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SHOULD LAWMAKING USE ! Ȱ3)-),!2ȱ 02/#%33? 

I recently came across a process model titled with the acronym SIMILAR. It 

was created as a systems engineering process model but, as is the case with 

many systems engineering tools, it can be readily applied to a wide variety of 

scenarios. The seven steps of this process are: State the problem, Investigate 

alternatives, Model the system, Integrate, Launch, Assess performance, and Re-

evaluate.  

 

 

 

 

 

 

 

 

 

 

The SIMILAR Process (Bahill and Gissing, 1998) 

 

While one size rarely fits all, this model appears to have a wide variety of 

applications, including that of lawmaking. Interestingly, many of the concepts 

inherent in this model are addressed in this issue of the Science of Laws Journal 

in which our authors lay out their thoughts, experiences, and research related 

to developing, modeling, and assessing laws both prior to anÄ ÁÆÔÅÒ ÔÈÅ ÌÁ×ȭÓ 

enactment. 
 

I hope you enjoy this latest issue of the Journal. Further, I hope you get the 

chance to join us at the 5th Annual Science of Laws Conference currently being 

planned for December 1, 2018 in San Diego, California. In the meantime, please 

send me your thoughts on the Journal, the application of the SIMILAR process, 

and/or ways in which we can continue to advance the science of laws. 

 

                                                    ɀJohn Wood, Editor 

John.Wood@ScienceOfLaws.org 
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"Essentially, all models are 
wrong, but some are useful."  

ɀGeorge Box 
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PROCEEDING  

Application of Systems  

Engineering to the Affordable Care Act 

and Other Lawmaking Practices  
Thy Guintivano * 
 

ABSTRACT 

Enacting laws in the 21st century is no longer constrained to humans. The digital age has ushered in 
many new technologies such as machine learning and artificial intelligence systems to perform tasks that 
support legislative-driven compliance and governance activities on behalf of organizations and private 
businesses. Designing quality systems to address these new laws requires humans and machines to 
effectively translate legislation into accurate instructions for execution.  

 
This paper uses the Affordable Care Act as an example of how systems engineers can design and test 

legislative-driven governance systems. 
 
This paper also explains: 
1) the challenges associated with ensuring systems meet legislative mandates; 
2) how to leverage Model Based Systems Engineering; 
3) and a framework for validating systems in the context of Law 

 
Keywords: Affordable Care Act, Artificial Intelligence, Design, Compliance, Governance, Framework, 
Lawmaking Processes, Legislation, Machine Learning, Model Based Systems Engineering, Systems 
Engineering, Test, Verification, Validation 

 

INTRODUCTION AND BACKGROUND 

)Î ÔÏÄÁÙȭÓ $ÉÇÉÔÁÌ !ÇÅȟ ÍÁÃÈÉÎÅÓ ÓÕÐÐÏÒÔ ÈÕÍÁÎÓ ×ÉÔÈ 
all aspects of daily living and work activities. These 
systems, which include technologies like artificial 
intelligence, machine learning, and software 
applications, are being utilized to enable people, 
businesses, and other organizations to meet their goals, 
objectives, and legislative-driven compliance and 
governance activities. 

A challenge with current, traditional lawmaking 
practices is the legislation rarely if at all considers how 
to design quality systems that will support legislative-
driven compliance and governance activities. Take a 
recent example of this, H.R. 3031: TSP Modernization Act 
of 2017, which is a bill enacted on November 17th, 2017, 
that is intended to modernize a retirement savings and 
investment plan for Federal employees and members of 
the uniformed services [1] . The bill states high level 
capabilities that are expected with this modernization 
effort, but there is no timeline for implementing the 
changes, nor does it provide use cases describing how 
users  can   interact   with  the   system   to   perform   these  
The Science of Laws Journal, Vol. 4, No.1, (2018): 2-6.  
© 2018 The Science of Laws Institute (www.scienceoflaws.org) 
*Author to whom all correspondence should be addressed (e-mail: 
thy.guintivano@gmail.com).

 
functions. 

Designing and testing quality systems to address the TSP 
Modernization Act of 2017 can be challenging, but it is not 
nearly as complex as the Patient Protection and Affordable 
Care Act, often referred to as the Affordable Care Act (ACA) 
[2] . This United States federal statute was enacted by 
Congress and signed into law by President Barack Obama 
on March 23, 2010. The provisions represent the U.S. 
ÈÅÁÌÔÈÃÁÒÅ ÓÙÓÔÅÍȭÓ ÍÏÓÔ ÓÉÇÎÉÆÉÃÁÎÔ ÒÅÇÕÌÁÔÏÒÙ ÏÖÅÒÈÁÕÌ 
and expansion of coverage since the passage of Medicare 
and Medicaid in 1965 and it mainly expanded access to 
health insurance and changed the way federal government 
pays doctors. These provisions required small businesses 
with more than 50 full time employees, large employers, 
and health insurance providers to collect health insurance 
coverage information from individuals and employers so 
that it could be processed using new Internal Revenue 
Service (IRS) tax forms. The conformance and governance 
of these new provisions required changes impacting many 
systems for different organizations and businesses alike.  

This paper addresses some of the challenges associated 
with designing and testing systems responsible for 
enacting the ACA from an IRS perspective, provides 
examples for leveraging Model Based Systems Engineering, 
and establishes a framework for validating systems in the 
context of law. 
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THE CHALLENGES 

In this section, the challenges of implementing a complex 
legislative direction such as the Affordable Care Act, are 
described in detail. The next section, Leveraging Model 
Based Systems Engineering, will describe an approach to 
address these challenges. 
 
