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"While all other sciences have advanced, that of government is
standstilli little better understood, little better practiced now than th
or four thousand years agd.John Adams

IT1S TIME TO ADVANCE TH E SCIENCE OF LAWS

With great pleasute introduce the first issue ofhe Science of Laws Jourral
Whil e alll scientific journal surnal has the a
unique ability to provide knowledge thapositively affecs the daily life of all
humankind residng under the jurisdiction of a set of laws. As John Adams
accurately captuteabove the current knowledge of how and why laws work, or fail
to work, is largely unknown. To put this in context, a previous study found the
betweenthe years1800 and 2006 there wermly 1,850 scientific, peereviewed
articles written about laws and their effect or outcome. Considering there a
millions of laws already in effect and more being released every year,stfant
amount of scientific investigation is inadequate. Further, the articles that do exist
scattered among several journals of varying primary topics such as medicir
automotive engineeringand criminal justice. The need for a dedicated scientific
field to study the effects of laws is real and this journal is a majorfstemrd in
reaching that goal

This inaugural edition of th@ournalis filled with the proceedings from the First
Annual Science of Laws Conference held at the University of California, San Dieg
in conjunction with the International Council on Systems Engineering. Future issu
will contain peemeviewed research papers on topics related to the investigatiy
science ofaws as well as the creative science of laws. Investigative science articl
will examine the effects of laws while the creative science artiglksxamine the
design methodologies needéd create laws that optimallpchieve the desired
outcomes

Hundeds of years agdohn Adams recognized that the science of laws had bee
stagnanfor thousands of years. We ahd Science of Laws Institute are excited to
be taking positive steps to revive and advance the science of Weslsanvite and
encouragethers to participaten the science oflaws byserving in a voluntary role
(seeour A Cal |l f) or by siviglylencoutaging meaningful dialogue on the
subject of science in lawmakingth friends, neighbors, afat co-workers about the
current lzgk of sciencebased lawmaking. Together, weld the potential tanake
dramaticimprovements in the quality of life of nearly all hurkard.

THE S

by
=t N

T

CIENCE OF
LAWS JOURNAL

Excellence in
Governance
through Science

JOURNAL
INFORMATION

VOLUME 1, ISSUE 1
July 4, 2015

EDITOR-IN-CHIEF
John N. Wood, PhD

EDITORIAL BOARD

David Schrunk, MD

James terVeen, PhD

Jeanette Wood
PUBLISHER

TheScience of Laws Institute

BOARD OF DIRECTORS

David Schrunk, MD
Gary Saner
John N. Wood, PhD

WEBSITE

www.scienceoflaws.org

“The Science of Laws Institute is a
registered501(c)3) nonprofit
organization



Schrunk

Th S . f L PROCEEDING
David Schrunk*
INTRODUCTION 3. It does not assign priorities to problems,
4. It does not set goals for laws in terms of measurable
In 1995, the Science of Laws Institute, a California outcomes,
Nonprofit Public Benefit Corporation, was founded and 5. It does not require law designers to have design
dedicated to the establishment and growth of the science of expertse,
laws. The traditional method of lawmaking, now used by 6. It does not require modeling or computer simulation of
legislative assemblies, has not been ablertaluce laws that law designs,
consistently solve societal problems. To improve the 7 |t qoes not require an accounting of all related costs of
performance of governments, a new science, the science of laws
laws, is prop_osed as a means for deriving knpwledge of laws 8. It does not require an accounting of risks and side effects
and for creating new efficacious laws that satisfy the purpose of laws
i t. ! .
of democratiggovernmen 9.1t tolerates design mMedgsxtisn an
TRADITIONAL LAWMAKIN G laws, _ .
10.1 t tolerates the inclusion of

