US Government Workers
{Over the Period of 1998 to 2011)
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Figure 4-7 Average Age Distribution of new US Government Workers
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Chapter 5 Analysis and Discussion

The effects of individual employee departure and job seeking behavior on
organization composition is demonstrated by the results of an ABM and validated by the
historical employment data of the US government. The results and associated analysis are
provided in two sections corresponding with Models I and II, with and without worker

replacement.

5.1 Model I: Behavior without Worker Replacement

5.1.1 Emergent Behavior

The outcomes from a single simulation run are provided to illustrate the emergent
behavior of the workforce in terms of worker satisfaction and attrition rates, group
formation, and the behavior of worker segments. It is important to note, due to the
stochastic nature of the ABM, the specific results of a single run do not reflect the

average results of the model.

5.1.2 Worker Satisfaction and Attrition

The average satisfaction of the overall population starts at eighty-five percent
centered on the starting satisfaction of the moderately satisfied segment then lowers to
eighty-three percent by the thirty-seventh time step (Figure 5-1). Two-thirds of the
worker seeking occurs during this initial period as represented by the average migration
of ten patches (Figure 5-2). As attrition begins, the average satisfaction climbs towards
the highly satisfied of eighty-eight percent. The lag in workers exiting the workforce can
be attributed to the starting satisfaction of the minimally satisfied at thirty-five percent

and the satisfaction decay of one percent per time step (Figure 5-3). Even though the
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attrition begins at the thirty-ninth time step due to the starting satisfaction of the

minimally satisfied, the pattern of attrition fluctuates throughout the remainder of the

seeking process (Figure 5-4).
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5.1.3 Group Formation

Figure 5-4 Model 1. Plot of Attrition Pattern

The group formation of the workers can be accounted for by the average group size

and the number of groups. The satisfaction radius provides the basis for the worker’s

evaluation of their environment following the notion of bounded rationality. If the

satisfaction radius is decreased the average satisfaction of the workers would reduce until

all workers exit the workforce. Due to the majority of the population residing in the

highly satisfied segment, if the radius is increased the workers would easily achieve an
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acceptable satisfaction assessment and minimal seeking and attrition occurs. Figure 5-5

illustrates the satisfaction radius concept from the span of 1 to 3 patches.

AN &
Worker Population Radius of 1 patch Radius of 2 patches ~ Radius of 3 patches

Figure 5-5 Illustration of Worker Satisfaction Radius
At the launch of the model, the agents are randomly distributed with a density of one
agent per ten patches (Figure 5-6) and groups are formed based on the satisfaction radius
of two patches (Figure 5-7). A radius of two patches demonstrates an attrition of 4.6%
over five hundred simulation runs in line with historic attrition averages of the US
government workforce. The departure of workers in model I is without replacement
illustrating a single group formation process that remains in place until the model is

manually stopped.

Figure 5-6 Model I. Illustration of Initial Figure 5-7 Model I. Illustration of
Distribution Group Formation
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The group size begins at an average of three workers per group and stabilizes at group

sizes of eight (Figure 5-8). As the smaller groups combine to achieve acceptable

satisfaction conditions the total number of groups reduces accordingly (Figure 5-9).
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5.1.4 Worker Behavior

Figure 5-9 Model I. Plot of Groups

Formed

The worker departure model without replacement is primarily focused on the

behavior of the workers across three periods: initial period of workers seeking without

attrition, period of attrition and worker rebalancing, and a steady state with minimal

migration (Figure 5-10). With the workforce population initiated in the three worker

segments of highly satisfied, moderately satisfied, and minimally satisfied, a
phenomenon of workforce balancing occurs as the average satisfaction fluctuates. The
global satisfaction threshold of seventy-five percent determines whether agents migrate
throughout the model. As the average satisfaction approaches the threshold the
population skews towards the moderately satisfied. In the initial period, the population of
smaller groups is unable to sustain the average satisfaction and satisfaction reduces until
workers exit the model. As attrition begins, average satisfaction increases and the

workforce begin to return to the initial composition of segments. As illustrated in Figure
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5-10, the workforce takes almost twice as long to return to the previous composition of
satisfied workers. Beyond this rebalancing, the model continues to increase in satisfaction
as a small number of workers continue to seek. Because new entrants of minimally
satisfied workers are not introduced at the point of rebalancing, the steady state portion of

behavior does not reflect empirical findings.
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Figure 5-10 Model 1. Agent Behavior by Population Segments of Satisfaction

5.1.5 Validation of Results

The primary mechanism for validating the results of the worker departure ABM is the
comparison of attrition observations to the empirical US government employment data.
The assessment is performed for the overall workforce population as well as the defined
segments of worker satisfaction derived from the trends of particular age groups.

Using the historical trends of attrition, the government workforce satisfaction can be

segmented into three broad categories. Approximately seventy percent of the workforce,
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ages spanning thirty to fifty-four, falls below the overall attrition rate of five percent.
Nineteen percent of the workforce, ages twenty-five to twenty-nine and fifty-five to fifty-
nine, is at the overall attrition rate. The remaining eleven percent, ages below twenty-five
and greater than fifty-nine, is substantially above the overall attrition rate.

The results of running the ABM five hundred times produced a mean attrition rate of
4.6% with a range of attrition rates from 2.2% to 7.5% (Table 5-1). The mean rate of
attrition of the model is within ten percent of the US government attrition rates over the
past thirteen years with an approximately equivalent range of rates.

Table 5-1 Comparison of Simulation Results and Empirical Data

Comparison of Attrition Statistics
Agent-Based Model US Gov. Employment Data

Mean 0.046 0.051
Standard Error 0.0004 0.004
Median 0.046 0.054
Standard Deviation 0.008 0.015
Range 0.053 0.054
Minimum 0.022 0.022
Maximum 0.075 0.076
Count* 500 13

*Count represents 500 simulation runs for the agent-based model
and 13 years of empirical data (years 1999 to 2011).

To evaluate the validity of attrition for the three worker segments, the variation from
the historic average as a proportion of the overall population was considered.
Approximately seventy percent of the workforce, ages spanning thirty to fifty-four,
constitutes thirty percent of the attrition. Nineteen percent of the workforce, ages twenty-
five to twenty-nine and fifty-five to fifty-nine, account for twenty percent of the attrition.
The remaining eleven percent, ages below twenty-five and greater than fifty-nine,

represents fifty percent of the attrition. Because the variation of one segment directly
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affects the variation of the other segments, the absolute value of the variation was
averaged across all three segments to determine a single attrition variation rate
throughout each run. Notably, the minimum attrition variation rate coincides with the
workforce phenomenon of rebalancing the population segments. Therefore, the minimum
attrition variable rate was used to validate the model.

The results of running the ABM five hundred times produced a mean attrition
variation rate of the segments of 10.8% with a range of rates from .6% to 87.3% (Table 5-
2). The model produced attrition variation rate of the segments twenty percent greater
than of the US government rates over the past thirteen years. This difference can be
attributed to five percent of the simulation runs producing anomalous results. When
ninety-five percent, three standard deviations, of the simulation runs were considered the

mean directly equated to the US government data.

Table 5-2 Comparison of Simulation Results and Empirical Data for Segments

Comparison of Segmented Population Attrition Variation Statistics
Agent-Based Model Agent-Based Model (3c) US Gov. Employment Data

Mean 0.108 0.090 0.090
Standard Error 0.004 0.002 0.015
Median 0.081 0.078 0.088
Standard Deviation 0.096 0.052 0.055
Range 0.867 0.264 0.212
Minimum 0.006 0.006 0.013
Maximum 0.873 0.270 0.226
Count* 500 473 13

*Count represents 500/473 simulation runs for the agent-based model and 13 years of empirical
data (years 1999 to 2011).

5.2 Model II: Behavior with Worker Replacement

In contrast to Model I, Model II incorporates the addition of new workers and the

concept of time. By introducing a timescale, the age of the workers and associated career
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and life stages provides another mechanism to modify satisfaction. Model II exhibits
similar group formation during the initialization of the model and illustrates the group

dynamics with the effects of new workers and workers retiring.

5.2.1 Emergent Behavior

The outcomes from thirty simulation runs are provided to illustrate the emergent
behavior of the workforce in terms of worker satisfaction and attrition rates, group
formation, and the behavior of worker segments. It is important to note, due to the
stochastic nature of the ABM, the specific results of a single run do not reflect the

average results of the model.

5.2.2 Worker Satisfaction and Attrition

The average satisfaction of the overall population starts at eighty-eighty percent
weighted towards the starting satisfaction of the moderately and highly satisfied segments
(ages twenty-five to fifty-nine) then raises to over ninety-five percent as the groups form
in the first few years and then declines towards the starting satisfaction by year fifteen
(Figure 5-11). The worker seeking reaches its maximum during this fifteen year period as
represented by the average migration of six and a half patches (Figure 5-12). Unlike
Model I, there is no lag in attrition at the start of the model due to workers retiring and
new workers entering, the attrition immediately increases until groups are formed and
continues to fluctuate around six percent (Figure 5-13). The initial average age of forty-
three, based on the empirical data of 1998, increases until year ten reaching to over forty-

eight then declines back down to just over forty-six (Figure 5-14).
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The four measures of worker behavior and the associated demographic of age

(satisfaction, attrition, migration, and age) portray the complexity of the group formation

process and the interdependences between the individual workers affecting the overall

worker population. While the first fifteen years illustrate the most variability across all

measures, the maximum or peak level appears soonest for attrition (year 2), then followed

by satisfaction (year 3), average age in year ten, and lastly average migration in year

fifteen.
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5.2.3 Group Formation
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Like in Model I, the group formation of the workers is accounted for by the average
group size and the number of groups. As demonstrated in Model I, a satisfaction radius of
two patches provides a representative amount of worker seeking behavior leading with a
balance of attrition and stable groupings.

Using the results of thirty simulation runs, with worker replacement and retirement
the group size begins at an average of three workers per group and continues to group
sizes of eight by year five aligned with a drop in attrition culminating the group
formation process (Figure 5-15) As the model continues beyond year five the average
group size continues to grow. With a fixed population of workers, total number of groups

reduces accordingly from a peak one hundred forty-six groups in year 2 (Figure 5-16).
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Figure 5-15 Model II. Plot of Average Figure 5-16 Model II. Plot of Groups
Group Size Formed

To further illustrate the group formation process and the overall self-organization of
the workers, the worker and group dynamics of two individual simulation runs are
provided.