Understanding and Decomposing the Legislation  

The ACA is a total of 906 pages, divided into 10 Titles, or 
Chapters, each containing corresponding Subtitles and 
Sections that describe various provisions, entities that are 
impacted, reporting requirements, responsibilities and 
new processes that will be introduced to citizens, 
businesses, and Government organizations like the Internal 
Revenue Service (IRS). Although it was signed into law in 
March 2010, the IRS, health insurance providers, and other 
organizations needed several years to get prepared to 
enforce the law. The first challenge is understanding what 
the legislation means, who it applies to/affects/impacts, 
what it means to adhere to the legislation, and what it 
means to not be compliant.  
 
Management and Governance 

Management is defined as the activities of or pertaining 
to the management of tasks in an organization. It includes 
the person(s) or group that has the daily responsibilities of 
managing and overseeing a project from start to finish. This 
includes project managers and program managers.  

Governance is defined as the structure and relationships 
which determine organizational direction and 
performance. The governing body, such as a Board of 
Directors, provides the necessary strategic oversight and 
decision making thaÔ ÉÎÃÌÕÄÅ ÔÈÅ ÏÒÇÁÎÉÚÁÔÉÏÎȭÓ ÐÕÒÐÏÓÅȟ 
values, and structure. It helps ensure the right stakeholders 
are identified for the project, with a clear understanding of 
responsibilities, and a common understanding of the 
operational mechanisms needed to document, track, and 
update progress and/or deliverables. 

If law enforcing organizations, state and federal 
legislative, judicial, and executive branches were removed 
from government, consider if it would be as effective and 
coordinated with introducing new laws and enforcing 
compliance for the state and the nation. The same concept, 
in theory, applies to organizations attempting to enact laws 
and/or implement new programs or procedural changes 
without management and governance. The complementary 
management and governance practices in organizations 
are necessary to ensure desired outcomes of stakeholders. 
IT Programs that are driven by Legislative direction 
require clear guidance and coordination among 
departments to execute design, development, testing, 
deployment, and operational maintenance activities.  
 
Silo Mentality  

Many organizations experience challenges when 
attempting to execute a new program or initiative and the 
struggle to fulfill business objectives can create schedule 
delays and frustration among the employees. Barriers 

preventing colleagues to move forward in the same 
strategic, operational, and tactical direction may be 
attributed to different causes, but for this paper, the 
challenges experienced by these organizations will be 
ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ȰÓÉÌÏ ÍÅÎÔÁÌÉÔÙȢȱ Silo mentality is defined as 
the mind set of employees in different departments making 
a conscious decision not to share information with others 
in the same organization [3] . !Ó ÄÅÓÃÒÉÂÅÄ ÉÎ &ÏÒÂÅÓȭ ÁÒÔÉÃÌÅȟ 
Ȱ7ÈÙ 3ÉÌÏÓ +ÉÌÌ ÔÈÅ !ÂÉÌÉÔÙ ÔÏ #ÏÍÍÕÎÉÃate a Unified 
6ÉÓÉÏÎȟȱ ÔÈÅ ÓÉÌÏ ÍÅÎÔÁÌÉÔÙ ÒÅÄÕÃÅÓ ÅÆÆÉÃÉÅÎÃÉÅÓ ÉÎ ÔÈÅ ÏÖÅÒÁÌÌ 
operation, reduces trust and morale, and ultimately 
contributes to the demise of a productive company culture. 
Addressing these challenges is crucial to ensuring the 
success of aÎ ÏÒÇÁÎÉÚÁÔÉÏÎȭÓ ÍÉÓÓÉÏÎ ÁÎÄ ÔÈÅ ÅÎÁÃÔÍÅÎÔ ÏÆ 
new Legislation. 
 
Release Planning 
)Ô ÉÓ ÐÒÏÂÁÂÌÙ ÔÈÅ ÐÒÏÇÒÁÍ ÍÁÎÁÇÅÒȭÓ ×ÏÒÓÔ ÎÉÇÈÔÍÁÒÅȡ 

schedule slippage. Organizations need IT release plans to 
coordinate activities between various project teams and to 
minimize the impacts to Production systems to support go-
live deployments. Having a schedule enables project teams 
to plan and deliver deliverables without impacting the 
customer and the organization needs to provide a 
systematic way to release new features or fixed services. 
With Legislative-driven programs, release planning is a 
major challenge because some laws require organizations 
to comply by a specific date, and there is no room to adjust 
schedules if any upstream activities are delayed.  
 
Test Planning 

Testing, which refers to Validation and Verification 
activities, is usually an afterthought with many projects. 
Verification is defined as the activities that verify 
requirements are met as defined in the requirements 
specification. The verification of systems requires 
traceability of requirements and testing of services, 
capabilities, and functionalities, that may not be explicitly 
identified in requirements. Validation is defined as the 
activities to validate that the system functions under highly 
controlled conditions. These include possible failure 
modes, design problems and operational effectiveness and 
suitability.  

Testing activities are at the end of the Systems 
Engineering V model, and only some project teams execute 
test planning activities at the beginning of a project. Testing 
is necessary to state confidently to stakeholders, decision 
ÍÁËÅÒÓ ÁÎÄ ÕÓÅÒÓ ȰÔÈÅ ÓÙÓÔÅÍ ÍÅÅÔÓ ÙÏÕÒ ÎÅÅÄÓ ÁÎÄ ÉÓ 
ÏÐÅÒÁÔÉÏÎÁÌÌÙ ÅÆÆÅÃÔÉÖÅȢȱ A comprehensive Test Strategy 
and Program is needed for the Program Manager to 
confidently state operational effectiveness for a program as 
complex and challenging as the Affordable Care Act, or 
other Legislative-driven initiatives. 
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LEVERAGING MODEL BASED SYSTEMS 
ENGINEERING 

In this section, Model Based Systems Engineering and 
other insights are applied to solve for the challenges 
described in the previous section. 