The impetus for the creation of the science of laws by the agenda provisions, ) _
Science of Laws Institute came from the observation that 11.It is based upon opinions (ideology) rather than reliable
governments, through their lawmaking institutions, create knowledge,
laws (e.g., legislative statutes gu |l at i ons, or d ilznltxdoes roregyire thercitation of references, and
an attempt to solve societal problems that degrade or threaten 13.It does not require the evaluation of carnes.
to degrade the well being of the people. However, unlike
other productive industries that make useful products, the  These defects of the traditional method of lawmaking
lawmaking industry has not been successful. &aki render it incapable of solving complex societal problems
problems such as war, crime, poverty, and illiteracy remain as by means of laws It employs speechmaking, debate, and
serious challenges for governments despite the continuous compromise, and observes parliamentary protocols for the
production of large numbers of laws and the resulting creation of &ws. However, the end result of this process is
expenditure of substantial resources. In response to problemsthe enactment of poorly designed laws that are, variously,
that are notsolved by existing laws, legislative assemblies defective, vague, wasteful, unnecessary, or ineffective in the
enact more laws and add them to the existing bodies of laws. solution of problems. On occasion, it produces laws that are
The result of this process is that the bodies of laws grow in effective, such as talaws that raise revenue for government
size, cost, and complexity but societal problems remain operations. However, those laws are, as a generalization,

unsolved, and governmentsuthfail to satisfy their public unnecessarily costly and complicated. In terms of producing
benefit purpose. bodies of laws that efficaciously solve problems for the

A review of the | awmaki ng pendficoktisepublic,fihe tgpditioramlatnothef mwmaking is & e
traditional method of | awma kfailorg. dVore sminguely thescontinbieal rowtthtin thie size @né r i 0 u <
flawed as a problemolving process. The traditional  chaos of the bodies of laws causes governments to enforce
method is prolific in the prodtion of new laws; however, it laws selectively in a drift towards arbitrary rule, in violation

has not been successful in satisfying the public need to solve of the rule of law.

or mitigate societal problems. The reasons for the failure to

solve societal problems include the following list of flaws and THE SCIENCE OF LAWS
omissions of the traditional methodl lawmaking:

1. It substitutes the creation of laws for the solution of  Ajthough the flaws and omissions of the traditional method

problems, are serious, they can all be corrected by the simple expedient
2. It does not require societal problems to be defined, of applying well established scientific investigative and
problem solving expertise to laws and lawmaking. In other
The Science of Laws JournalVol. 1, No.l, (2015): 2. words, the opportunit exists to make a significant
© 2015 The Science of Laws Institute (www.scienceoflaws.org) improvement in the performance of laws hence
*Author to whom all correspondence should be addressedaile governmentsi by simply expanding science to encompass
david.schrunk@scienceoflaws.org). laws and lawmaking. Based upon this premise, the Science
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The SciencefdLaws: Introduction and History

of Laws Institute is moving forward with the establishment
and gowth of the science of laws. The science of laws

legislatures and the science of laws may be expected to
produce the favorable scenario where, at any given point in

consists of two coequal branches: 1) The creative science of time, societal problems are being solved by @éwgroving

laws and 2) The investigative science of laws.

Creative Science of Laws: The purpose of the creative
(i.e., engineering) branch of the scienof laws is to solve
societal problems that degrade or threaten the well being of
the people (in terms of human rights, living standards, or
quality of life) within the jurisdiction of a government. To
accomplish this task, it employs knowledge, tools dasign
expertise, such as modeling and simulation, to create and
optimize laws of government. It also derives, records,
organizes, and promulgates reliable knowledge of design

methodologies and best practices that are applicable to the

creation of lawof government.

The creative science of laws will correct the defects of the
traditional method, establish quality design (QD) standards,
quality improvement (QI) standards, and ethical standards for
the creation and optimization of laws, and transform
lawmaking into a knowledge industry. Eventually, the
creative science of laws will supplant the lawmaking task of
legislatures.

Investigative Science of Laws: The purpose of the
investigative science of laws is to derive, record, organize,
and promulga scientific knowledge of the structure and

mechanics (cause and effect mechanisms) of the laws of

government. Every law of government is created on the
universallyheld premise that the law, when enforced, will
produce a desired change of human behaviér.law of
government is thus an experiment of human behavior base
upon the hypothesis that the law, when enforced, will produce
a beneficial societal
incomplete in that governments do not routinely measure,
analyze and record the outcomes of law enforcement. The
result is that the effects of laws are unknown and some laws
may, in fact, be harmful to the public.