Figure 5-17 shows an example of a concentrated group of minimally satisfied workers
leading to high turnover of all workers within a specific region of the population. The
green symbols represent the workers and the red patches represent a region where a

worker has quit. The four illustrations in Figure 5-17 depict the initialization period or
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‘origination’, the immediate turnover of workers within year 1 as groups form, the
culmination of workers actively seeking by year 5, and the retention of the group
formations in year 10. Figures 5-18 and 5-19 illustrate the effects of the group formation
process on the individual worker segments. The high turnover of the eighteen to twenty-
four age group demonstrates the dramatic effect of a concentrated population and the
inability to sustain the demographic. The steady decline of the highly satisfied group
(Figure 5-19), thirty to fifty-five, illustrates the imbalance of the US government
workforce moving toward retirement without the sufficient retention of entry level

workers.

Initial Distribution

Figure 5-17 Model II. Illlustration of Group Formation - Concentrated
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Attrition by Age Group Distribution of Age Groups
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Figures 5-20 through 5-22 show an example of a dispersed group of minimally
satisfied workers leading to moderate turnover of workers throughout the population. The
same origination, diffusion, and retention process occurs with a dispersed minimally

satisfied population but with a more uniform distribution of groups throughout the model.
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Attrition by Age Group Distribution of Age Groups
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Even with the uncertainty of the initial population and the entrants of the new
workers, the contrasting simulation runs exhibit similar attrition rates and distribution of
age groups by the end of year ten. The adaptive behavior of the workers demonstrates the

emergent behavior of group formation under a variation of initialization conditions.

5.2.4 Worker Behavior

The behavior of the workers can be divided into two periods: initial period of workers
seeking acceptable groups with a high level of attrition and worker rebalancing between
the entry of new employees and retirements, and a steady state with stable rates of
migration and attrition (Figure 5-23).

With the workforce population initiated in the three worker segments of highly
satisfied (ages thirty to fifty-four), moderately satisfied (ages twenty-five to twenty-nine
and thirty to fifty-four), and minimally satisfied (eighteen to twenty-four and over sixty),
a phenomenon of workforce balancing occurs as the average satisfaction fluctuates and
groups form. The satisfaction threshold of each age group determines whether agents
migrate throughout the model. Additionally, the satisfaction decay determines the rate of

satisfaction lost during seeking. The satisfaction thresholds and decays are aligned with
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the life and career stages of the workers. With the highest thresholds and decay assigned
to the minimally satisfied segment, entry level workers and retirement eligible workers
have the highest intention to quit.

During the initial period, the population of smaller groups with average group sizes of
less than five is unable to sustain the required average satisfaction and workers
continuously exit the model resulting in high attrition rates across all population
segments. As the average group size surpasses five workers, the composition of the
workforce begins to normalize and the retirement eligible segment grows balancing the
population with the new entrants. The incompatibility of a small group size with the
composition of the US government workforce demonstrates the importance of the
organizational life cycle and the required alignment with the workforce.

After year twelve, as illustrated in Figure 5-23, the workforce composition is
balanced with the largest segment of highly satisfied (ages thirty to fifty-four) at sixty-
four percent. The result directly equates to the US government empirical data. With a
starting population percentage of seventy-seven percent in 1998, the US government
empirical data of the highly satisfied worker segment reduction to just over sixty-three

percent in 2011.
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Behavior of Population Segments
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Figure 5-23 Model 11. Agent Behavior by Population Segment

5.2.5 Validation of Results

The primary mechanism for validating the results of the worker departure ABM with
worker replacement is the comparison of attrition observations to the empirical US
government employment data. The assessment is performed for the overall workforce
population as well as the defined segments of worker satisfaction derived from the trends
of particular age groups.

In contrast to Model I where time is not considered, to validate the agent-based
model of the workforce with worker replacement, a systems dynamics model (Figure 5-
24) has been constructed using the historical attrition rates and historical new worker age
distributions. Unlike the ABM where the attrition is not prescribed in the model and the

behavior is stochastic, the systems dynamic model is mathematically modeled using the
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average attrition rate for each age group to directly forecast the overall attrition rate of the

population. The model is constructed using the tool “iThink”, and the method of

integration is Euler’s Method. The associated equations for the model can be found

Appendix D.
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Figure 5-24 Systems Dynamics Model of US Federal Workforce

Starting with the empirical population in 1998, the forecasting model shows the

decline in the highly satisfied segment with the corresponding rise in the retirement

eligible population segments of fifty-five to over sixty. Additionally, the eighteen to

twenty-four and twenty-five to twenty-nine segments achieve a comparable steady-state.

A comparison of the agent-based on model and the empirically based systems dynamics

model for the population segments is shown in Figure5-25.
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Figure 5-25 Worker Distribution Comparision of ABM Model 11 to Emperical Data

The results of running the ABM model II thirty times for fifty years produced a mean

attrition rate of 7.1% with a range of attrition rates from 0.1% to 40.1% (Table 5-3)

reflecting the first two years of high attrition due to group formation with worker

replacement. Excluding the first two years, the results of the ABM with worker

replacement produced a mean attrition rate of 6% with a range of attrition rates from

0.1% to 10.2%. Due to the skew of the employment data, the median is a better basis of

comparison reflecting the progression of attrition from 1998 to 2011.

Table 5-3 Comparison of Simulation and Empirical Data Attrition Rates

Systems

US Gov.

Agent-Based Model Il Agent-Based Model Dynamics Model Employment

(Years 1to 50) Il (Years 3 to 50) (Years 1to 50) Data
Mean 0.071 0.060 0.059 0.051
Standard Error 0.0089 0.0031 0.0008 0.004
Median 0.061 0.061 0.062 0.054
Standard Deviation 0.063 0.021 0.006 0.015
Range 0.399 0.092 0.022 0.054
Minimum 0.009 0.009 0.041 0.022
Maximum 0.409 0.102 0.063 0.076
Count* 50 48 50 13

*Count represents associated 50/48 years across 30 simulation runs for the ABM model and 50 years of 1
simulation run for the systems dynamics model and 13 years of empirical data (years 1999 to 2011).
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Figure 5-26 illustrates the result of the agent-based model and the systems dynamics
model along with the empirical average. The results of the validation illustrate the effects
of the group formation process, the rebalancing of the workforce, and the resulting

stabilization falling in line with the expected attrition.
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Chapter 6 Conclusion

6.1 Limitations and Recommendations

The limitation of assessing the emergent behavior of the US Government workforce
is the applicability of the findings to the workforce of other employment sectors. Further
research to develop the relationship of the empirical employment data and the model
parameters across a variety of organizations could determine if the model is generalizable
and broaden its utility. Additionally, the model design is limited to a general profile of a
worker. Building on the existing model, additional worker attributes available in the
empirical data such as agency, gender, profession, and grade could provide further insight
into the behavior of the U.S. government workforce.

Lastly, the model with worker replacement demonstrates cycles of employment with
a fixed number of workers allowing a rebalancing of the workforce independent of any
external factors. Extending the model to vary the population size, external factors such as
the economy or world events could be incorporated to evaluate the ability of the US

government workforce to grow or shrink and the associated impacts.

6.2 Conclusion

Following the interdisciplinary approach of computational organization theory,
organizational theories of worker satisfaction and turnover were evaluated through the
use of computer simulation and validated with empirical data. Research concerned with
organizations, groups or teams, and individual behavior provided the underpinning for
the simulation parameters and assumptions. The study of employee turnover has been of

considerable focus since the early twentieth century yielding hundreds of quantitative
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studies (Cotton and Tuttle 1986). Satisfaction is utilized to measure a worker’s lack of
tendency to seek a new job (intention to leave) and the likelihood of staying in the
workforce. The model of the US government workforce generalizes satisfaction to
encompass the established precursors and associations of employee turnover such as job
satisfaction, demographics, organization and work environment factors, and the nature of
the job (Griffeth, Hom et al. 2000).

Guided by thirteen years of US government employment data, an agent-based model
facilitated individual worker behaviors yielding the formation of teams and the changing
composition of the overall workforce. Following the principles of the complex adaptive
systems and emergence, the individual agents self-organized and adapted to achieve
acceptable environmental conditions of worker satisfaction. The existence of minimally
satisfied workers is shown to lower the average satisfaction of the overall workforce
requiring a critical mass of satisfied worker groupings to stabilize the workforce. The
resulting attrition rate and composition of the employees turned-over was compared
against the US government employment data illustrating the validity of the model. The
model phenomenon confirms that groups of a critical size improves employee satisfaction
and lowers employee-turnover.

The four measures of worker behavior and the associated demographic of age
(satisfaction, attrition, migration, and age) portray the complexity of the group formation
process and the interdependences between the individual workers affecting the overall
worker population. While the first fifteen years illustrate the most variability across all
measures, the maximum or peak level appears soonest for attrition (year 2), then followed

by satisfaction (year 3), average age in year ten, and lastly average migration in year
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fifteen. Following the maturation process of an organization, the ‘origination’ or
initialization demonstrated the immediate turnover of workers within year 1 with an
average group size of three workers, ‘diffusion’ or adaption culminated by year 5
yielding average groups of eight workers, and the ‘retention’ of the group formations was
achieved by year 10 with average group size growth leveling off to a steady rate.

With the highest thresholds and decay assigned to the minimally satisfied segment,
entry level workers and retirement eligible workers have the highest intention to quit.
During the initial period, the population of smaller groups with average group sizes of
less than five is unable to sustain the required average satisfaction and workers
continuously exit the workforce resulting in high attrition rates across all population
segments. As the average group size surpasses five workers, the composition of the
workforce begins to normalize and the retirement eligible segment grows balancing the
population with the new entrants. The incompatibility of a small group size with the
composition of the US government workforce demonstrates the importance of the
organizational life cycle and the required configuration of the workforce.