Model Based Systems Engineering is defined by INCOSE 
ÁÓ ȰÔÈÅ ÆÏÒÍÁÌÉÚÅÄ ÁÐÐÌÉÃÁÔÉÏÎ ÏÆ ÍÏÄÅÌÉÎÇ ÔÏ ÓÕÐÐÏÒÔ 
system requirements, design, analysis, verification, and 
validation activities beginning in the conceptual design 
phase and continuing throughout development and later 
ÌÉÆÅ ÃÙÃÌÅ ÐÈÁÓÅÓȢȱ [4]  It includes behavioral analysis, 
system architecture, requirement traceability, 
performance analysis and simulation test.   

As described by INCOSE, model-based engineering 
moves the record of authority from documents to digital 
models including Electrical Computer Aided Design (E-
CAD), Systems Modeling Language (SysML) and Unified 
Modeling Language (UML) managed in a data rich 
environment. This enables engineering teams to 
understand design change impacts more readily, 
communicate design intent and analyze a system design 
before it is built. MBSE also provides mechanisms for 
driving more systems engineering depth without 
increasing costs and allows Systems Engineers to focus on 
value added tasks. As an example, modeling test scenarios 
enables requirements analysis activities to be verified 
upstream in the Systems Engineering Vee model and 
provides teams with the capability to detect defects early. 
 
Understanding and Decomposing the Legislation  

The first challenge of designing systems that are 
Legislative-driven is to understand what the legislation 
means, who it applies to/affects/impacts, what it means to 
adhere to the legislation, and what it means to not be 
compliant. During this time, it may be beneficial to begin 
drafting context diagrams, operational view diagrams (OV-
1), user scenarios, and high level use cases that describe 
how a user would interact with the system.  

Using the SysteÍÓ %ÎÇÉÎÅÅÒÉÎÇ Ȱ6ȱ ÍÏÄÅÌ ÁÓ Á ÒÅÆÅÒÅÎÃÅ 
for mapping activities that are performed, this activity can 
be compared to Concept Exploration and Concept of 
Operations (Figure 1).  

 

 
&ÉÇÕÒÅ ρȡ 3ÙÓÔÅÍÓ %ÎÇÉÎÅÅÒÉÎÇ Ȱ6ȱ -ÏÄÅÌ 

 
Concept Exploration and Concept of Operations: This 

activity helps systems engineers and other key 
stakeholders understand the Legislation, its key impacts to 

responsible entities, and consequences for not complying 
with the Law. 

In addition to understanding the Legislation, Model 
Based Systems Engineering artifacts can also be developed 
ÁÔ ÔÈÉÓ ÔÉÍÅ ÔÏ ÓÕÐÐÌÅÍÅÎÔ ÏÎÅȭÓ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ,Á×ȟ 
enhance communication across departments/teams, and 
be leveraged for the Solution Architecture. 

MBSE Example Output: 

 
Figure 2: Use Case Diagram 

 

 
Figure 3: Sequence Flow for Processing 

 

 
Figure 4: Processing Systems Model View 

 
Silo Mentality  

Information sharing between departments is needed for 
the organization to successfully meet its objectives and 
implement the legislative-driven changes to systems. This 
activity can be facilitated by the Systems Engineer 
throughout the project and during well-planned meetings 
with stakeholders. These meetings can be used to 
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understand and collect requirements, verify requirements, 
draft systems architecture diagrams, and engage other 
teams from different departments.  

Systems engineering artifacts can be created and 
reviewed with stakeholders so that everyone has a 
common understanding and visualization of the system 
architecture, systems inventory, interfaces, and tax 
processing system dependencies. This will improve 
communication between stakeholders and ensure that 
accurate information is being presented all times. 

 

 
Figure 5: Create and Review SE Artifacts with 

Stakeholders 
 
Examples of MBSE artifacts:  
¶ Solution Architecture:  depicts the systems and 

changes by Release  
¶ Systems Architecture:  depicts the components of 

the system and individual data elements that get 
processed by the component 
¶ Requirements Traceability Matrix or a product 

management tool : traces Provisions to Program 
Requirements to Test Scenarios to Test Cases  

 
Management and Governance 

The Control Objectives for Information and Related 
Technologies (COBIT) is a framework created by the 
international professional association Information Systems 
Audit and Control Association, ISACA, for information 
technology (IT) management governance [5] . It provides an 
implementable set of controls over IT. 

In some organizations, Management and Governance is 
an afterthought until deliverables and timelines slip, and 
team members are uncertain about who is 
responsible/accountable and what the process is for 
escalating issues. A Management and Governance structure 
should be in place for effective collaboration, execution, 
and monitoring activities to effectively occur. Meetings and 
workshops should be scheduled with key stakeholders and 
team members regularly to share information, collaborate 
on a plan, and execute against these timelines.  

Refer to the next figure for a visual representation of the 
relationship between the two. 

 
 
 
 
 

 
 

 
Figure 6: CBIT Management and Governance Model 

 
In addition to M&G, a Change Control Board (CCB) or 

Change Advisory Board (CAB) should be established with 
representatives from impacted systems/departments 
represented so that decisions to make changes to the 
systems, architecture, and/or program/projects can be 
monitored, tracked, and reviewed accordingly. This will 
also mitigate silos between departments and provide key 
stakeholders with opportunities to engage in governance 
activities.  
 
Release Planning 

As previously mentioned with Legislative-driven 
programs, release planning is a major challenge because 
some laws require organizations to comply by a specific 
date, and there is no room to adjust schedules if any 
upstream activities are delayed. To mitigate the risks of 
schedule slippage, create a Release Strategy and Release 
Plan for the overarching Program as well as the individual 
Projects. Program and Project Managers should be familiar 
with when their deployment windows are, when they 
should expect to deploy their changes to the architecture, 
how long the system is expected to be down, and 
dependencies between all project teams and their 
deliverables. 