To end the ignorance of the outcomes of laws, the
investigative science of laws uses scientific methogies to
derive and accumulate reliable (i.e., scientific) knowledge of
the structure and mechanics of laws. With this knowledge,
governments will be able to create quality assurance (QA)
programs that identify, and thus lead to the repeal of, those
laws that cannot be demonstrated to provide a net benefit to
the public. In addition, the accumulated knowledge of the
outcomes, or history, of laws will enable governments to
avoid the mistakes of previous failed laws, and will serve as a
useful data basef the creation of new laws.

Synergism between Legislatures and the Science of
Laws: The implementation of the creative and investigative
sciences of laws will cause the traditional lawmaking method
to be transformed from the present opinmased feed
forward control system that merely produces laws (Figure 1)
to a knowledgédased feedback control system that solves
problems in the public interest (Figure 2). By this process,
legislatures will identify and prioritize problems for solution
and set probless ol vi ng goal s (i.e.,
creative science of laws will design laws (under contract from
the legislature) that optimally accomplish legislative goals,
and the investigative science of laws will measure, analyze,
and report the outcomes ofwsa. The synergism between

www.scienceoflaws.org

out com

means, and problems of the next higher order of cofitple
are in the process of being solved.

Legislative
Proaess

Input
(Ideas For New Lawys

———— Output

(More Lawg

Figure 1. TRADITIONAL LAWMAKING: A Feed Forward
Control System That Creates Laws. The traditional method
of lawmaking is a simple feed forward control system that
creates laws of govement. Note that this system of
lawmaking can operate indefinitelyithout reference to
societal problems.

(+) Law Design to

Solve

(ao)/ ai

Input
(Societal problems,
goals)

Output

(Problem solution

in the best interest
of the public)

)

Laws (QA)

Repeal of
Non-productive Laws

Figure 2. SCIENTIFIC LAWMAKING: A Feedback Control
System That Solves Problems. The inherent quality

d programs (QD, QA,na Ql) of science will transform the

lawmaking process into a problesolving feedback

gontrol sypmygagrdhe directiog prine IRIERY% r i ment o

NEXT STEPS

The next steps of the Science of Laws Institute include the
following:

1. Publish a journal of scientifiabstracts and articles of the
investigative and creative sciences of laws,

2. Accumulate and publish a list of reports of
methodologies and best practices for the investigative
and creative sciences of laws,

3. Form a scientific society of the science of laws,

. Conduct annual scientific meetings for the presentation
of topics related to the science of laws and for the
exchange of ideas,

5. Establish links with science and engineering institutions
such as the National Academy of Engineering to
exchange informationral coordinate efforts to improve
knowledge of laws and to improve the efficacy of laws,

6. Establish links with universities for the development of
multi-disciplinary programs for modeling and computer
simulation of laws of government,

7. Communicate with univsities for the development of
ftaNég& eurriguld | for Ctied dciencet dh@ engineering
disciplines of the science of laws.
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CONCLUSION REFERENCES

The science of laws holds the promise of creating and Schrunk, D.G., THE END OF CHAOS: Quality Laws and the
maintaining bodies of laws that enable governments to satisfy  Ascendancy of Democracy. QL Press, Poway, CA, 2005.
their pwlic benefit obligations. If, as expected, it meets its
objectives, the perfanance of the laws ajovernmenin the
solution of problems in the best interests of the people, will
come to parallel the patterns of success that typify every other
field of science.

David G. Schrunk, MD is an aerospace engineer and medical doctor. He i
founder and president of the Sciendéd.aws Institute of Poway, California, and i
the author of the book, THE END OF CHAOS: Quality Laws and the Ascendz
of Democracy.
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A Technocratic Approach téffective Decision Makingn Policy Design

A Technocratic Approach to

PROCEEDING

Effective Decision Makingin

Policy Design

Nargis Hossain*

ABSTRACT
Societal changesgethnological innovations and economic opportunities present endless opportunities and
challenges in the fluid policy making environment. In this environment of uncertainty, decision makers
defined in this study as policy makers, make complex decisiong boodeded rationality. Coupled with
temporal constraints, decision makers do not fully consider the potential consequential outcomes of
ineffective decision making. This study will focus on demonstrating modeling and simulation to optimize the
decision mé&ing process and policy design. Using a generalized constraint based uncertainty model; the study
will illustrate through simulation, the efficacy of systems engineering approaches in not only maximizing
outcomes but also minimizing the unintended consecpseof bounded rational decision making in uncertain

conditions.