The US government workforce and the modeled behavior clearly exhibited the
characteristics of a complex adaptive system. A large number of components were
represented in the model with a population of one thousand agents in a model space of a
101 by 101 torus yielding a density of approximately one agent per ten patches yielding
group sizes from as small as two to three workers to groups of over one hundred workers.
Variation and diversity was introduced by randomly distributing the workers over the
model space, varying the satisfaction behavior by career stage, and distributing the age of

new workers based on a probability distribution.
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Self-organization and adaptation to the environment was demonstrated by the group
formation through the agent’s evaluation of the collective satisfaction, the agent’s
movement, and the agent’s level of satisfaction. Accordingly, the workforce exhibited
unpredictability and non-linearity due to the multitude of individual agent decisions to
seek a new environment based on the collective satisfaction. Despite the complexity and
adaptation, the observed emergent behavior of group formation and balancing of
minimally satisfied and highly satisfied workers revealed the impact of the worker
attributes and workforce composition.

The resulting insights found by the ABM modeling worker departure is due to the
increased realism of using individual workers based on empirical data (Nilsson and
Darley 2006). The model mitigates the dilemma’s facing social behavior theory
development due to complexity (Ostrom 1988) by evaluating multiple dependent
variables, evaluating emergence of structure within groups, modeling latent variables that
cannot be observed directly such as satisfaction, analyzing interdependent variables

concurrently, and observing behavior over time.
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Appendix B - ABM Model 1. Source Code

turtles-own [
satisfaction
stopped?
nearby-workers-satisfactiol
nearby-workers
total -distance-moved
previous-patch
group-size
group-id
]

measure of satisfaction
attrbute of whether the turtle hasn't moved

i average satisfaction agentset of turtles within some specified radius
agentset of turtles within some specified radius
total distance moved by the turtle
patch the turtle was previously on, used to establish distance traveled
counting the collection of agents within the satisfaction radius
astablishes groups of Tinked agents

e e e e 5 we e

patches-own [ non-usage ]
globals [
mode’ -result 33 assessment of why model stops

———————————————— Measuring workers exiting workforce ----------oooooooo---
attr'lt'lon rate

attrition-satisfied-rate

attrition-commtted -rate

attrition-undecided-rate

attrition-unsatisfied-rate

attrition-satisfied
attrition-commtted
attrition-undecided
attrition-unsatisfied

attrition-ratio-satisfied
attrition-ratio-commtted
attrition-ratio-undecided_unsatisfied

attrition-ratio-satisfied_current
attrition-ratio-commtted_current
attrition-ratic-undecided_unsatisfied_current

attrition-composition-range-factor

fommmmmmmmmm oo other observations -----------------—-—-—-
average-satisfaction 3 average satisfaction of the workforce
average-mgration ; average distance traveled of the workforce
§omm e Grouping variables -----------oooooooo--
mete_sizes 3 Tist of number of co-workers for each worker
group_lists 3 Tist of turtle ids in each extended group
group_sizes 3 1ist of number din each extended group
GroupCount 3 Number of groups
GroupsSizeAverage 7 Average Groups Size
1
to setup 3 Clear a1l /F create workers /f reset time
ca
make -warkers_undecided
medee -wor kers_commi tted
make -workers_satisfied
reset-ticks
end
to go
R e L Stopping Conditions-------------- oo

if count turtles = O [set model-result (-1 ) ]
if count turtles = 0 [ stop ]
if model-result =1 [ stop ]

———————————————————————————— Data Momitors for athrition----------mmmo oo
set attrition-rate (warkers-satisfied + workers-committed + workers-undecided - count turtles)
S (workers-satisfied + workers-undecided + workers-comnmtted)

set attrition-satisfied { count turtles with [satisfaction »= workers-satisfied_minimum_satisfaction] - workers-satisfied)
set attrition-committed ( count turtles with

[satisfaction »= workers-committed_minimum_satisfaction and satisfaction < workers-satisfied_minimum_satisfaction] - workers-committed)
set attrition-undecided ¢ count turtles with

[zatisfaction == workers-undecided_minimum_satisfaction and satisfaction < workers-committed_minimum_satisfaction] - workers-undecided)
set attrition-unsatisfied  count turtles with

[satisfaction »= O and satisfaction < workers-undecided_minimum_satisfaction] )

set attrition-satisfied-rate { count turtles with
[satisfaction »= workers-satisfied_minimm_satisfaction] - workers-satisfied)
Jlwarkers-satisfied + workers-undecided + workers-committed)
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set attrition-committed-rate { count turtles with
[satisfaction »= workers-committed_minimum_satisfaction and satisfaction < workers-satisfied_minimum_satisfaction]
- workers -commi tted)/ (workers-satisfied + workers-undecided + workers-committed)
set attrition-undecided-rate { count turtles with
[satisfaction == workers-undecided_minimum_satisfaction and satisfaction < workers-committed_minimum_satisfaction]
- workers -undecided)/ (workers-satisfied + workers-undecided + workers-committed)
set attrition-unsatisfied-rate ( count turtles with
[satisfaction == 0 and satisfaction = workers-undecided_minimum_satisfaction])/ (workers-satisfied
+ warkers-undecided + workers-committed)

ifelse (attrition-rate = 0}
[set attrition-ratio-satisfied_current (attrition-satisfied-rate / attrition-rate)
set attrition-ratio-committed_current (attrition-committed-rate / attrition-rate)
set attrition-ratie-undecided_unsatisfied_current
({ artrition-undecided-rate + attrition-unsatisfied-rate) / attrition-rate)

---------------------------- Evaluating if workers have stopped --------mmmmmmmm e

[set model-result ¢ 1 ) grouping-evall ; calls the group function if a1l workers have stopped

]

[ set attrition-ratio-satisfied_current (0)
set attrition-ratio-comm tted_current (00
set attrition-ratio-undecided_unsatisfied_current (0)]

ask turtles [

set previous-patch patch-here ;3 establish starting position
seelk-satisfaction 33 seeking satisfaction
if not stopped?
[set total-distance-moved (total-distance-moved + (distance previous-patchl)] ;3 calculate distance traveled
ask T1inks [ if T1ink-length = satisfaction-radius [ die ] ]
]

3 place 1imits on the satisfaction wvalue

ask turtles with [ satisfaction > 100 ] [ set satisfaction 100 ] 3 setting max satisfaction
ask turtles with [satisfaction = 0 1 [ die 1] 3 setting minimum satisfaction
color-turtles

if count turtles = O [do-plotting]
if any? (turtles) [set average-satisfaction mean [satisfaction] of turtles]
if any? Cturtles) [set average-migration mean [total-distance-moved] of turtles]

tick

end

o Functions for the display of the workers --------mmmmmmmmm oo
to color-turtles 3 Set worker color based on satisfaction

ask turtles [ ifelse ( satisfied® ) [ set color &4 ]
[ ifelse ( committed?) [ set color && ]
[ ifelse ( undecided?) [ set color &g ]
[ set color gray 1111
end

to paint-in-radius
clear-patches
ask turtles
[ paint-agents patches in-radius satisfaction-radius ]
end

to paint-agents [agents]
ask agents [ set pcolor [color] of myself - 2 ]

end

to clear-radius 3 Clears depiction of worker radius

clear -patches

end

e e e P P PP FUNctions to create Workers ---------mmmmmm oo

to make-workers_satisfied
set-default-shape turtles "circle”
crt workers-satisfied [set color 64 set satisfaction workers-satisfied_starting_satisfaction]

ask turtles

[ pen-up
setxy random-xcor random-yoor
set stopped? false
set total-distance-moved O
set group-id self

]

end

to make-workers_comm tted
set-default-shape turtles "square”
crt workers-committed [set color 66 set satisfaction workers-commtted_starting_satisfaction]

ask turtles

[ pen-up
setxy random-xcor random-ycor
set stopped? false
set total-distance-moved O
set group-id self

end
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to make-workers_undecided
set-default-shape turtles "triangle”
crt workers-undecided [set color 68 set satisfaction workers-undecided_starting_satisfaction]

ask turtles

[ pan-up
setxy random-xcor random-ycor
set stopped? false
set total-distance-moved O
set group-id self

set nearby-workers (turtles in-radius satisfaction-radius) with [se1f != myself]
ifelse any? nearby-workers ;i check for surrounding workers and workers mowe if below satisfaction threshold
[set nearby-workers-satisfaction mean [satisfaction] of nearby-workers

ifelse { nearby-workers-satisfaction » satisfaction-thresheld ) ; if satisfaction of turtles within the radius
3 15 below satisfaction threshold keep sesking
set stopped? trus ; otherwise stop
set satisfaction satisfaction + satisfaction-growth-positive
create-Tink-with one-of nearby-workers
set group-size count 1ink-neighbors

[ fd Patches-per-Tick-Movement 1t random &0 rt random &0
set stopped? false
set satisfaction satisfaction - satisfaction-growth-negative

[ fd Patches-per-Tick-Movement 1t random 50 rt random 500§ if there aren't workers nearby keep sesking
set stopped? false
set satisfaction satisfaction - satisfaction-growth-negative]
end

HEEEEEEEE SUDFOUETNE TOF EVEIUAT T GF 0L S = = === = = = = = = = o = o = o o e o o o e e e e e e e o e o o o e e
-Based on routine provided in 3 Aug 2002 - Tor Flocking Model” by Morman Lee Johnson

Jet temp O
let fm O

let t-1ist
let a-list 0
Tet i-1ist 0
let g-1ist O
let t-Toop O
let a-loop O
Tet flocktmp
let n-Tist
let again O
set t-Tist []
set g-1ist []
set group_lists []

set 1-Tist []

set t-Tist [who] of turtles
set a-1ist []

