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ABSTRACT 

Although being directly affected by the fluctuations in 

complex adaptive systems such as knowledge transfer, 

and economy, technology training within organizations, 

are managed as independent projects, furthermore 

causing critical information, as requirements and scope 

changes, being failed to be shared. This existing 

approach, forces only current status to be used with 

discrete data in decision making rather than evaluating 

the continuous behavior of the training process 

integrated with possible future environmental 

conditions. The purpose of this paper is to initiate the 

design of a model for understanding the behavior of 

complex technology training management system 

(TTMS). Recognizing the process as adaptive and 

continuous, this paper captures the ongoing efforts to 

simulating training management efforts that can support 

organizations in critical decision making, and 

requirements and risk management using system 

dynamics and agent-based simulation designed with 

model-based system engineering approach. 

 

Keywords: Training management, SysML, system 

dynamics, agent-based simulation 

 

1. INTRODUCTION 

Today, software solutions are used aiming to support 

employees with almost every task, related to their area 

of work. Due to vastly improving technology, 

stakeholders are often forced to improve the existing 

software packages in order to satisfy the arising needs 

and improve the work process. While some of the 

improvements stay to be as existing version upgrades, 

in cases where new software is selected, depending on 

the project scope, the training process may involve the 

majority of employees within that organization. 

 Defined as complex adaptive social systems (Morel 

and Ramanujam, 1999), organizations behave in motion 

of rotating circles, building a continuously repeating 

curve with three high level states as Equilibrium, 

Dissolution and Growth, which can be seen in Figure 1 

(Marten, 2001). Besides the external triggers affecting 

the state of equilibrium, by changing the requirements 

of the tasks and their approach, adapting a new software 

solution that affects the majority of the organization will 

create an internal trigger causing the state to change to 

dissolution. At this state, effectiveness of 

transformation efforts will define the duration until the 

Growth state is achieved, or in worst cases, drive the 

system in to chaos.  

 

 
Figure 1 Social System State Adapted from Marten,    

G. G. (2001)  

 

The importance of training efforts through 

organizational transformation has been emphasized in 

literature (Kezar and Ecke, 2002). However, the current 

body of knowledge lacks research on studies modeling 

and simulating technology training management system 

(TTMS) as complex adaptive even though the 

knowledge transfer within training is recognized as one 

(Burns and Knox, 2011) 

  

2. BACKGROUND 

The key predictors of training transfer are grouped in 

three as (1) immediate training climate 

(Kontoghiorghes, 2001), (2) Trainee personality traits 

and characteristics (Colquitt et al., 2000), and (3) 

overall organizational environment (Baldwin and Ford, 

1988) such as teaching methodology, self efficacy and 

immediate peer support, respectively. Furthermore 

effect of (4) economy (Bass and Voughan, 1966, Galf 

and Hammour, 1993), and (5) technology 

improvements (Helpman and Rangel, 1999) on training 

knowledge transfer were noted in literature. A review of 

literature was conducted to further understand the 
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individual behavior of these factors as systems 

interacting with training performance and their level of 

complexity. The review efforts were grouped in four 

areas as knowledge transfer-which included the two 

groups of training transfer key predictor factors (1 and 

2)-organization, financial system, and technology 

dynamics. 

 

The reviews in knowledge transfer dynamics 

supported existence of complexity in learning systems, 

a phrase introduced by Davis and Simmt (2003) 

describing collective classroom components, is 

advocated by also other researchers (Burns and Knox, 

2011, Davis and Sumara, 2006).  Additionally, Newell 

(2008) evaluated the potential benefits and challenges 

of accepting this theory following Davis, Simmt and 

Sumara’s published arguments on how individual 

learner and teacher dynamics interacts and emerges as 

learning. On the other hand, organizations are accepted 

as “dynamic systems of adaptation and evolution that 

contain multiple parts which interact with one another 

and the environment” (Morel and Ramanujam, 1999).  

Furthermore, their nested structure continuously 

interacts with other macro and micro, systems and sub-

systems, respectively (Folke & Folke, 1992). New 

systems may arise from emerging dynamics as part of 

the system, due to change processes occurring with an 

organization (Dooley and Van de Ven, 1999). Similarly, 

the large-amplitude and aperiodic fluctuations in 

economic variables were shown as evidence for its 

complex adaptive nature (Chian, 2007). Finally, 

technology management in organizations recognized as 

complex adaptive systems as it interacted with 

emerging and non-linear trends (McCarthy, 2003). 