 

 
Figure 7: Example Release Schedule 
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Figure 8: Example Release Summary 

 
Test Planning 

Testing is usually an afterthought with many projects 
and the breadth of testing on a major program like the ACA 
is broad. It is encouraged for stakeholders, systems 
engineers, and managers to invite testers to requirement 
meetings early in the program and to encourage 
participation with Solution Architecture discussions. 
Testers may provide a different perspective to the program 
and account for edge cases, or rare scenarios, not typically 
considered with use cases, that impact requirements, 
design and testing activities.  

A test strategy and test plan should also be created to 
define prerequisite testing activities and planning and 
preparation activities. The next figure provides an example 
of these activities. 

 

 

Figure 9: Example Detailed Test Planning and Preparation 
Activities 

 

FRAMEWORK FOR VALIDATING SYSTEMS IN 
THE CONTEXT OF LAW 

Enacting new laws from a systems perspective is a 
complex and challenging effort that requires accurate 
Legislative translations between humans and humans to 
machines. It is imperative that test activities are baked into 
ÔÈÅ ÂÅÇÉÎÎÉÎÇ ÁÎÄ ÔÈÒÏÕÇÈÏÕÔ Á ÐÒÏÇÒÁÍȭÓ ÓÙÓÔÅÍÓ 
engineering life cycle to ensure that the right system is 
designed and built to meet operational needs.  

To aid current and future digital implementations of 
legislative-driven compliance and governance activities, a 
Framework for Validating Systems in the Context of Law is 
depicted below. 

 

 
Figure 10: Create and Review SE Artifacts with 

Stakeholders 
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PROCEEDING  

System Dynamics Behaviors for  

Modeling Lawmaking Processes  
Raymond Madachy 
Department of Systems Engineering, Naval Postgraduate School 
 

ABSTRACT 

Modeling and simulation can help improve lawmaking processes. System dynamics is a simulation 
methodology for modeling continuous systems that provides a rich and integrative framework for 
investigating lawmaking process phenomena and inter-relationships from a holistic perspective. There 
are recurring structures with associated time-based behaviors for modeling process patterns that 
frequently occur in many aspects of society including lawmaking.  

This paper continues previous work on defining system dynamics model structures interpreted for 
lawmaking processes to elaborate their behavior patterns. It first reviews basic system dynamics 
elements and their applied instances in lawmaking. It then introduces related tools for causal loop 
diagrams and system archetypes for better insight into the behaviors. 

Causal loop diagrams show high level cause and effect relationships and information feedback in 
systems. They can be very effective in explaining how dynamic behavior patterns are generated from 
system structures and how they can be affected.   

System archetypes interpret generic structures to draw lessons about their characteristic modes of 
behavior. They explain and make visible the recurring stories that happen. They can be used to 
understand existing lawmaking systems for problem solutions or assess future anticipated challenges.  

A demonstrative system dynamics model is provided that illustrates a system archetype commonly 
observed in lawmaking. Other prevalent examples of the system archetypes in lawmaking are identified 
as starting points for further work. The sets of structures and behaviors (with dynamic lessons learned) 
are provided as modeling templates to incorporate, adapt and apply to address the multitude of 
lawmaking challenges. 
 
Keywords: Lawmaking Processes, System Dynamics, Modeling and Simulation 

 

INTRODUCTION AND BACKGROUND 

Modeling and simulation can be used to improve the 
efficiency of lawmaking processes, and the effectiveness of 
laws created. They have been successfully applied across 
disparate fields to gain better process understanding, and 
lawmaking is a fruitful area for investigation. 

This work applies simulation concepts to create model 
structures with associated behaviors that can be used to 1) 
evaluate the lawmaking process, i.e. the steps taken to 
create laws including their order, and 2) assess laws before 
implementation on how well they will meet their goals and 
compare options. The latter consideration includes all 
intended and unintended consequences of law 
implementation.  

Previous effort focused on defining system dynamics 
model structures, interpreting them for lawmaking 
processes, and trial modeling (Madachy, 2016). 
Increasingly detailed structures for model elements, 
generic  flow  processes,  infrastructures  and  flow  chains 
The Science of Laws Journal, Vol. 4, No.1, (2018): 7-17.  
© 2018 The Science of Laws Institute (www.scienceoflaws.org) 
*Author to whom all correspondence should be addressed (e-mail: 
rjmadach@nps.edu).

 
were described and examples shown. 

This is a natural continuation that elaborates behaviors 
associated with the generic structures and identifies 
lawmaking examples. The structures and their behaviors 
are process patterns that frequently occur. The recurring 
ÓÔÒÕÃÔÕÒÅÓ ÁÒÅ ÍÏÄÅÌ ȰÂÕÉÌÄÉÎÇ ÂÌÏÃËÓȱ ÔÈÁÔ ÃÁÎ ÂÅ ÒÅÕÓÅÄȢ 
They provide a framework for understanding, modifying 
and creating system dynamics models (Madachy, 2016). 

This paper also describes related systems thinking tools 
that can help grasp the complexities of laws and to address 
the stubborn, recurring problems that confront us in a 
society governed by laws. It introduces causal loop 
diagramming, highlights important structure-behavior 
pairs found in systems, and overviews system archetypes. 

Lawmaking examples are identified and beginning 
illustrative models are provided. The reader should consult 
(Madachy, 2016) for more detailed background on the 
modeling components this paper derives from. 

 
Overview of System Dynamics Structures  

System dynamics models are formulated using 
continuous quantities interconnected in loops of 
information feedback and circular causality. The quantities 
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are expressed as levels (also stocks or accumulations), 
rates (also called flows) and information links representing 
the feedback loops (Forrester, 1968). 