Keywords: bounded rationality, simulation, policy design

INTRODUCTION

Scientia est potentia: Knowledge is power; a phrase coined
by Thomas Hobbes in 1668 in his botkviathan (Lee,
2013). Knowledge is power has many interpretations;
knowledge in theory is not power, rather said power lies
within the utility of the information. As a political
philosopher, Hobbes understood that the utility of information
and knowledge by a strong unitled government was the
foundation of a legitimate government. However, Hobbes
could not have forecasted the amount of information that
would define the current makeup of policy design. With the
emergence of complex information flows, policy makers need
to have a distinct fund of knowledge to make effective
decisions on policy design. The challenge lies within the

in not only maximizing outcoms but also minimizing the
unintended consequences of bounded rational decision
making in uncertain conditions.

POLICY MAKING AS A C OMPLEX
ADAPTIVE SYSTEM

Laws and public policy issues are by nature, complex; they
operate in changing gqmlitical situations and are filled with
uncertainty. To exacerbate this complexity these laws are
formed by people who not only lack the fund of knowledge
but are overtly biased in their decision making strategy. The
complexity of this system means that the enviromimg no
longer controlled and predictable, therefore the simple cause
and effect rules did not apply. Decision makers had to be

realms that these policy makers operate under bounded adaptive.

rationality and are unable to know or process the relevant
information in a time critidamanner needed to facilitate a
law. The fluid nature of our geopolitical environment means
that crises are happening
oldest constitutional democracy, the citizens mandate that
problems be solved. Due to intelledtvesource scarcity and

The linear approach to understanding complex systems
was no longer viable and could not be applied to the adaptive
system. In order for decision makers to understand complex

e Vv adapfive Systefnis, thaynhdd tembrdcd £newwiny df idkisg.

For this study, we define complex systems as the policy
making environment. The complex adaptive system is

temporal constraints, we as a socio technical society have to comprised of agents. Agendefined in this study as policy

find ways to augment effective decision making to address
these issues in a timely and effective manner.

The aim of this study was to illustrate the significance of
sydems engineering and public policy convergence and its
outcomes in decision making productivity. Using a

makers. They are considered the building blocks of the
complex adaptive systems (Bedau, 2000) and are self
organizing thereby creating patterns.
a set of rules (Bowles, 2004) and adjusts thdiabr to that

of other agents, and by definition, they interact and adapt. As

generalized constraint based uncertainty model, the study a result, the decision makers responsible for creating and

illustrated through simulation the efficacy of systems
engineeringpecificallyknowledge managementpproaches

The Science of Laws JournalVol. 1, No.1, (2015): 5-8.

© 2015 The Science of Laws Institute (www.scienceoflaws.org)
*Author to whom all correspondence should be addressedaie
nhossain@buffalo.equ

www.scienceoflaws.org

implementing policies must be able to adjust, adapt and make

decisions that are not well defined, have more than one
correct answer and interact with agents that have conflicting
interests.

The fluid nature of integration and adaption amongst agents
in the public policy arena has been the point of research in

Page5
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Hossain

scholars across the field (Formaneck, Cozzarin, 2013). The
underlying theme in literature has been the impact of
information and cultivating said information into knowledge
to design policy. To move forward we must look beyond the
status quo of the policy design process, detect the challenges
in the system and prale solutions to optimize results.

DEMOCRACY + MERITOCR ACY =
TECHNOCRACY

Ah, democracy; perceived as one of the ultlmate prlnC|pIes

that societies strive Creaee%esoét@ebehglqjeg c%r??sureraegtfna%eg\aron?egﬂ irul
t he peopl e. o I n theory, t he qer ar e

governance by the people for the people through electe
representation. The democratic process as represented in
Figure 1, of policy design focuses on three aspects: (i)
formulation, (ii) implementation, and (iii) modification.