(=]

repeat population [set a-1ist fput [] a-1ist] ; set up 1ist with one entry per agent (t-1ist s convienent)
foreach t-1ist ;; create a 1ist equivalent to agentset flockmate - called "a-1ist”
[ set fm [nearby-workers] of (turtle T2 ;; returns agentset (ot 1ist as suggested in manual)
set temp [whol of fm ; 1ist of flockmates for ¢
if length temp = O [set a-1ist replace-item 7 a-1ist (sentence ¢ temp)]

set n-1ist filter [Oength item ¢ a-1ist = 0] t-1ist

while [ length n-T1ist = 0 ]
[

set g-1ist item (item O n-1ist) a-Tist
set again true

while [again]
[ set again false

foreach t-1ist 33 Loop over all agents
[ set t-Toop 7
set flocktmp item t-loop a-1ist
if (hot member? t-loop -1ist and not empty? flocktmp)
[ foreach flocktmp
[ set a-Toop 7
if (hot member? a-loop i-1ist and length item a-loop a-1ist > 1 and member? a-loop g-1ist)
[ set g-1ist replace-item (position a-loop g-1ist) g-1ist (item a-Toop a-Tist)
set 1-1ist Tput a-loop i-1ist
set g-1ist reduce [sentence 71 72 ] g-1ist 33 flattens 1ist of Tists
set g-1ist sort remove-duplicates g-1ist 33 remove duplicates
set again true
1
1 ;; end foreach over g-1ist - at end - have a complete group 1ist
]
1 s end Toop over t-Tist and if test
sprint g-list
1 ;3 Toop over while again - continue until no new agents added
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set group_lists Tput g-Tist group_lists

set temp reduce [sentence T1 £2 ] group_lists

set n-1ist filter [mot member? ¥ temp] t-1ist

set n-1ist filter [length item T a-Tist » 0] n-Tist
1 3 Toop owver while n-Tist

3 print 1ist "group_lists" group_lists

set group_sizes sort map [ length T 1 group_Tists
sprint 1ist "group sizes:” group_sizes

set mate_sizes map [ Jength item 7 a-1ist] t-Tist

33 Reporters

set GroupCount length (group_sizes) FGROUP variables

set GroupSizeAverage mean (group_sizes) FGROUP variables

end

[EEEEEE TP PR PR PR RO LBl S = = == - = = m o m o o o o

to-report population
report workers-satisfied + workers-committed + workers-undecided
end

to-report satisfied?
report satisfaction »= workers-satisfied_minimum_satisfaction
end

to-report commtted?
report satisfaction == workers-committed_minimum_satisfaction and satisfaction < workers-satisfied_minimum_satisfaction
end

to-report undecided?
report satisfaction == workers-undecided_minimum_satisfaction and satisfaction < workers-committed_minimum_satisfaction
end

to-report unsatisfied?
report satisfaction == 0 and satisfaction =< workers-undecided_minimum_satisfaction
end

to-report population
report workers-satisfied + workers-committed + workers-undecided
end

to-report satisfied?
report satisfaction »= workers-satisfied_minimm_satisfaction
end

to-report commtted?
report satisfaction »= workers-commtted_minimm_satisfaction and satisfaction = workers-satisfied_minimm_satisfaction
end

to-report undecided?
report satisfaction == workers-undecided_minimum_satisfaction and satisfaction < workers-commtted_minimm_satisfaction
end

to-report unsatisfieds
report satisfaction == 0 and satisfaction < workers-undecided_minimum_satisfaction
end

to do-plotting
set-current-plot "avg. satisfaction”
set-current-plot-pen "satisfaction”
plot mean [ satisfaction 1 of turtles
set-current-plot "Distribution of satisfaction”
set-current-plot-pen "satisfied”
plot count turtles with [ satisfied? ]
set-current-plot-pen "Comritted”
plot count turtles with [ committed? ]
set-current-plot-pen "Undecided”
plot count turtles with [ undecided? ]
set-current-plot-pen "Unsatisfied”
plot count turtles with [ unsatisfied? ]
set-current-plot-pen "Total workers"
plot count turtles
set-current-plot "attrition”
set-current-plot-pen "Attrition”
plot (workers-satisfied + workers-committed + workers-undecided - count turtles)
Flworkers-satisfied + workers-undecided + workers-committed)
set-current-plot "Distribution of Migration”
set-current-plot-pen "satisfied”
if any? (turtles with [satisfied?])
[ plot mean [total-distance-moved] of turtles with [ satisfied? ] ]
set-current-plot-pen "Comrtted”
if any? Cturtles with [committed?])
[plot mean [total-distance-mowved] of turtles with [ committed? 1]
set-current-plot-pen "Undecided”
if any? Cturtles with [undecided?])
[plot mean [total-distance-mowved] of turtles with [ undecided? 1]
set-current-plot-pen "Unsatisfied”
if any? Cturtles with [unsatisfied?])
[plot mean [total-distance-moved] of turtles with [ unsatisfied? 1]
set-current-plot-pen "Total workers”
plot mean [total-distance-moved] of turtles
end
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Appendix C - ABM Model II. Source Code

-- Model of Workforce Departure with Replacement of Workers --

turtles-own [

satisfaction 5 measure of satisfaction
stopped? ; attrbute of whether the turtle hasn't mowved
nearby-workers -satisfaction 5 average satisfaction agentset of turtles within some specified radius

agentset of turtles within some specified radius
total distance moved by the turtle
patch the turtle was previously on, used to establish distance traveled

nearby-workers
total -distance -moved
previous -patch

group-size counting the collection of agents within the satisfaction radius
group-id estabTishes groups of Tinked agents

age 5 current age of worker

starting-age ; starting age of new workers

new-waorker -age 3 sets age of new worker age distribution

warker -type ; attribute to track whether the worker is new/added

patches-own [ non-usage ]
HE R e e L e P P e Global wardables ------mmmim
globals [

model-result 31 assessment of why model stops, only needed

R worker Population and Replacement varjables ----------ccommmomomo
patch-Tocation Tocationx locationy § Captures the Tocation of worker quitting to add new worler
quitter j Counter of worker quitting to capture attrition statistics

new-worker -count § number of workers added dus to attrition

population ; number of agents

attrition ; number of workers Tleaving work force

average-satisfaction

average-migration

fommm e Maintianing Model Time ---------mmmmmmmmenmn

ear ; current year

Time-keeper -years 5 counts the number of years based on each ticks
e Measuring workers exiting workforce ------oooommmoooooo

attrition-rate
Attrition-Rate-vearly Attrition-Prior
Attrition-Currant attrition-rate-current -year

attrition-satisfied-rate attrition-commtted-rate
attrition-undecided-rate attrition-unsatisfied-rate

attrition-satisfied attrition-commtted
attrition-undecided attrition-unsatisfied

attrition_18to24 attritijon_2tto2 attrition_30to34 attrition_35to3@
attrition_40to44 attrition_45to4s attrition_EBOtob4 attrition_30tofs
attrition_G5to59 attrition_soormars

ATtrition_1l8to24_currant_yr attrition_2Eto29_current_yr attrition_30to34_current_yr  attrition_35to38_currant_yr
Attrition_40to44_current_yr attrition_4Eto49_current_yr attrition_SOtoS4_current_yr artrition_30mof4_current_y
attrition_EStoBS_current_yr attrition_G0orMore_current_yr

attrition_l8to24_prior_y attrition_2tto29_prior_yr attrition_30te34_prior_yr attrition_3Eto3o_prior_yr
attrition_40to44_prior_yr  attrition_45to49_prior_yr  attrition_SOtof4_prior_yr  attrition_3Ctob4_prior_yr
attrition_EStoB9_prior_yr attrition_S0orMore_prior_yr

Population_18to24_prior_yr Population_26to29_prior_yr Population_30ta34 prior_yr Population_35to3@_prior_wr
Fopulation_40to44_prior_yr Population_4Eto49_prior_yr Population_ECtoS4_prior_yr Population_30tob4 prior_y
Population_EStot9_prior_yr Population_S0orMore_prior_yr

attrition-rate_18to24_current_yr attrition-rate_2Eto2_current_yr attrition-rate_30to34_current_yr
attrition-rate_3tto30_current_yr attrition-rate_40to#d_current_yr  attrition-rate_45to4s_current_y"
attrition-rate_SOtoS4_current_yr attrition-rate_30toS4_current_yr attrition-rate_SStoSo_current_yr
attrition-rate_g0orkore_current _yr

attrition-rate_18to24_cum attrition-rate_2Eto20_cum attrition-rate_30to34_cum  attritien-rate_3Eto3@_cum
attrition-rate_40todd_cum attrition-rate_4bto49_cum  attrition-rate_bOtof4_cum  attritien-rate_30tof4_cum
attrition-rate_G5tofd_cum attrition-rate_s0orkore_cum

attrition-ratio-satisfied attrition-ratio-committed attrition-ratio-undecided_unsatisfied attrition-ratio-satisfied_current
attrition-ratio-commtted_current attrition-ratio-undecided_unsatisfied_current

fomm e Grouping variables ----------mmeommeeon-

GroupCount  GroupSizesverage GroupSizeMax GroupsizeMedian GroupSizecount TransitioningIndividuals
mate_sizes 33 1ist of number of flockmates for each turtle

group_Tlists 33 1ist of turtle ids in each extended group

group_sizes 33 Tist of number in each extended group

i-- -- age distrbution by satisfaction -- --

worker -Commmi tted- 25 worker -Comnmitted-26 worler -Comm tted- 27 worler -Comimi tted - 28 worker-Comimi tted - 29
warker -Comnmi tted-58 worker -Comnmitted-66 worker -Committed-57 worker -Commi tted-58 worker-Committed-c9

worker -Dissatisfied-18 worker -Dissatisfied-19 worker-Dissatisfied-20 worker-Dissatisfied-21 worker -Dissatisfied-zz
worker -Dissatisfied-23 worker -Dissatisfied-24 worker -Dissatisfied-80 worker-Dissatisfied-61 worker -Dissatisfied-62
worker -Dissatisfied-63 worker -Dissatisfied-64 worker-Dissatisfied-80 worker-Dissatisfied-66 worker -Dissatisfied-67
worker -Dissatisfied-68 worker-Dissatisfied-s9