Below is an overview of terminology related to system 
dynamics model structures that have associated behaviors: 
¶ Elements are the smallest individual pieces in a system 

dynamics model: levels, rates, sources/sinks, 

auxiliaries and information connections. See Figure 1 

for their visualizations. 

¶ Generic flow processes are small microstructures and 

their  variations comprised of a few elements and are 

sometimes called modeling molecules. They are the 

building blocks, or substructures from which larger 

structures are created and usually contain 

approximately 2-5 elements.  

¶ Infrastructures refer to larger structures that are 

composed of several microstructures, typically 

producing more complex behaviors. 

¶ Flow chains are infrastructures consisting of a 

sequence of levels and rates (stocks and flows) that 

often form a backbone of a model portion. They house 

the process entities that flow and accumulate over 

time and have information connections to other model 

components through the rates. 

The reader is encouraged to read supplemental 
traditional references on the smaller general structures for 
system dynamics (Forrester, 1968), (Hines, 2000), 
(Madachy, 2008), (Sterman, 2000). 

 
Overview of Model Elements for Lawmaking  

The basic structural elements of system dynamics 
models are levels, flows, sources/sinks, auxiliaries and 
connectors or feedback loops. Figure 1 serves as a legend 
showing the standard notation of these elements in a rate 
and level system with an auxiliary variable connected to the 
rate via an information link. Next the standard elements are 
briefly reviewed with example instantiations for 
lawmaking processes. 

 
 

Figure 1. Model Notation of a Rate and Level System 
 

Levels are the state variables representing system 
accumulations. Their counts can be measured in a real 
system at a snapshot of time (e.g. the number of current 
laws on the books). Typical state variables are laws or 
rights, violations, lawsuits, or the numbers of people 
involved in legal systems. These major level types are 
detailed further per the following: 

¶ Laws or Rights ɀ These may include laws (e.g. statutes, 

ordinances, regulations, common laws); copyrights or 

intellectual property rights for any jurisdiction, etc. 

Laws can be represented at any stage in the lawmaking 

process from proposed bills to amended or repealed 

laws, and for any level of jurisdiction. Rights levels can 

be in different process stages from initial filing to 
infringement (see example flow chains in the 

Lawmaking Process Chain Infrastructures section). 

¶ Violations ɀ Law violations cover crimes or infractions 

at any jurisdiction level (international, national, local) 

including copyright or intellectual property right 

infring ements. These may lead to criminal cases 

potentially resulting in jail and/or fines levied, or civil 
lawsuits potentially resulting in damages to pay. 

¶ People ɀ People levels represent pools of individuals 

performing legal-related functions including their sub-

divisions such as law creation by elected or appointed 

officials, legislative staff support, legal enforcement, 

and judicial personnel; people affected by laws such as 

overall population levels, victims, incarcerated 

prisoners, family dependents of incarcerated people, 
and others. 

Level examples may also include quantities such as effort 
and cost expenditures, fines levied or paid, case schedule 
dates, personnel attributes such as motivation, staff 
exhaustion or burnout levels, law amendments and law 
drafting errors.  

There could be many application-specific level types 
based on the purpose and context of modeled laws. For 
example, modeling the dynamics of illicit drug laws may 
entail drug demand levels, the number of cartels, or 
agricultural resource levels of cartels as demonstrated in 
(Olaya & Angel, 2014). 

When the intent of a regulatory law is to prevent bodily 
injury or harm, then evaluating its effectiveness may 
necessitate modeling injuries, deaths, hospital stays, health 
costs incurred, etc. 

Sources and sinks  represent levels or accumulations 
outside the boundary of the modeled system. Sources are 
infinite supplies of entities and sinks are repositories for 
entities leaving the model boundary. Typical examples for 
lawmaking sources could be needs for new regulations 
originating in society or business at-large, or the 
generation of court filings to be handled. Sinks could 
represent final judgments of cases leaving court dockets or 
legal personnel attrition repositories for retirees.  

Rates in the lawmaking process are necessarily tied to 
ÔÈÅ ÌÅÖÅÌÓȢ ,ÅÖÅÌÓ ÄÏÎȭÔ ÃÈÁÎÇÅ ×ÉÔÈÏÕÔ ÆÌÏ× ÒÁÔÅÓ 
associated with them. Some examples include law-writing 
rates, law change rates, case turnover rates, infraction 
rates, personnel hiring and retiring rates. 

Auxili aries  ÏÆÔÅÎ ÒÅÐÒÅÓÅÎÔ ȰÓÃÏÒÅ-ËÅÅÐÉÎÇȱ ÖÁÒÉÁÂÌÅÓȢ 
Example for tracking purposes include the percent of 
infractions per population level, percent of injuries or 
deaths per population, case progress measures, percent of 

level

rate

auxiliary variable

information link

source/

sink
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cases in legal states, other ratios or percentages used as 
independent variables in dynamic relationships.  

 

CAUSAL LOOP DIAGRAMS 

Causal loop diagrams are simple diagrams that help 
portray cause and effect relationships and information 
feedback in a system. A loop is a closed chain of cause and 
effect. They can be very effective in explaining how 
dynamic behavior patterns are generated and remedied.  
They are a step up in abstraction from rate and level models 
and thus easier to understand for most people.  

Causal loops are best suited for top-level views and 
communication to explain cause and effect. They obscure 
the more precise rate and level structures using the 
elements in Figure 1. The connections do not distinguish 
between information links and flow rates. 

Table 1 shows the components of causal loop diagrams. 
They show variables connected by causal links with 
connection polarities, delays and feedback loops.  