 The characteristics of technology training 

management that matches the most common properties 

of complex adaptive systems (Bot, 2012) are as follows: 

 

 Training management interacts with 

organization system and knowledge transfer 

variables (micro). 

 Although there are techniques to support 

training planning often times changes in 

duration, cost, training performance occur. 

 Training management is part of knowledge 

transfer system. 

 Employees within an organization create a 

unique knowledge share structure creating a 

culture which emerges individual and 

organization’s learning state (Weick , 1979) 

 Training is applied in organizations in 

iterations, the lessons learned from each 

experience (outputs) feeds the following 

management strategy as inputs. (Armstrong, 

2003) 

 If started without well planning the effects of 

each variable and their interactions, training 

efforts will fail 

 In training management, change in one 

variable, for instance organization’s climate or 

available resources, will trigger a change in the 

whole system and will affect outcomes. 

 Training management rely on the resource 

availability, depletion of any resource will 

trigger system’s state to change to ‘steady-

state’. 

 Training has emerged from interaction of 

systems such as learning, organization and 

technology. Through time its internal 

interactions derived management variables 

(Dooley and Van de Ven, 1999) 

 Due to continuous change in it is variables 

such as humans and technology same 

management approaches will result in varying 

outputs. 

 

These characteristics support our argument that 

instead of managing technology training using linear 

optimization techniques, complex adaptive systems 

theory processes should rather be used to understand 

and capture its patterns and interacting mechanisms.   

 

3. METHODOLOGY 

Today, the literature provides researchers with a great 

source of knowledge on studies related to technology 

training. Although these studies improved the 

understanding of the training systems, the vastly 

improving technology continuously been introducing 

new areas to the existing gap that’s been already 

identified by the researchers (Salas and Cannon-

Bowers, 2001). Furthermore, technology training 

management is yet to be recognized as complex 

adaptive in literature.  

 

 This research aims to develop a hybrid simulation 

model using mode-based system engineering (MBSE) 

approach which some of its benefits are captured as 

(Sage, 2009): 

 

● Develops a unified coherent model  

● Enables the realization of successful systems 

● Defines needs  

● Documents requirements and 

● Facilitates the interoperability between people 

and organizations (Ramos et. al, 2012) 

 

This approach will support efforts in representing 

technology training behavior and management 

processes, driven by the requirements arising from its 

interactions with other systems knowledge transfer, 

organization, financial, and technology. The research 

efforts will be grouped in four main areas. 

 

3.1. SysML Model Development 

The overall design will propose a unified coherent 

model (Sage, 2009) that will define and capture 

technology training management system by studying its 

structure, and behavior shaped from its stakeholder and 

system requirements. Systems Modeling Language 

(SysML), which facilitates systems engineering 
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activities that are concerned with the whole, 

complexity, multi-disciplinary and holistic thinking and 

synthesis (Ramos et. al, 2012) and its four pillars will 

be used in modeling the system that are captured in 

Figure 2 (Hause, 2006). Traceability, will be one of the 

key benefits of this approach that later will allow 

establishing the corresponding feedback loops within 

the system dynamics model.  

 

 
Figure 2 Four Pillars of SysML Adapted from Hause, 

M. (2006) 

3.1.1. Structure Pillar 

Structure pillar diagrams-which may be considered as 

the building block of the overall system, as they capture 

and map the components and boundaries of the system -

including sub-systems, their components and the 

possible interactions among each using Block 

Definition Diagram (BDD) and Internal Block Diagram 

(IBD), respectively, will be designed in this phase. The 

overall system will be composed of three subsystems 

that are Project Management Office (PMO), Knowledge 

Transfer (KT) and Software as captured in Figure 3. 

This structure will allow capturing factors that directly 

and indirectly affect the training outcomes, identified in 

literature while maintaining a representation of the 

current structure of the organization. For example, the 

organizational dynamics and their effects, such as peer 

influence behavior, will be studied under PMO sub-

system. 

 

 
Figure 3 Block Definition Diagram (BDD)  

 

3.1.2. Behavior Pillar 

The second pillar, Behavior, consists of the diagrams 

that define how the model would behave within the 

capabilities of the designed structure. The design 

process in this phase will start by defining the states of 

the overall system, its subs-systems and their 

components using State-Machine Diagrams (STM). At 

the highest level, the TTMS is designed to have two 

states, serving as an “on/off” decision switch for the 

overall system. The states of the models are designed to 

be triggered by the factors such as “Identified trainee 

count”, “Project budget” and “Project schedule” as seen 

in Figure 4. 