Model of the Policy Making Process in the
U.S.

Preferences of individuals, organizations, and interest groups, along with biological, cultural,
demographic, ecological Economic, ethical, legal, psychological, social, and technological inputs.

Policy Formulation Phase
Agenda Setting o Implementation Phase
e VLegetation

Devebopment |\Enactrent | Rulemaking —$-Operstion
+Possible Solutiors of Legslation
+Political

Policy Modification Phase
Input from constituencies about impact of policies, assessment of policies by those
forming policy to influence potential policy change

C

Figurel. Model of thePolicy Making Proces3he Texas
Politic Project

Classical approaches to policy design focused on the
formulation of the law; and were based on forecasting,
analysis and bureaucracy (Morelli, 2004). The planning
theory then moved towards the implementatgiage where
the focus was heavily placed on the efficacy of the analysis
and the unintended consequences of bureaucracy (Winter,
2003) which often led to modification. The process was long
and tedious and often times ineffective. The classical
approachtried to take a chaotic and ineffective bottom up
approach and hoped to make it a productive dynamic. The
challenge in this dynamic was that the decision makers were
designing laws based on ideology and limited political
knowledge of the topic without ogidering the long term
unintended consequences it would have in policy design. The
fundamental understanding is that these decision makers did
not possess in its entirety the intellectual capital to make
sound decisions.

The decision making process doeot occur in a bubble,
the complexity of the actors associated in this process means
that circumstances like legalities, expert consultation and
communication is integral. These circumstances could not be
addressed without the knowledge and the quatifios to
provide solutions. Moving from the more classical approach

Page6
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of the democratic process, the idea that a more meritocratic
process was necessary to tackle these circumstances (Bovens
et al, 2009)

Meritocracy is defined as a system of rule charaxd by
those best qualified by notion of their technical expertise.
current literature (Boven®t al, 2009) a meritocratic system
is said to hold that most promise in governing networks. The
meritocratic system is not an independent system butsstate
that not only do the people elect representatives that share a
similar ideology but they are also the most qualified and
informed in geopolitical issues. However, merit is based on

In

e
democratic process can select a candidate. Thus, for a
meritocratic system to work there has to be an objective
consensus on how the process should flove underlying
fact here is that the policy design system does not have to be
an either/or solution but one of convergence; an
amalgamation of both democracy and tangible measures of
meritocracy forge together to bring the technocratic system.

Technocacy is a system of governance where decision
makers are selected on the foundation of technological
knowledge (Howse, 2002). In a technocratic system, the
decision makers facilitating policy design is chosen because
of their knowledge rather than politicgrofile. Having
subject matter experts who have the technical expertise and
political background in the policy making process, addresses
the resource scarcity in both intellectual capital and time. In
theory, we can have our cake and it eat it too. tWha
technocrats bring to the policy making process is a specialized
set of skills (more often they are scientists and engineers) to
effectively address spaces of uncertainty in the decision
making process.

Uncertainty in processes coupled with political and
ideological interests has led to a more constrained based
model of policy design.

CONSTRAINT BASED UNCERTAINTY

Most decisions are made, at some level in an environment
of limited knowledge, partial truth and uncertainty. As the
progression towards more systems engineering approach to
augment decision making grows; the need for a foundation of
understanding how to deal with uncertainty is crucial.

Literature on generalized uncertainty principles state that
uncertainty is a characteristic of informati and that
uncertainty can successfully be measured through statistical
analysis (Zadeh, 2005). Can these classical approached be
redefined in a more efficient manner through a more systems
engineering approach of modeling and simulation? If we look
at the classical decision making process in Figure 1, we can
predict where possible areas of uncertainty can affect the
policy making process as noted in Figure 2.