Time delays are ubiquitous in processes and are an 
important structural component of feedback systems 
shown on causal loop diagrams. Examples include delays 
associated with any complex activity performed by 
resource-limited teams, hiring or infrastructure delays, 
problem resolutions, legal process changes, etc. A new law 
does not result in its immediate implementation.  

A positive causal link means the two nodes change in the 
same direction and a negative causal link means they 
change in opposite directions. Positive and negative 
feedback loops describe the circles of cause and effect. A 
closed cycle is defined as a reinforcing or balancing 
feedback loop.  
 

Table 1. Causal Loop Diagram Elements 

Symbol Description 

 causal link 

+ positive causal link 

- negative causal link 

||  time delay 

R reinforcing loop 

B balancing loop 

 
Positive and negative loops can be identified by tracing 

the direction of change around each loop in the diagram. If 
after cycling around the loop, the direction of change of the 
starting point variable is in the same direction as its initial 
change it is a positive (reinforcing) feedback loop per 
Figure 2 showing population growth.  

A consideration for some lawmaking contexts is the 
existence of population growth, which is a positive 
feedback loop shown in Figure 2. The births (growing 
action) increases the population (+), which in turn 

positively affects more births (+). It produces an escalating 
process, or a snowballing effect. The reinforcing loop is 
sometimes denoted with a running snowball. 

The population growth feedback loop in Figure 2 can be 
modeled with systems dynamics using a single rate and 
level. The population becomes a level fed by a flow for the 
birth rate with an associate growth factor. 

In a negative (balancing) loop, the direction of change is 
opposite to its initial direction. A gap between desired and 
actual conditions causes a correction action, which 
positively affects the actual condition that reduces the gap. 
It tends to bring a system into balance, and the loop is 
sometimes portrayed with a balance scale. 

An example negative feedback loop demonstrates a goal 
of lawmaking to decrease crime per Figure 3. The implicit 
gap being narrowed is the existence of a particular crime 
trend vs. the ideal zero crime. An increasing crime rate 
leads to creation of laws to stem it (+). Legislation attempts 
to narrow that gap through effective laws that decrease the 
crime rate (-) .  
 

 

Figure 2. Example Causal Loop Diagram of Positive 
Feedback for Population Growth 

 

Figure 3. Example Causal Loop Diagram of Negative 
Feedback for Crime Legislation 

 
Example Regulatory Causal Loop Diagram 

A recent example of an extensive modeling effort to 
assess regulation options by the U.S. Environmental 
Protection Agency uses causal loop diagrams for 
stakeholder negotiation and communication. A high level 
view of the underlying system dynamics model is shown in 
the causal loop diagram in Figure 4 for evaluating a light 
rail project in North Carolina (Kolling et. al, 2016).  General 
behaviors can be discerned by following the marked 
connections. 

The diagram shows different model sectors clearly 
displaying all the aspects considered, constituencies 
covered, and feedback polarities between the model 
components. For more precise details, there is an 
underlying rate and level model corresponding to the 
causal loop components. 
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Figure 4. Example Causal Loop Diagram to Assess Environmental Regulation 

 
Causal loop diagrams are used to illustrate the structure-

behavior pairs and system archetypes in the next sections. 
The archetypes are composed of interacting negative and 
positive feedback loops. 

 

STRUCTURE ɀ BEHAVIOR PAIRS 

Exponential Growth/Decay  
Exponential growth and decay are the result of a 
reinforcing process shown in Figure 5. Growth structures 
are based on the generic compounding flow process. 
Positive feedback is reinforcing feedback that tends to 
amplify movement in a given direction. Positive feedback 
often produces a growth or decline process viewed in 
Figure 6, such as population growth.  

Growth structures are based on the generic 
compounding flow process. Decay structures are similar 
but a draining flow process whereby the outflow rate 
decreases with the level.  Lawmaking examples include 
escalation in number of laws, legal paperwork levels, and 
escalation of new crime markets (until balancing limits are 
reached). See (Madachy, 2016) for simple models of 
exponential growth in lawmaking. 

 
 

Figure 5. Exponential Growth Causal Loop Diagram 
 

 
 

Figure 6. Exponential Growth and Decay Behaviors 
 
Goal Seeking Behavior 
 Goal Seeking Behavior is characterized by a simple 
balancing process seeking to close the gap between a goal 
and actual conditions. See Figure 7 for the goal seeking 
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causal loop diagram. The behavior of closing the gap is 
illustrated in Figure 8. 

Balancing feedback (also called negative feedback) 
occurs when a system is trying to attain a goal, such as a 
minimum threshold of injuries via regulation or an 
enforcement hiring goal. 

Example lawmaking goals may include desired revenue 
from taxes or other means, reduced crime levels, 
minimizing deaths and accidents via regulation (driving, 
drug laws), public construction, welfare or health care 
coverage, preservation of natural resources, legal-related 
resource needs, bill output. See (Madachy, 2016) for some 
models of goal seeking behavior in lawmaking. 

 

 
 

Figure 7. Goal Seeking Behavior Causal Loop Diagram 
 

 

 
Figure 8. Goal Seeking Behavior with Balancing Feedback 

 

Oscillation  
Oscillation is caused by a balancing process with large 

time delays, creating under and over adjustments around 
the goal as shown in Figure 9. More than one level must be 
in system to cause oscillation. 

Often there is a target goal that the system is trying to 
reach, and the system is unstable as it tries to attain the 
goal. This behavior is shown in Figure 10. 

Lawmaking examples are oscillating crime rates, levels 
of law enforcement (event-driven over adjustments, panic 
reactions), and short term transient fixes. See (Madachy, 
2016) for simple models of oscillation in lawmaking.