 

 
Figure 4 Highest-Level State Diagram (STM)  

  

 Later, starting from the highest level, the Use-Case 

(UC) diagrams will be built capturing the actions and 

the responsible actors, as groups of different stakeholder 

classes. Modeling of actors will be one of the most 

important steps in this section. Properties for each actor 

class will be filtered out according to criteria: employee 

type (trainer, trainee, project manager and other 

stakeholders), skill level (novice, advanced beginner, 

competent, proficient, and expert), employee position 

(manager, engineer), department, training attendance 

count and training transformation factors 

(demographics, personality, cognitive capabilities and 

so on).  The Package diagram will be used to capture 

the class hierarchy and the attributes of each agent sub-

classes. Furthermore, individual UC diagrams will be 

linked according the assigned “composition” relations 

creating traceability among all diagrams. The following 

step will include capturing the functions included within 

use-cases, occurring within and in between these 

components, which will be designed using the Activity 

Diagrams (ACT). The use of Sequence Diagrams will 

be decided after completion of the ACT. 

 

3.1.3. Requirements Pillar 

The Requirements pillar will allow establishing the 

rules of the system, rather than using long descriptive 

paragraphs, the requirements will be captured as short, 

testable statements. Later, the traceability between child 

and parent requirements will be captured using 

“Refine/Refined by” relation. Furthermore, each will be 

linked as conditions to states of TTMS components 

which will define the behavior of the system.  

 

3.1.4. Parametrics Pillar 

The parametric diagrams allow capturing and modeling 

constraint expressions, representing system constrains 

derived from the requirements. As the initial step, the 

structure, hierarchal relations, of the constraints, which 

will be represented using type-specific block, will be 

built using the BDD diagram from the first pillar. After 

stm [Block] Training System

[statechart_1]

Training Not Offered

Training O ffered

PMO Report Contraints

Training Status 

Constraints
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establishing the parent-child relationships using 

“composition” type, the parameters will be assigned 

according to the constraint logic statement. Similar to 

the process followed in IBD, each constraint block will 

be connected using the input/output ports within the 

Parametric Diagram (PAR). 

 

3.2. System Dynamics Model Development 

The principles of system dynamics modeling, such as 

the ability to study the effects of individual variables 

and their interactions, provide a pragmatic and holistic 

nature (Romme and Dillen, 1997) that is found useful in 

modeling humans as social systems that are 

characterized by “dynamic complexity” (Senge, 1990).  

 The state charts for the system dynamics model 

will allow creating conditional rates between stock 

variables. For example, it will be possible to set the 

training rate to 0 if there are budget cuts, or similarly, 

have the ability to arrange it according to the training 

demand. The states of the components created in the 

SysML model will identically represent the states in 

system dynamics model (Figure 5).  

 
Figure 5 Highest-Level System Dynamics States 

 

 Similarly, the states of components, which have 

assigned constraints, such as skill acquisition and 

attendance will be created as stock variables and 

corresponding state change conditions will be used as 

conditions for the flow rates within the system 

dynamics model as shown in Figure 6. 

 

 
Figure 6 High Level Stock and Flow Variables 

 

 Furthermore, properties assigned to actors such as 

demographics, department and so on within SysML will 

be the variables of the system dynamics model. Their 

causality coefficients will be assigned according to the 

meta-analysis and experiment results collected from 

literature. Figure  captures an example of an actor and 

the corresponding dynamics of the variable 

“ComputerSkill” modeled with AnyLogic which was 

adapted from the experiment conducted by Harrison and 

Rainer (1992). Additionally, the coefficients of the 

significant factors found in the regression analysis, 

indicated by rectangles, were used as factors that 

calculate the ComputerSkill variable. It is important to 

note that, rather than correlation, significant predictive 

factor coefficients collected from regression analyses, 

will be used to as weights of the variables in the system 

dynamics model. The variables in system dynamics are 

connected to one another by a cause-effect type relation 

thus the correlations collected from a study cannot be 

used as a coefficient of a variable. 