Identifying the uncertainty and constraints in the policy
making process, we can then creates thnvironment in a
systems dynamic environment. Modeling and simulation
discipline was introduced so scientists and researchers could
have a more Hadepth understanding of the interactions of
parts of the system and of the system as a whole (J6nsson,

The Science of Laws Journal



A Technocratic Approach téffective Decision Makingn Policy Design

Edholm, Salmonson, Henningsson, 2012). A model is When simulating this model we can note where there is a
defined as a simple representation of understanding of an gap in information, the rel/ance of the information and the
actual system (Ahmar Khodjat al, 2003). The makeup of amount of assumptions are being made. This helps the
the model is in the details (Birta, Arbez, 2007); the details decision maker understand the utility of the information and
should represent reality irosie capacity and should reflect  how he or she can effectively use this information in the
all the characteristics to model a particular system. Having a policy design. Outcomes in productivity are axganeasure
model with too little or irrelevant information will affect the  of growth; and, if used effectively, could help facilitate an
interactions (Birta, Arbez, 2007) and thereby not promote an optimal design process.

accurate representation.
)

N . Releant | o lecdg. los)
T ey Toom T
KL to KK J
Further Inguiry
imton

Identification of Risk Effart
Assumptions and Risk (oriel

Tdentified
asumption [ Risk
erdificatior L X

e

Matching

“f\mh';f )

Figue 2. Generalized constraint based uncertainty magel
guided by Cohen, 2013

Simulation on the other hand, refers to the method of Figure4. Knowledge Management Knowns and Unknowns
computerizing models which can be run over a period of time Modelc guided by Crawford, 2012

to study the inferences of defined interactions (Head, 2009).

Simulations are iterative in nature and are synonymous With | <;ion resus 1 O ®
model development. Modeling and simulating an peoumptons Rk 1o .
environment by trial and error allows the developer to

understand the nuances of the system interactions and how the| Relerant Knun Unknowns | @ Relevant Known Knons | @ Aseumptions

0 10 20 30 40 50 60 70 8O0 90 100 M0 120 130 140 150 160 170 180 190 200
Time (Years)

2 CillSneed

state of the system reacts givére agents involved (Dias, 3.
2007). In Figure 3 we see an example of the simulation %ss Time: 123
output whose variables are measured according to certain | £ : etevant Known
guidelines. By adjusting the parameters as noted to the right, g;: 50 205006484 =
this systems dynamics tool can help optimize degisio fa
processes in policy design. i
§ 15
Matching . 2 =1 Lock ot ungrstenaina ;i 150
_ — . . ot H

T W

Figure5. Knowledge Management Knowns and Unknowns
Simulationg guidedby Crawford, 2012

= o CASE STUDY: KNOWLEDG E
MANAGEMENT AND OUTCO MES OF

Figure3. Generalized constraint based uncertainty model PRODUCTIVITY
simulation¢ guided by Cohen, 2013

To exemplify the impact of systems engineering
applications, especially knowledge management applications
on productivity in large scale institutions, a longitudinal
study,being considered for publication was conducted of the
association between a University
research productivity at t he S
excellence.

The adaption of KM software by SUNY centers of
excellence produced a sigm#int increase in the rate of grants
and publication. The empirical inquiry that drove this study
was to validate that the adoption of these KM tools
significantly increased the productivity of researchers at the

Having efficient decision processes is dependent on the
information and knowledge that drives the system. Having
effective knowledg management tools that help optimize the
decision process can increase decision productivity as well as
account for risks. Modeling and simulating knowledge
knowns and unknowns can lay the foundation of the actual
knowledge base from which these decisiomill be derived
from. In Figure 4 we see a generalized knowledge
management model that will simulate the knowns, unknowns
and assumptions of information being processed.

www.scienceoflaws.org Page7
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university center. This study confirmadgradual increase in Bovens, Marcus Alphons Petrus, and Anne Christina Wille.
productivity preKM adoption, which we associated to the "Diploma Democracy: On the tensions between
marginal increase in total principal investigators. The notable  Meritocracy and Democrgc Verkenning for the NWO
change was evident pekM adoption when principal Programma'Contested Democracies'." (2009)34.

investigator  resources

significantly increased. The ANOVA calculation suggested a

decreased

and productivity Di a s , W. P. (2007), APhI

statistically significant difference in the mean publications k nowl edg e 0 -BaskdnSygsteinss \dolurae 20(4) p
and grants per PI rate for the four university centers after the  382387.
adoption of information sharing tools. While causality was Formaneck,S. D. and Cozzarin,

not firmly establishedbetween the adoption of KM tools and

the increase in PI productivity, the data and analysis presented pat h pr obl emd Omega-472.Vol u
here suggest a link between KM tool adoption and this Head, S., Virostko, B. (2009), "Systems engineer

productivity increase.