 

 
Figure 9. Oscillation Causal Loop Diagram 

 

 
Figure 10. Oscillation Behavior 

 

S-Shaped Growth 
S-shaped growth is the result of a reinforcing process 

that becomes stalled by a balancing process. See Figure 11 
for these interacting feedback loops. An S-shaped growth 
structure contains at least one level, provisions for a 
dynamic trend that rises and another that falls. There are 
various representations because S-curves may result from 
several types of process structures representing the rise 
and fall trends.  

Lawmaking examples include cumulative 
progress/cost to establish new laws, knowledge diffusion 
of regulations or enforcement, law adoption, or population 
coverage over time. Deterrence against penalty levels 
exhibits the diminishing returns in S-curves. Figure 12 
shows example S-shaped behavior over time. See 
(Madachy, 2016) for some models of S-shaped growth in 
lawmaking. 
 

 
 

Figure 11. S-Shaped Growth Causal Loop Diagram 
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Figure 12. S-Shaped Growth Behavior 

 

SYSTEM ARCHETYPES 

This section presents system archetypes from a 
lawmaking modeling perspective. They present lessons 
learned from dynamic systems with specific structures that 
produces characteristic modes of behavior. The structures 
and their resultant dynamic behaviors are also called 
patterns. Whereas molecules and larger structures are the 
model building blocks, archetypes interpret the generic 
structures and draw dynamic lessons from them. Senge 
discusses organizational archetypes based on simple 
causal loop diagrams in The Fifth Discipline (Senge, 1990). 

System archetypes are effective tools to gain insight 
about patterns of behavior that emerge from the 
underlying system structures. They can be used 
diagnostically to reveal insights into the existing systems, 
or prospectively to anticipate potential problems and/or 
problem symptoms.  

The systems archetypes explain and make visible the 
ÒÅÃÕÒÒÉÎÇ ȰÓÔÏÒÉÅÓȱ ÔÈat happen in many areas of society. 
The archetypes let us step back and see how many 
organizations and governments experience similar 
systemic challenges. Systems archetypes help us deepen 
our understanding of these challenges and design effective 
action plans for addressing them. 

Some of the more prevalent archetypes operative in a 
lawmaking context will be elaborated with examples in the 
following sections. One recurring type of phenomena is 
time delay effects. Delays in systems cause people to 
perceive a response to an action incorrectly. This causes an 
under or overestimation of the needed action and results in 
oscillation, instability or even breakdown. 

 
Fixes That Fail 

In a Fixes That Fail situation, efforts to bring something 
into balance create consequences that reinforce the need to 
ÔÁËÅ ÍÏÒÅ ÁÃÔÉÏÎȢ ! ȰÑÕÉÃË-ÆÉØȱ ÓÏÌÕÔÉÏÎ ÃÁÎ ÈÁÖÅ 
unintended consequences that worsen the original 
problem. The short-term fix creates side effects for the 
long-term, and often results in more fixes needed. The 
feedback loops involved are illustrated in Figure 13. The 
associated general behavior over time trends are shown in 
Figure 14. 

A problem symptom exists that is desired to resolve. A 
solution is quickly implemented, which alleviates the 
symptom. However, the solution produces unintended 
consequences that, after a delay, cause the original problem 
symptom to return to its previous level or even get worse 
clearly shown on Figure 14. This development leads us to 
apply the same (or similar) fix again. This reinforcing cycle 
of fixes is the essence of Fixes That Fail. 

Lawmaking examples include: 
¶ Government increasing the cigarette tax to raise 

more taxes causes smuggling of cigarettes, thus 

reducing the number of taxed cigarettes sold. 

¶ Drug war enforcement raises price of illicit drugs, 

thus profiting and further empowering the cartels.  

¶ Endangered species act causes landowners to kill 

such animals on property in order to sell to 

developers. 

¶ 4ÈÅ Ȱ4ÈÒÅÅ ÓÔÒÉËÅÓ ÁÎÄ ÙÏÕȭÒÅ ÏÕÔȱ #ÁÌÉÆÏÒÎÉÁ ÌÁ× 

gave incentive to evade a 3rd arrest, leading to more 

violent crime on police. 

 

Figure 13. Fixes that Fail Causal Loop Diagram 
 

 
Figure 14. Fixes that Fail Behavior 

 
Example: Lawmaking Fixes that Fail Model 

A demonstrative system dynamics model was developed. 
The causal loop diagram for the dynamic behavior is in 
Figure 15. The elaborated rate and level model is shown in 
Figure 16, with output behavior in Figure 17. It models the 
typical situation in which government spending programs 
exceed its revenues. Elected lawmakers are faced with 
spending programs that exceed national or state revenues. 
They cover the shortfall by borrowing money to finance 
roads, defense, medical assistance, welfare, and other 
programs and services.  
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The following year, these expenditures include 
continuation and maintenance of existing projects, new 
promises to constituents, and payments on the earlier debt. 
Faced with the painful and unpopular choices of cutting 
programs or raising taxes, they take the easy way out and 
borrow again. Government gets saddled with increasing 
debt, and interest payments on that debt. Short term 
improvement gets overwhelmed by long term new debt 
costs. 

 

Figure 15. Government Spending Causal Loop Diagram 
 

 
Figure 16. Government Spending Demonstration Model 

 

 
Figure 17. Government Spending Model Results 

 

The underlying relationships can be viewed in the model 
at: https://insightmaker.com/insight/93082/Lawmaking -
Fixes-that-Fail. It can also be executed in a browser or 
cloned for further development. 

 
Shifting the Burden  

In the Shifting the Burden archetype, two balancing loops 
ÃÏÍÐÅÔÅ ÆÏÒ ÃÏÎÔÒÏÌ ÉÎ ȰÓÏÌÖÉÎÇȱ Á ÐÒÏÂÌÅÍ ÓÙÍÐÔÏÍȟ ×ÈÉÌÅ 
a reinforcing side-effect of one solution makes the problem 

worse. The feedback loops are illustrated in Figure 18. The 
associated general behavior over time trends are shown in 
Figure 19. 