worker -satisfied-30 worker-satisfied-31 worker -satisfied-32 worker-satisfied-33 worker-satisfied-34 worker -satisfied-36
worker -satisfied-36 worker-satisfied-37 worker -satisfied-3 worker-satisfied-3 worker-satisfied-40 worker -satisfied-41
worker -satisfied-42 worker-satisfied-43 worker-satisfied-44 worker-satisfied-45 worker-satisfied-46 worker-satisfied-47
worker -satisfied-48 worker-satisfied-49 worker-satisfied-50 worker-satisfied-cl worker-satisfied-c2 worker-satisfied-53
worker -satisfied-54
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HEEEEEEEEEEEEPEP Set up/Initialization --------mmmmemmaaaaan
to setup ; Clear all // create workers // reset time
ca

sage distrbution by satisfaction (1998 distribution)

set  worker-Commtted-25 (0.0E90335168079761) set  worker -Committed-26 (005903351689 79 7E1)

set  worker-Committed-27 (0.0590333168979761) set  worker-Commmitted-28 (0.05903331689 79 751)

set  worker-Committed-20 (0.0E90333168979751) set  worker-Comnmitted-58 (0.0980095FE4603182)

set  worker-Committed-56 (0.0980095764603152) set  worker-Committed-57 (0.0080995 76460318 2)

set  worker-Committed-88 (D.09800457E4603152) set  worker -Commmitted-59 (0.0080809C0 64603518 2)

set  worker-Dissatisfied-18 (0.0L7671l8CEC026804) set  worker-Dissatisfied-19 (0.0L767LEECECZEE04)
set  worker-Dissatisfied-20 (D.03M023z00600929) set  worker-Dissatisfied-21 (0.0320023300601929)
set  worker-Dissatisfied-22 (D.032023200601929) set  worker -Dissatisfied-23 (0.032023300601929)
set  worker-Dissatisfied-24 (D.032023300601929) set  worker-Dissatisfied-s0 (D.0687094371331226)
set  worker-Dissatisfied-61 (D.0687004371331226) set  worker-Dissatisfied-s2 (0.0687004371331226)
set  worker-Dissatisfied-63 (D.06870A4371331226) set  worker -Dissatisfied-64 (0.068 7004371331226
set  worker-Dissatisfied-65 (D.0Z80G074128034E3) set  worker-Dissatisfied-86 (D.02806074L2E03403)
set  worker-Dissatisfied-67 (0.0280607412653463) set  worker-Dissatisfied-88 (0.028069 74125534630
set  worker-Dissatisfied-68 (D.0Z80687412653453) set  worker-satisfied-30 (0,028 798918 20 20959 2)

set  worker-satisfied-31 (0.0Z87980182020002) set  worker-satisfied-32 (0,028 798018262000 2)
set  worker-satisfied-33 (D.02e7o89152020992) set  worker-satisfied-34 (0.028798018 262099 2)
set  worker-satisfied-35 (0.0397891932697265) set  worker -satisfied-36 (0.0397891932697265)
set  worker-satisfied-37 (0.03097891932607265) set  worker -satisfied-3 (0.030 789193269 726C0)
set  worker-satisfied-3 (0.03097891932607268) set  worker-satisfied-40 (0.0478608 286454168
set  worker-satisfied-41 (0.0478608 2236404165) set  worker-satisfied-42 (0.0478608 286404166)
set  worker-satisfied-43 (0.0478608 286404168) set  worker -satisfied-44 (0.0478608 3564041650)
set  worker-satisfied-46 (0.0EC8E33002809806) set  worker-satisfied-46 (0.0CSSE33002EE9806)
set  worker-satisfied-47 (0.0ECEC33002089806) set  worker-satisfied-48 (0.0SCEE33002650806)
set  worker-satisfied-49 (0.0CCAC330C2CCO506) set  worker -satisfied-80 (0,050 342 3793048)
set  worker-satisfied-51 (0.0503934293703043) set  worker-satisfied-52 (0.0F0393429379 3043 )
set  worker-satisfied-63 (0,000 3420 3703048) set  worker-satisfied-§4 (0.00030 34203793548
HEEEE T T Creating Initial Worker Population---------

make -workers_undecided
make -workers_commi tted
make -workers_satisfied

set Population_18to24_prior_yr count turtles with [Group_l8toz4]
set Population_25to29_prior_yr count turtles with [Group_25toza]
et Population_30to34_prior_yr count turtles with [Group_30to34]
set Population_3Sto38_prior_yr count turtles with [Group_3tto3a]
set Population_4Ctodd_prior_yr count turtles with [Group_s0tod4]
set Population_45to4d_prior_yr count turtles with [Group_45to4a]
zet Population_SOtof4_prior_yr count turtles with [Sroup_sotos4]
set Population_30toB4_prior_yr count turtles with [Group_30tof4]
set Population_EEtofd_prior_yr count turtles with [Group_EEtofa]
set Population_S0orMore_prior_yr count turtles with [Group_s0Oormore]

set Attrition-Prior 8] 3 set dinitial attrition
set Time-keeper-years O 3 oset dnitial time
reset-ticks
end
HEEE PP R ouitting Sub Routing =------eemmemmmemnann
to quit 53 Command to count workers that leawe the workforce

set quitter quitter + 1

if Group_l8to24 [set attrition_l8to24 attrition_l8to24
if Group_26to2e [set attrition_25toZ attrition_zftoz
if Group_3Tto34 [set attrition_30to34 attrition_30to34
if Group_3Eto30 [set attrition_3Eto3d attrition_3Sto3m
if Group_40to44 [set attrition_40to44 attrition_s0tod4
if Group_45to49 [set attrition_4Eto4d attrition_4ftod49
if Group_EOtok4 [set attrition_EOtoE4 attrition_ECtob4
if Group_30tof4 [set attrition_30tof4 attrition_30tob4
if Group_EEtofd [set attrition_EEtofd attrition_EStofd + 1]

if Group_SCormore [set attrition_S0orMore attrition_GOorMore + 1]

P
=
O

set pcolor [265 O 0] § Displays Tocation of where a worker quits
set Tocationx pxcor

set Tocationy pycor

die

end

i-- -- New worker Sub Routine --

to new_werler
Tet age-list [ 6L 66 67 68 69 60 61 62 63 64 BB &
36 36 3F 3 30 4041 42 43 44 19 18

+
B

31 32 33 34 26 X 27

let prob-table [

let create-worker quitter - attrition
repeat create-worker

[ et prob random-float 1.0
let age-select length filter [F < prob] prob-table ;
crt 1 [set color 1E
set satisfaction new-workers_starting_satisfaction jStarting satisfaction s globally set

set age item age-select age-list sage is determined from the historical probability
et worker-type “new"” sDistinguishes new workers from existing
set starting-age age sCaptures starting age of new workers

pen-up
setxy Tocationx Jocationy
set stopped? false

set total-distance-moved O
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set group-id self ]

set new-worker-count new-worker-count + create-worker

end
HEE R L e Evaluating if workers have stopped/Maintaining Model Time----eceommmmmmccmaaan
to go

set Yemr Time-keeper-years

et Time-kesper-years floor (ticks / £2)

s5topping Conditions

if count turtles
if count turtles

0 [set model-result -1 ) ]
o [ stop ]

ask turtles [

set previous-patch patch-here ; establish starting position
seak-satisfaction 33 seeking satisfaction
if not stopped? [set total-distance-moved (total-distance-moved + (distance previous-patch))] jcaloulate distance traveled
ask 1inks [ if Tink-length = satisfaction-radius [ die 1 ]
]

3 place Timits on the satisfaction value
ask turtles with [ satisfaction » 100 ] [ set satisfaction 1001
set attrition quitter

setting max satisfaction

ask turtles with [satisfaction < 0 ]
[ quit

if quitter = attrition [hew_worker] ;3 Replacing workers

color-turtles
count turtles = O [do-plotting]

any? (turtles) [set average-satisfaction mean [satisfaction] of turtles]
any? (turtles) [set average-migration mean [total-distance-mowed] of turtles]
any? (turtles) [set average-age mean [age] of turtles]

HEE R ittt Data Monitors for attrition-m---omm e e e e e
attrition-rate {workers-satisfied + workers-committed + workers-undecided - count turtles)
S(workers-satisfied + workers-undecided + workers-committed)

set attrition-satisfied ( count turtles with [satisfaction >= workers-satisfied_minimum_satisfaction] - workers-satisfied)
set attrition-committed { count turtles with

[satizfaction »= workers-commtted_minimm satisfaction and satisfaction < workers-satisfied_minimum_satisfaction] - workers-committed)
set attrition-undecided ( count turtles with

[satisfaction »= workers-undecided_minimum_satisfaction and satisfaction < workers-committed_minimum_satisfaction] - workers-undecided)
set attrition-unsatisfied ( count turtles with

[satisfaction == 0 and satisfaction < workers-undecided_mminimum_satisfaction] )

set attrition-satisfied-rate { count turtles with
[atisfaction »= workers-satisfied_minimm_satisfaction] - workers-satisfied)
Siworkers-satisfied + workers-undecided + workers-commritted)

set attrition-committed-rate { count turtles with
[zatisfaction »= workers-commtted_minimum_satisfaction and satisfaction < workers-satisfied_minimum_satisfaction]
- workers-committed)/ (workers-satisfied + workers-undecided + workers-committed)
set attrition-undecided-rate { count turtles with
[satisfaction == workers-undecided_minimum_satisfaction and satisfaction < workers-commtted_minimum_satisfaction]
- workers-undecided)/ (workers-satisfied + workers-undecided + workers-committed)
set attrition-unsatisfied-rate ( count turtles with
[satisfaction == 0 and satisfaction < workers-undecided_minimum_satisfaction])/ (workers-satisfied
+ workers-undecided + workers-committed)

ifelse (attrition-rate > O)
[set attrition-ratio-satisfied_current (attrition-satisfied-rate / attrition-rate)
set attrition-ratio-committed_current (attrition-committed-rate / attrition-rate)
set attrition-ratio-undecided_unsatisfied_current
({ attrition-undecided-rate + attrition-unsatisfied-rate) / attrition-rata)

if vear = 0

[set attrition-Prior O

set attrition_18to24_prior_yr O
set attrition_3Sto30_prior_yr O
set attrition_SOtob4_prior_yr O

set attrition_25to29_prior_yr O set attrition_30to34 _prior_yr O
set attrition_40todd_prior_yr O set attrition_45to49_prior_yr O
set attrition_30tof4_prior_yr O set attrition_EEtof9_prior_yr O

et attrition_GoorMare_prior_yr O

set attrition_18to24_current_yr (attrition_l8to24 ) set attrition_25to29_current_yr (attrition_25toz9)
set attrition_30te34 current_yr (attrition_30to34 ) set attrition_3Ste3@_current_yr (attrition_3Sto3d)
set attrition_40to4d_current_yr (Attrition_40to4d ) set attrition_4Sto49_current_yr (Attritjon_4cto4o)
set attrition_SOtoS4_current_yr (attrition_SOtoS4 ) set attrition_30toS4_current_yr (Attrition_30tot4)
set (attrition_EStofd ) set attrition_soorMore_current_yr (attrition_S0orMore)

if e

attrition_EStoto_current_yr
]

ar < Time-keeper-years

[ set attrition-Current {quitter - Attrition-Prior)