When applying this systems engineering approach to the

execution and knowledge management,” Aerospace

policy making processan association between the impact of pp.49.
knowledge and policy design can increase the decision Howse, Robert. "From Politics to Technocraayd Back

making productivity significantly.
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Two Essential Sourcegor
Application of Systems Engineering
to a Scienceof Laws

Len Troncale*

Emeritus Prof. & Chair, Biology Dept., Director, Institute for Advanced Systems Studies,
Lecturer, Masters in Systems Engineering, IME Dept.,

California State Polytechnic University

General Systems Resely Development and Consulting Co.

ABSTRACT
To increase systems engineering potential for contributing substantially to law, legislation and public policy
(LL&PP), two fundamental and indispensible knowledge bases, not yet present in SE practice, must be
learned. First, SE would need to study the long history of precedent for science influencing lawmaking and
Congress and the practical lessons those early experiences provide. This new attempt should learn from this
pertinent past. Second, SE would needhtmrporate a rigorous, evidenbased natural systems science in
its education, posgraduate training, praxis, and certification programs. Regarding the first, this paper will
describe the build p of i nfluences i n t helishingthedGficetohTedhnologyd t o | egi s
Assessment (OTA, Public Law 984) [this author participated in those deliberations], recap its reports and
their influence, outline forces that caused its demise, and concisely summarize some of the lessons learned. It
will also describe some of the experiences of the institutions that attempted to substitute for the dissolution of
OTA in terms of science counseling legislation. Regarding the second, this paper will describe a new natural
systems science (Systems Proce3de=ory) that provides a very detailed list of 100+ isomorphic (patterns)
that describe how systems work and also provide asif of how systems dondét work (Sy:
Development of this research framework is one of the official projects 6O E6 s SSWG ( Syst ems
Science Working Group). This thorough list of desirable features of workable systems would be essential to
evaluating models of proposed legislation or public policy positions.

Keywords: science and the law, Office of Technology Assesit, OTA, natural systems science, systems
processes theory, modeling & simulation, checklists for modeling

INTRODUCTION generations.
One objective of this paper is to raise questions about the

A selection of systems engineers and medical doctors who readiness of SE as currently practi¢edinfluence LL&PP.
are members of INCOSE have decided that since laws, Some of these questis include thefollowing: Is there a
legislation and pubdi policy (hereafter LL&PP) literally ~ fundamental knowledge base in systems science (SS)
result in new social systems, they should be consulted to Under | ying SE that describes ho:
ensure that these new social systems are fair, efficient and WOrk to use in advising Congress? Is there sufficient
sustainable. They would like to apply what they have learned understanding in SE of complex, hybrid (nature + human)
in engineering complex systems to themplex systems systems to use to advise specifically how laws and public
problems faced by our nation. The INCOSE San Diego Policy could be improved? Are there exemplars of successful
Chapter 6s -@anferenae kindlyi aedicated an application of SE to LL&PP? Do systems engineers generally
afternoon to this topic. The central objective would be to have a good sense of how to influence LL&PP, the obstacles

evaluate the potential of Systems Engineering (SE) to inform @and possibilities inglved, and have they studied past attempts