 

3.3. Agent-Based Model Development 

The limitation of system dynamics modeling, which is 

the missing capability to capture the properties of 

observed entities and the resulting effect of these 

differences (Bonabeau, 2002) will be supported using 

the agent-based model of TTMS. The hierarchy of the 

agents will mirror the actors previously created in the 

SysML model. Although stakeholders, such as software 

developers and project managers are involved in the 

overall system, they will not be created as agents. The 

primary reason is that their decisions may trigger a state 

change in simulation, but they don’t directly interact 

with either trainee or trainer agents within the scope of 

this system. Secondly, even though their decisions as 

inputs are an interest factor in this simulation their 

behavior is not. Thus, the two agent classes that will be 

included in the system are Trainee and Trainer. 

Furthermore, the rules of the agents will be driven from 

the assigned properties of the actors in the SysML 

model. Each trainee agent will be assigned with five 

state groups as employee position (manager, engineer), 

department, skill level, attendance count and training 

transformation factors properties.  

 

3.4. Integration of Two Simulation Models 

In this phase, the classes of agents will be created and 

linked under the system dynamics model object. The 

different properties of agents will be connected with the 

corresponding stock variable. For example, the skill 

level property will be connected to the stock variables 

representing the acquired skill levels. Similarly, count 

of training attendance property will be linked to the 

“Not Trained”, “Trained” stock variables. With this 

connection, additional to being able to capture the 

emerging behavior of the social group, it will be 

possible to differentiate count of employees from each 

department within a stock variable at any given time 

during simulation run. 
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Figure 7 System Dynamics Design Example 

4. TRAINING MANAGEMENT SYSTEM 

The overall version of the proposed model will be a 

simulation platform, which will support the decision 

makers of an organization in planning and testing their 

training management strategies. The capability to 

expand upon existing capabilities of both simulation 

methods, of system dynamics and agent-based 

modeling, was the aim in selecting a hybrid model for 

development. The final simulation model will provide 

decision makers three variables, which will solely focus 

on high level project overview, cost, duration and the 

overall knowledge level of the identified trainees as can 

be seen in Figure 8. This output will serve as a quick 

evaluation of the decision alternative being tested. 

Additionally, descriptions of arising risks, unsatisfied 

requirements, and contributing factors will be provided 

for detailed analysis.  

 

 
Figure 8 Black-Box Diagram of Overall System 

 

4.1. Validation and Verification 

The simulation platform efforts described in the 

Methodology section will be derived from the 

previously developed SysML model and depend on one 

another. As a result, each design and development phase 

will individually consist of system specific verification 

and validation processes, which will follow the 

methodologies captured by Kleijnen (1995). 

 The modeling will start from the highest-level 

(macro level) possible and add micro details in 

iterations. At each level the verification of the 

simulation models will include running simulations 

with deterministic values. Furthermore, different 

scenarios will be tested to check for any programming 

errors. The probabilistic values will be added once the 

behaviors of the models are verified.   

At the end of phases, at first a validation test will be 

applied using the simple plot of the simulation output 

versus data collected from available literature. 

Immediate feedback on any inconstancies between the 

two samples will be evaluated. If the plot test does not 

show any variation to the naked eye, we will move to 

the hypothesis testing phase.   

Each key predictive factor and their coefficients will be 

adapted from previous experiments published in 

literature. Thus, to validate a hypothesis test which will 

test existence of any significant difference between the 

correlations among two variables calculated from 

simulation and published correlations of each matching 

factor will be conducted.  

 

5. CONCLUSION 

The aim of this study was to initiate the design of a 

hybrid simulation framework that can support in 

understanding and managing technology training using 

model-based systems engineering approach. This 

research suggests that technology training management, 

rather than only being a process within technology 

transformation efforts, emerges as a component of an 

organization as it directly affects the outcomes and 

duration of achieving the state of growth while 

improving the organization’s system stability. 

Furthermore, it is argued that studies using linear 

optimization techniques without feedback mechanisms 

are no longer usable due to the level of complexity 

involved in technology training management. 

Recognizing technology training management as a 

complex adaptive system, instead of managing efforts 

individually, a systems engineering approach to model 

its structure and behavior at an organizational level by 
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studying its structure and behavior, driven by the 

requirements arising from knowledge transfer and its 

interactions with other complex systems was suggested. 

Additionally a methodology to establish a link between 

SysML and system dynamics and agent-based 

simulations was proposed.  
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