Set Attrition by age group f

o the year

5 Calculating Attrition

set attrition_l8to24_current_yr (attrition_l8to24 - attrition_l8to24_prior_yr)
set attrition_25to29_current_yr (attrition_25to2 - attrition_2Cto20_prior_yr)
set attrition_30to34_current_yr (attrition_30to34 - attrition_30to34_prior_yr)
set attrition_3bto30_current_y (ARttrition_3tto3 - attrition_35te3@_prior_yr)
S8t attrition_40to44_current_yr (Ettritjon_40to44 - attrition_40to$d prior_y)
set attrition_45to49_current_yr (attrition_45to4d - attrition_4Sto4o_prior_yr)
set attrition_tOtof4_current_yr (attrition_SCtet4 - attrition_Sotob4_prior_yr)
set attrition_30tob4_current_y (Attrition_30tot4 - attrition_30teb4_prior_yr)
set attrition_EEtof9_current_yr (attrition_SEtofd - attrition_EStafo_prior_yr)
set attrition_G0orMore_current_yr (attrition_S0orMore - attrition_S0orMore_prior_yr)
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set Attrition-Prior ( Attrition-Prior + Attrition-Current )

set attrition_1l8to24 prior_yr ( attrition_18to24 prior_yr + attrition_18to24_current_yr )
et attrition_2Eto2@_prior_yr ( attrition_2Sto2@_prior_yr + attrition_2Eto29_current_yr )
set attrition_30to34_prior_yr ( attrition_30to34_prior_y + attrition_30to34_current_yr )
set attrition_3Sto3_prior_yr ( attrition_3tto3@_prior_yr + attrition_35to3_current_yr )
set attrition_40to4d prior_w © attrition_40todd prior_yw + attrition_40tod4_current_yr )
set attrition_45to49_prior_yr ( attrition_45to49_prior_yr + attrition_45to49_current_yr )
set attrition_SCtoB4_prior_yr ( attrition_BOtob4_prior_yr + attrition_SOtob4_current_yr )
set attrition_30tot4_prior_yr ( attrition_30tot4 prior_yr + attrition_30tob4_current_yr )
set attrition_EEtofo_prior_w { attrition_EEtofS_prior_y + attrition_EEtoE9_current_yr )
set attrition_G0orMore_prior_yr { attrition_GDorMore_prior_yr + attrition_SorMore_current_yr )

; Set Attrition rate by age group for the year
set attrition-rate-current-year (Attrition-cCurrent / count turtles)

ifelse Population_l&to24 prior_yr » O

[set attrition-rate_l8to24_current_y attrition_leto24_current_yr / Population_leto24_prior_yr
set attrition-rate_18to24_cum attrition-rate_18to24_cum + attrition-rate_l8to24_current_yr ]
[set attrition-rate_l8to24_current_yr O ]

ifelse Population_28to29_prior_yr > O

[set attrition-rate_2Eto20_current_yr attrition_2Eto2_current_yr / Population_25to29_prior_yr
set attrition-rate_2Eto29_cum attrition-rate_2Eto29_cum + attrition-rate_2fto2@_current_yr]

[set attrition-rate_2EtoZo_current_yr O]

ifelse Population_30to34_prior_yr = 0

[set attrition-rate_30to3_current_yr attrition_30to34_current_yr / Population_30to34_prior_y
set attrition-rate_30to34_cum attrition-rate_30to34_cum + attrition-rate_30to34_current_yr]

[set attrition-rate_30to34_current_yr 0]

jfelse Population_35to38_prior_y = O

[set attrition-rate_3tto3_current_yr attrition_35to3@_current_yr / Population_35to30_prior_yr
set attrition-rate_35to39_cum attrition-rate_35to39_cum + attrition-rate_3Sto30_current_yr]

[set attrition-rate_35to3_currant_yr O]

ifelse Population_40todd_prior_yr = 0

[set attrition-rate_40todd_current_yr attrition_d40todd_current_yr / Population_40todd_prior_yr
et attrition-rate_40to44_cum attrition-rate_40to4d_cum + attrition-rate_40to4d_current_yr]

[set attrition-rate_s0to4d_current_yr 0]

ifelse Population_45tod9_prior_yr » O

[set attrition-rate_4Eto4d_current_yr attrition_45to49_current_yr / Population_45to48_prior_y
set attrition-rate_45to49_cum attrition-rate_45to49_cum + attrition-rate_45to4o_current_yr]

[set attrition-rate_4Eto4d_current_yr 0]

ifelse Population_SCtoS4_prior_yr = O

[set attrition-rate_totoS4_current_yr attrition_SOtoS4_current_yr / Population_SCtoS4_prior_yr
set attrition-rate_EOtob4_cum attrition-rate_EO0tob4_cum + attrition-rate_Sotof4_current_yr]

[set attrition-rate_EOtob4_current_yr O]

ifelse Population_30toS4_prior_yr = 0O

[ set attrition-rate_30tob4_current_yr attrition_30tob4_current_yr / Population_30tob4_prior_yr
set attrition-rate_30tof4_cum attrition-rate_30tof4_cum + attrition-rate_30tof4_current_yr]

[set attrition-rate_30toS4_current_yr 0]

ifelse Population_SEtofa_prior_yr » O
[set attrition-rate_SEtoSd_current_yr attrition_EEtofd_current_yr / Population_EStoSa_prior_yr
set attrition-rate_EEtoE9_cum attrition-rate_EEtoE9_cum + attrition-rate_EStefd_current_yr]
[set attrition-rate_EEtoE9_current_yr 0]

ifelse Population_GlorMare_prior_yr = O
[set attrition-rate_é0orMore_current_yr attrition_s0orMore_current_yr / Population_g0orMore_prior_yr
et attrition-rate_s0orMore_cum attrition-rate_g0orMore_cum + attrition-rate_60orMare_current_y-]
[set attrition-rate_GoorMare_current_y 0]

3 Set Population basis by age group for the wear
set Population_l8to24 prior_yr count turtles with
set Population_25to29_prior_yr count turtles with
set Population_25to20_prior_yr count turtles with
set Population_30to34 prior_yr count turtles with
et Population_35to3_prior_yr count turtles with
set Population_sCtodd_prior_yr count turtles with
set Population_45tod9_prior_yr count turtles with
set Population_ECtob4 prior_yr count turtles with
et Population_30tof4_prior_yr count turtles with [Group_3C0tob4]

set Population_S5toB9_prior_yr count turtles with [Group_55tofe]

set Population_G0orMore_prior_yr count turtles with [Group_6oorkore]

[Group_l&to24]
[Group_25to29]
[Group_25to29]
[Group_30to34]
[Group_35to38]
[Group_4cto44]
[Group_45to49]
[Group_ECtob4]

if all? turtles [stopped?]
[set model-result €1 3 ]
]

[ set attrition-ratio-satisfied_current (0)
set attrition-ratio-committed_current (0)
set attrition-ratio-undecided_unsatisfied_current (03]

calls the group function at the beginning of each year
Counting groups

if vear < Time-keeper-years H
[ grouping-ewval H
tick

end
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ask turtles [ ifelse { satisfied? ) [ set color &4 ]
[ifelse ( committed?) [ set color 66 ]
[ ifelse ( undecideds) [ set color &g ]
[ ifelse { new-Worker?) [ set color 16 ]
]