When a symptomatic solution is implemented, the 
symptom is reduced which lessens the pressure for 
implementing a more fundamental solution. Over time, the 
symptom resurfaces, and another round of symptomatic 
solutions is implemented. This side effect exacerbates the 
problem by further diverting attention away from more 
fundamental solutions. 

For example, government programs dictated by law 
ÏÆÔÅÎ ÉÎÃÒÅÁÓÅ ÔÈÅ ÒÅÃÉÐÉÅÎÔȭÓ ÄÅÐÅÎÄÅÎÃÙ ÏÎ ÔÈÅ 
government. Welfare programs do this when they do not 
attempt to simultaneously address low unemployment or 
low wages. Drug rehabilitation programs that do not 
address the root causes of addiction lead to the patients 
returning. All of these shift the burden back to the 
intervener, the government. 

Other lawmaking examples include: 
¶ Inadequate regulations and drug company behavior 

shifting the high cost of drugs to consumers. 

¶ Bank failures addressed symptomatically by 

creating FDIC and FSLIC, not a fundamental solution 

of prudent banking practices. Responsibility for 

protecting deposits shifted to government. 

 

Figure 18. Shifting the Burden Causal Loop Diagram 
 

 

Figure 19. Shifting the Burden Behavior 
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Limits to Growth  
In a Limits to Growth scenario, a reinforcing loop creates 

pressure in the system that is relieved by one or more 
balancing loops that slow growth. The reinforcing process 
of growth or expansion will encounter a balancing process 
as the limit of the system is approached. The reason is that 
the system has hit some limit such as capacity constraints, 
resource limits, etc. that is inhibiting further growth. These 
feedback loops are illustrated in Figure 20. The associated 
general behavior over time trends are shown in Figure 21. 

Lawmaking examples include: 
¶ Municipal building codes allowing rampant 

development until no space is left. 

¶ Governments allowing depletion of natural 

resources eventually stymying industrial growth. 
 Growing actions initially lead to success, which 

encourages even more of those efforts. Over time, however, 
the success itself causes the system to encounter limits, 
which slows down improvements in results.  

The archetype has a structure characterized by a 
reinforcing process (which serves as the initial growth 
engine) and a balancing process which contains the limits 
that eventually cause growth to level off per Figure 20. 

As efforts increase, so does performance, which 
encourages even more efforts, as loop R in Figure 20. But 
the performance (or growth) is linked to a limiting factor 
that, as performance increases, so do the forces slowing the 
success. The limiting factor then comes back around to 
decrease performance (loop B).  

 

Figure 20. Limits to Growth Causal Loop Diagram 
 

 

Figure 21. Limits to Growth Behavior 
 

Drifting Goals  
In Drifting Goals, two balancing loops strive to close the 

gap between a goal and current reality. When a gap exists, 
the goal is often lowered to close the gap. Eventually the 
lowering of the goal leads to deteriorating performance.  
The feedback loops are illustrated in Figure 22. The 

associated general behavior over time trends are shown in 
Figure 23. 

Similar to shifting the burden, as current problems need 
to be handled immediately, the long-term goals 
continuously decline. Lawmaking examples include: 
¶ Lawmakers allowing public debt increase, sliding 

limits of  environmental pollution. 

¶ Lawmakers adopting watered down provisions in 

new bills in order to demonstrate some progress. 

 

Figure 22. Drifting Goals Causal Loop Diagram 
 

 

Figure 23. Drifting Goals Behavior 
 

Growth and Underinvestment  
The Growth and Underinvestment is similar to the Limits 

to Growth structure with an investment-policy balancing 
loop as a system constraint. When growth approaches a 
limit, the system compensates by lowering performance 
standards. This reduces perceived need for capacity 
investments and leads to lower performance, justifying 
further underinvestment. The feedback loops are 
illustrated in Figure 24. The associated general behavior 
over time trends are shown in Figure 25. 

Lawmaking examples include public transportation 
becoming overcrowded, in need of expansion, but city 
accepts substandard service and does not invest more.
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Figure 24. Growth and Underinvestment Causal Loop 
Diagram 

 

 

Figure 25. Growth and Underinvestment Behavior  
 
Success to the Successful 

The Success to the Successful archetype has two 
reinforcing loops competing for a common, limited 
ÒÅÓÏÕÒÃÅȢ  )Î Á ÓÙÓÔÅÍ ×ÉÔÈ ÌÉÍÉÔÅÄ ÒÅÓÏÕÒÃÅÓȟ ÏÎÅ ÐÁÒÔÙȭÓ 
initial success justifies devoting more resources to that 
party, which widens the performance gap between the 
various parties. The feedback loops are illustrated in Figure 
26. The associated general behavior over time trends are 
shown in Figure 27. 

Lawmaking examples include: 
¶ Legislated tax codes: the top 2% continue getting 

more tax advantages, becoming more influential 

still . 

¶ International treaty bodies where select countries 

have more power than others and use it to maintain 

advantage over other countries.

 

 

Figure 26. Success to the Successful Causal Loop Diagram 
 

 

Figure 27. Success to the Successful Behavior  
 

Escalation 
In an Escalation situation, two or more players manage 

their own balancing loop in response to the threatening 
actions of others. The feedback loops are illustrated in 
Figure 28. The associated general behavior over time 
trends are shown in Figure 29. 

A perception of threat causes one party to take actions 
that are then perceived as threatening by another party. 
The parties keep trying to outdo one another in a 
reinforcing spiral of competition.  

Lawmaking examples include: 
¶ Legislation supporting war and arms races. 

¶ Legal suits and countersuits. 

¶ Regional escalation of competing security and criminal 

forces.