[ set color gray 11 1

Functions for the display of the workers

end
to paint-in-radius
clear -patches
ask turtles
[ paint-agents patches in-radius satisfaction-radius ]
end
to paint-agents [agents]
ask agents [ set pcolor [color] of myself - 2 ]
end
to clear-radius
clear-patches
end
R e EEEE L EE PR PP LR Functions to create workers -------oommmm oo
to make-workers_satisfied
set-default-shape turtles "circle”
crt workers-satisfied * worker-satisfied-30 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 30]
crt workers-satisfied * worker-satisfied-31 [set color &4 set satisfaction werkers-satisfied_starting_satisfaction set age 31]
crt workers-satisfied * worker-satisfied-32 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 3z]
crt workers-satisfied * worker-satisfied-33 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 33]
crt workers-satisfied * worker-satisfied-34 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 34]
crt workers-satisfied * worker-satisfied-38 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 3t]
crt workers-satisfied * worker-satisfied-36 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 35]
crt workers-satisfied * worker-satisfied-37 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 37]
crt workers-satisfied * worker-satisfied-2 [set color &4 set satisfaction werkers-satisfied_starting_satisfaction set age ]
crt workers-satisfied * worker-satisfied-30 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 3]
crt workers-satisfied * worker-satisfied-40 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 40]
crt workers-satisfied * worker-satisfied-41 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 41]
crt workers-satisfied * worker-satisfied-42 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 42]
crt workers-satisfied * worker-satisfied-43 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 43]
crt workers-satisfied * worker-satisfied-44 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 44]
crt workers-satisfied * worker-satisfied-4f [set color &4 set satisfaction werkers-satisfied_starting_satisfaction set age 4£]
crt workers-satisfied * worker-satisfied-46 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 4&]
crt workers-satisfied * worker-satisfied-47 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 47]
crt workers-satisfied * worker-satisfied-48 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 48]
crt workers-satisfied * worker-satisfied-49 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age 40]
crt workers-satisfied * worker-satisfied-5o [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age £o]
crt workers-satisfied * worker-satisfied-tl [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age £1]
crt workers-satisfied * worker-satisfied-£2 [set color &4 set satisfaction werkers-satisfied_starting_satisfaction set age £Z]
crt workers-satisfied * worker-satisfied-c3 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age £3]
crt workers-satisfied * worker-satisfied-54 [set color 64 set satisfaction workers-satisfied_starting_satisfaction set age £4]
ask turtles
[ pen-up
setxy random-xcor random-ycor
set stopped? false
set total -distance-moved O
set group-id self
]
end
to make -workers_comm tted
set-default-shape turtles "squars”
crt workers-committed ¢ worker-Committed-28 [set color 66 set satisfaction workers-committed_starting_satisfaction set age 2£]
crt workers-committed © worker-Committed-26 [set color 66 set satisfaction workers-committed_starting_satisfaction set age 25]
crt workers-commtted ¢ worker-Committed-27 [set color 66 set satisfaction workers-committed_starting_satisfaction set age 27
crt workers-commtted ¢ worker-Committed-28 [set color 66 set satisfaction workers-committed_starting_satisfaction set age 28]
crt workers-committed ¢ worker -Committed-20 [set color 66 set satisfaction workers-committed_starting_satisfaction set age 29]
crt workers-commtted ¢ worker-Committed-cE [set color 66 set satisfaction workers-committed_starting_satisfaction set age 5t
crt workers-committed ¢ worker-Committed-56 [set color 66 set satisfaction workers-commmitted_starting_satisfaction set age &6)
crt workers-committed ¢ worker -Committed-57 [set color 66 set satisfaction workers-committed_starting_satisfaction set age £7]
crt workers-committed © worker -Committed-t8 [set color &6 set satisfaction werkers-committed_starting_satisfaction set age £g]
crt workers-commtted ¢ worker-Committed-t9 [set color 66 set satisfaction workers-committed_starting_satisfaction set age £o]
ask turtles
[ pen-up
setxy random-xcor random-ycor
set stopped? false
set total-distance-moved O
et group-id se1f
]
end
to make-workers_undecided
set-default-shape turtles "triangle”
crt workers-undecided * worker-pissatisfied-18 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age 18]
crt workers-undecided * worker -Dissatisfied-19 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age 19]
crt workers-undecided * worker -Dissatisfied-20 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age 20]
crt workers-undecided * worker -Dissatisfied-ZL [set color &8 set satisfaction workers-undecided_starting_satisfaction set age 1]
crt workers-undecided * worker-pissatisfied-zz [set color 68 set satisfaction workers-undecided_starting_satisfaction set age 22]
crt workers-undecided * worker -Dissatisfied-23 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age 23]
crt workers-undecided * worker -Iissatisfied-24 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age 24]
crt workers-undecided * worker-pissatisfied-60 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &0]
crt workers-undecided © worker-Dissatisfied-61 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &1]
crt workers-undecided * worker -Dissatisfied-62 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &2]
crt workers-undecided * worker -Dissatisfied-63 [set color &5 set satisfaction workers-undecided_starting_satisfaction set age &3]
crt workers-undecided * worker-pissatisfied-64 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &4]
crt workers-undecided * worker -Dissatisfied-65 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &5]
crt workers-undecided * worker -Dissatisfied-66 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &&]
crt workers-undecided © worker-pissatisfied-67 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &7]
crt workers-undecided * worker-pissatisfied-68 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age e8]
crt workers-undecided * worker -Dissatisfied-69 [set color 68 set satisfaction workers-undecided_starting_satisfaction set age &3]
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ask turtles

[ pen-up
setxy random-xcor random-ycor
set stopped? false
set total-distance-moved O
set group-id self
1

5 seeking satisfaction based on neighboring workers
to seek-satisfaction

set nearby-workers (turtles in-radius satisfaction-radius) with [5elf != myself]

ifelse any? nearby-workers 33 check for surrounding workers and workers move if below satisfaction threshold
[set nearby-workers-satisfaction mean [satisfaction] of nearby-workers

ifelse age = 59 j
L

ifelse { nearby-workers-satisfaction » satisfaction-threshold-eoormore )

[set satisfaction satisfaction - satisfaction-growth-positive * Growth-Factor-80ormore
set stopped? trus]

[set satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-G0ormore
fd Patches-per-Tick-Movement 1t random 50 rt random 50
et stopped? false]

[ifelse age <= 24

ifelse { nearby-workers-satisfaction = satisfaction-threshold-18to24 )

[set satisfaction satisfaction - satisfaction-growth-positive * Growth-Factor-18toz4
set stopped? true]

[set satisfaction satisfaction - satisfaction-growth-negative
fd Patches-per-Tick-Movement 1t random E0 rt random £
set stopped? false]

1

* Decay-Factor-18to24

[ifelse ((age = 24) and (age <= 29))
[

ifelse  ( nearby-workers-satisfaction » satisfaction-threshold-zttez )
[set satisfaction satisfaction + satisfaction-growth-positiwe * Growth-Factor-25toze
set stopped? true]
[zet satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-2ito29
fd Patches-per-Tick-mMovement 1t random S0 rt random S0
set stopped? false]
1;

[ifelse f(age = 20 and age == 34)
L

ifelse  ( nearby-workers-satisfaction » satisfaction-threshold 3
[set satisfaction satisfaction + satisfaction-growth-positive * Growth-Factor-30to34
set stopped? trus]
[zet satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-30to34
fd Patches-per-Tick-Movement 1t random 50 rt random S0
set stopped? false]

1

[ifelse (age > =4 and age <= 39)

ifelse { nearby-workers-satisfaction » satisfaction-threshold )
[zet satisfaction satisfaction + satisfaction-growth-positive * Growth-Factor-35to3
set stopped? trusl
[set satisfaction satisfaction - satisfaction-growth-negatiwve * Decay-Factor-3Gto38
fd Patches-per-Tick-Movement 1t random 50 rt random 50
set stopped? false]
1;

[ifelse fage = 30 and age <= 44)
[

ifelse { nearby-workers-satisfaction » satisfaction-threshold )
[set satisfaction satisfaction + satisfaction-growth-positive * Growth-Factor-40tod4
set stopped? trus]
[zet satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-40to44
fd Patches-per-Tick-Mowvement 1t random S0 rt random S0
set stopped? false]

Ll
[ifelse (age > 44 and age <= 49)
L

ifelse  { nearby-workers-satisfaction = satisfaction-threshold-45to4a )
[set satisfaction satisfaction + satisfaction-growth-positive * Growth-Factor-45tods
set stopped? true]
[set satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-45tod49
fd Patches-per-Tick-Movement 1t random 50 rt random 50
set stopped? false]

H
[ifelse (age = 49 and age == 54)
[

ifelse  ( nearby-workers-satisfaction » satisfaction-threshold-sotacs 3
[set satisfaction satisfaction + satisfaction-growth-positive * Growth-Factor-S0toS4
set stopped? true]
[zet satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-totot4
fd Patches-per-Tick-Movement 1t random 50 rt random 50
set stopped? false]
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[ifelse (age > &4 and age <= £9)
L

ifelse { nearby-workers-satisfaction = satisfaction-threshold-SStota )
[set satisfaction satisfaction - satisfaction-growth-positive * Growth-Factor-SEtefd
set stopped? true]
[set satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-5Stofd
fd Patches-per-Tick-Movement 1t random 50 rt random 5O
set stoppedr falsel

[set satisfaction satisfaction + satisfaction-growth-positive ]

1
create-Tink-with one-of nearby-workers § displays Tlinks between co-workers

siLosing satisfaction if not din a group
[ ifelse age » 9 ;
[set satisfaction satisfaction - satisfaction-growth-negative * Decay- Factor Goormore 1
[ifelse age <= 24
[set satisfaction satisfaction - satisfaction-growth-negative * Decay- Factor 15to24 ]

[ifalse ((age > 24) and (age <= 29))
[set satisfaction satisfaction - satisfaction-growth-negatiwe * Decay-Factor-2Gto2a ] ;
[ifelse (age » =9 and age <= 34)
[set satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-30to34 ] ;
[ifelse (age = 34 and age <= 39
[set satisfaction satisfaction - satisfaction-growth-negative ¢ Decay-Factor-3Sto3o ]
[ifelse (age » = and age <= 44)
[set satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-40todt ]
[ifelse (age = 44 and age == 49)
[zet satisfaction satisfaction - satisfaction-growth-negatiwe * Decay-Factor-45to4e ] ;
[ifelse (age > 49 and age <= £4)
[set satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-Gotof4 ]
[ifelse (age = E4 and age == 59}
[set satisfaction satisfaction - satisfaction-growth-negative * Decay-Factor-EEtobs ] ;
[set satisfaction satisfaction - satisfaction-growth-negative ]

fd Patches-per-Tick-Movement 1t random 50 rt random to 33 if there aren't workers nearby keep sesking
set stopped? false
]

set age age + 1 / 52 ; each tick represents 1 week
end

i- -subrouting for evaTuaTT g grOUPS - - - oo oo o oo o o
Based on routine provided in 3 Aug 201

to grouping-eval

let temp O
Tet fm O

et t-Tist []
Tet a-Tist []
Tet i-Tist []
Tet g-Tist []
let t-Toop O
let a-Toop O
let flocktmp O
Tet n-Tist []
let again O
let agent O

set t-Tist []

sat g-Tist []

set group_lists []
set i-Tist

set a-1ist []

set n-Tist []

set t-Tist [who] of turtles
set population count turtles + attrition + new-worker -count

repeat population [set a-1ist Tput [] a-1ist] ; set up 1ist with one entry per agent (t-1ist is comvienent)
foreach t-1ist 33 create a 1ist equivalent to agentset flockmate - called "a-1ist”
[ set agent turtle 7

if agent != nobody
[set fm [nearby-workers] of (agent)]
ifelse fm 1= 0
[set temp [u.ho] of fm] ; Tist of flockmates for 7
"]

[set temp *
if length temp = O [set a-list replace-item 7 a-Tist (sentence 7 temp)]
]

set n-Tist filter [length item 7 a-Tist = 0] t-Tist
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while [ length n-Tist = 0]
[

set g-Tist item {item O n-Tist) a-Tist
set again trus

while [again]
[ set again false

foreach t-list ;; Loop over all agents
[ set t-Toop 7
set flocktmp item t-loop a-list
if (not member? t-Toop i-1ist and not empty? flocktmp)
[ foreach flocktmp 33 insert flock mates dnto a-1ist
[ set a-Toop ¥
if (not member? a-loop i-1ist and Tength item a-Toop a-1ist > 1 and member? a-loop g-Tist)
[ set g-list replace-item (position a-loop g-Tist) g-Tist (item a-Toop a-1istd ;; replace with Tist
et j-Tist Tput a-Toop i-1ist
set g-Tist reduce [sentence 71 72 ] g-1ist
set g-Tist sort remove-duplicates g-Tlist
et again trus

flattens T1ist of lists

i
31 remove duplicates

1 ;3 end foreach over g-list - at end - have a complete group Tlist

1
1 3 end Toop over t-Tist and if test
sprint g-Tist
1 33 Toop over while again - continue until no new agents added

set group_Tlists lput g-Tist group_Tists

set temp reduce [sentence T1 72 ] group_lists

set n-Tist filter [not member? 7 templ t-list

set n-Tist filter [ength item ¥ a-1ist » 0] n-Tist
1 ; loop ower while n-Tist

5 print Tist "group_Tists” group_Tists

set group_sizes sort map [ length 7 1 group_lists
sprint Tist "group sizes:” group_sizes

set mate_sizes map [ Tength item 7 a-T1ist] t-Tist

i3 Reporters

set GroupCount length (group_sizes) FGROUP wariables

set GroupSizefAverage mean (group_sizes) $GROUP Wariables

set GroupSizeMax max (group_sizes) $GROUP variahles

set Groupsizemedian median (group_sizes) FGROUP variables

set GroupSizeCount Tength (group_sizes) $GROUP wariables

Set TransitioningIndividuals (count turtles - (GroupSizesverage * GroupSizeCount))
end

§i---mm-m—mme- R O I S = = - = — - m oo oo o

to-report satisfied?
report satisfaction == workers-satisfied_minimm_satisfaction
end

to-report commtted?
report satisfaction == worlkers-comm tted_minimm_satisfaction
and satisfaction < workers-satisfied_minimum_satisfaction
end

to-report undecided?
report satisfaction == workers-undecided_minimum_satisfaction
and satisfaction < workers-commtted_mindimum_satisfaction
end

to-report unsatisfied?
report satisfaction == 0 and satisfaction < workers-undecided_minimum_satisfaction
end

to-report new-worker?
report worker-type ="new”
end

to-report Group_letoz4
report round age <= 24
end

to-report Group_2Eto
report round age = 24 and round age <= 29
end

to-report Group_30to34
report round age = 20 and round age <= 34
end

to-report Group_3Eto3s
report round age = 34 and round age <= 39
end

to-report Group_$otodt
report round age > 3 and round age <= 44
end

to-report Group_45to4s
report round age = 44 and round age <= 49
end

to-report Group_SOtoS4

report round age = 49 and round age <= t4
and
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to-report Group_30tosd
report round age > 20 and round age <= t4
end

to-report Group_5Etots
report round age > E4 and round age <= £9
end

to-report Group_SCorMore
report round age = £9
end

set-current-plot "avg. satisfaction”
set-current-plot-pen "satisfaction”
plotxy year mean [ satisfaction ] of turtles

set-current-plot "avg. Age”
set-current-plot-pen "age”
plotzy year mean [ age ] of turtles

set-current-plot "Distribution of satisfaction”

set-current-plot-pen “satisfied”

plotsy wear count turtles with [ satisfied? ]
set-current-plot-pen "Committed”

plotxy year count turtles with [ committeds ]
set-current-plot-paen "Undecided”

plotxy wear count turtles with [ undecided? ]
set-current-plot-pen “Unsatisfied”

plotxy year count turtles with [ unsatisfied? ]
set-current-plot-pen "Total workers”

plotxy wear count turtles

set-current-plot "attrition”
set-current-plot-pen "sttrition”
plotxy year attrition-rate-current-year

set-current-plot "attrition by age Group”

set-current-plot-pen "Attrition”

plotxy year attrition-rate-current-year
set-current-plot-pen “18toz4”

plotxy year attrition-rate_l8to24 current_yr
set-current-plot-pen "25toz”

plotxy year attrition-rate_25to29_current_yr
set-current-plot-pen "30tot4”

plotxy year attrition-rate_30toS4_current_yr
set-current-plot-pen “LEtofa”

plotxy year attrition-rate_EEtold_current_yr
set-current-plot-pen “Goorkore”

plotxy year attrition-rate_S0orMore_current_yr

set-current-plot "Distribution of Age Groups”
set-current-plot-pen "18to24”
plotxy wear count turtles with [ Group_l&to24 ]
set-current-plot-pen “2Etoz”
plotxy year count turtles with [ Group_zstozs ]
set-current-plot-pen "30tot4”
plotxy year count turtles with [ Group_30toE4 ]
set-current-plot-pen "EEtofa”
plotxy year count turtles with [ Group_5stoss ]
set-current-plot-pen "GoorMore”
plotxy wear count turtles with [ Group_Soormore ]
set-current-plot-pen "Total workers”
plotxy wear count turtles
end
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Appendix D - Systems Dynamics Model Equations

// Initialization parameters are based on the US Government workforce age distribution of 1998,
and the average attrition rates and the new hire age distribution from 1998 to 2011.

Grp18to24(t) = Grp18to24(t - dt) + (NW18t024 - T18t024 - Q18t024) * dt
INIT Grp18to24 = 3279

INFLOWS:

NW18to24 = NewWorkerRate18to24*Attrition

OUTFLOWS:

T18t024 = Grp18to24 /7

Q18to24 = Grp18to24*AttritionRate18to24

Grp25t029(t) = Grp25t029(t - dt) + (T18to24 + NW25t029 - Q25t029 - T25t029) * dt
INIT Grp25t029 = 6074

INFLOWS:

T18t024 = Grp18to24 /7

NW25t029 = NewWorkerRate25t029* Attrition

OUTFLOWS:

Q25t029 = Grp25t029*AttritionRate25t029

T25t029 = Grp25t029/5

Grp30to34(t) = Grp30to34(t - dt) + (NW30to34 + T25t029 - Q30to34 - T30t034) * dt
INIT Grp30to34 = 8473

INFLOWS:

NW30to34 = NewWorkerRate30to34*Attrition

T25t029 = Grp25t029/5

OUTFLOWS:

Q30to34 = Grp30to34*AttritionRate30to34

T30t034 = Grp30to34/5

Grp35t039(t) = Grp35to39(t - dt) + (NW35t039 + T30t034 - Q35t039 - T35t039) * dt
INIT Grp35t039=11101

INFLOWS:

NW35t039 = NewWorkerRate35t039*Attrition

T30t034 = Grp30to34/5

OUTFLOWS:

Q35t039 = Grp35to39*AttritionRate35t039

T35t039 = Grp35t039/5

Grp40to44(t) = Grp40tod4(t - dt) + (NW40to44 + T35t039 - Q40tod4 - T40to44) * dt
INIT Grp40to44 = 14282

INFLOWS:

NW40to44 = NewWorkerRate40to44* Attrition

T35t039 = Grp35t039/5

OUTFLOWS:

Q40to44 = Grp40to44*AttritionRate40to44

T40to44 = Grp40to4d4/5

Grp45t049(t) = Grp45tod9(t - dt) + (NW45t049 + T40to44 - Q45049 - T45t049) * dt

INIT Grp45tod9 = 17276
INFLOWS:
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NW45t049 = NewWorkerRate45to49* Attrition
T40to44 = Grp40to44/5

OUTFLOWS:

Q45t049 = Grp45to49*AttritionRate45to49
T45t049 = Grp45t049/5

Grp50to54(t) = Grp50toS54(t - dt) + (NW50to54 + T45t049 - Q50to54 - T50to54) * dt
INIT Grp50to54 = 17951

INFLOWS:

NW50to54 = NewWorkerRate50to54*Attrition

T45t049 = Grp45to49/5

OUTFLOWS:

Q50to54 = Grp50to54*AttritionRate50to54

T50to54 = Grp50to54/5

Grp55t059(t) = Grp55t059(t - dt) + (NW55t059 + T50t054 - Q55t059 - T55t059) * dt
INIT Grp55t059 = 12944

INFLOWS:

NW55t059 = NewWorkerRate55t059* Attrition

T50to54 = Grp50to54/5

OUTFLOWS:

Q55t059 = Grp55to59*AttritionRate55t059

T55t059 = Grp55t059/5

Grp60ormore(t) = Grp60ormore(t - dt) + (NW60ormore + T55t059 - Q60ormore) * dt
INIT Grp60ormore = 8618

INFLOWS:

NWo60ormore = NewWorkerRate60ormore*Attrition

T55t059 = Grp55t059/5

OUTFLOWS:

Q60ormore = Grp60ormore* AttritionRate60ormore

Attrition = Q18t024+Q25t029+Q30t034+Q35t039+Q40t044+Q45t049+Q50t054+Q55t059+Q600rmore

AttritionRate = Attrition/Population

Population = (Grp18t024+Grp25t029+Grp30to34+Grp35t039+Grp40tod4+Grp45t049+GrpS50toS4
+Grp55t059+Grp60ormore)

AttritionRate18t024 = .275
AttritionRate25t029 = .05

AttritionRate30to34 = .05

AttritionRate35t039 = .032
AttritionRate40to44 = .023
AttritionRate45t049 = .012
AttritionRate50to54 = .011
AttritionRate55t059 = .052

AttritionRate60ormore = .167
NewWorkerRatel8to24 = .232
NewWorkerRate25t029 = .174
NewWorkerRate30to34 = .129
NewWorkerRate35t039 = .105
NewWorkerRate40to44 = .112
NewWorkerRate45t049 = .099
NewWorkerRate50to54 = .072
NewWorkerRate55t059 = .045
NewWorkerRate60ormore = .032
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