LL&PP. and the lessons that could be learned from those past
This laudible and sensible objective is not new to attempts? This last question is the main focus for this paper.
history. Scientists, in general, have been trying to influence First, it may be important to note that historically the
laws, legislation and public policy (LL&PP) for strongest effort by science for influgng public policy was
in its own interests. Each year the budget proposed by the
The Science of Laws JournalVol. 1, No.1l, (2015): 9-18. U.S. administration includes funding for many science
© 2015 The Science of Laws Institute (wwwiestceoflaws.org) research institutions. At the present time, the amounts of this
*Author to whom all correspondence should be addressedafe funding are very significant, ~140 billions of dollars2(8%
Irtroncale@pp.edu). of GDP). So it is understandable that scientists and engineers,
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their corporations and universities, and their professional double blind control studies of medicine as an ideal of the

societies invested great energy in ensuring that Congress scientific method, but it too is an applied science fielthwi

approved and authorized (two different steps) this funding at many objectives different from science. Science research

adequte levels. A short list of the research entities involved M. D. 6s are ony a small percentag
indicates how influential the research they conduct is to the specialties have a particular perspective and knowledge base

health of our economy and the health of our people. The list useful for a subset of problems our nation faces. Neither has

also demonstrates the depth and breadth of involvement of the breadthof systemsoriented studies because the crisis

science in our soety. problems we face are complex systems problems.
1 National Institutes of Health (NIH):$30 billion per year It would be misleading to point out that scientists comprise
1 National Science Foundation (NSF§7billion per year only 0.5%, engineers only 1.1% and medical doctors only

{1 National Aerospace and Space Administration (NASA): 3.5% of Congress5.2% all together. Sciei_Bts and engineers
~$17 billion per year are less than 5% of the U.S. population. Percentages are

. . . . . irrelevant. We are concerned here about providing studies and
T National - Oceanic and ~Atmospheric Administration  ocearch that inform all Representatives and Senators about
(NOAA): ~36 billion per year N the science and engineering background for a wide range of
1 Center for Disease Control (CDC$7billion per year issues, not direct representation of thetsch population. In
But a second task soon emerged that was equally important addition, the range of topics in seich related legislation is
to the health of our society and its individuals. Increasing far greater than the range of expertise of even the few
numbers of laws concerned problems, topics, and issues thatscientists, engineers, and medical doctors in Congress.
involved sophisticated science and technological components.
The elected politicians and administrators had litle CASE STUDY: OFFICE OF TECHNOLOGY
preparation for understanding these newtsch components ASSESSMENT
that they were obliged to vote upon and decide. So this paper
focuses on the role ofcience and engineering in advising

LL&PP rather than securing its own funding for research. If INCOSE in particular, and systems engineers and

systems scientists in general, seek to provide their expertise
for improving LL&PP, then it would be useful for them to

REDUCED COVERAGE OF SOURCES: become savvy about the pitfalls and potentials ot th
THIS PAPER ONLY ON OTA HISTORY & intervention space. In this paper, we use the experience of the

LESSONS Office of Technology Assessment as a case study that
contains many of the key features of such an endeavor. The
Reviewers of the original version of this paper and case study approach is characterized by deep study of a single
presentation stated that both sourceslared in the abstract instantiationof a particular problematique with the hope that
would be useful information for this new SE initiative. it will provide guidelines for similar situations. The OTA
However, time and length limitations required coverage of story is rich in detail and occurred at the very highest levels of
only the history and lessons portions. So this paper and science and technology studies in the service of LL&PP. It is
presentation now only cover the first source. A handout of also well documentg archived, and about to become an issue
se’en fipostersod covered the i§eugantpdliticssSoherewe use @TA gscaistarfdctee o f
systems and a general theory of how systems work andtdo ~ general class of activities involving science and engineering
work. Some references also contain information on this advising LL&PP.
candidate science of systems that would serve both as a Pre-OTA Debate; Development of Awareness of Need:
foundation for systems enginemgi and for its advice to Around the sixties, th@oliticians of Congress realized that
LL&PP. A brief overview of this theory and its spff they were voting on very specific legislation that far exceeded
Systems Pathology is given in the last section of this paper.  their knowledge base. Sworn to provide for the security and
stability of our civilization, they were increasingly called on

CURRENT STATUS OF SAQENCE to make decisions about tecbai advances. They became

sensitive to the need to anticipate negative consequences of
REPRESENTATION IN CONGRESS their decisions and to various technological developments.

Weisner, science advisor to President Kennedy, emphasized

the need for the fiear keycoudar ni ngo¢a
provide on many issues. Congress recognized that we suffered

a lack of deep, intense research on the crisis societal problems

we were facing. Our country benefited from becoming the

most accomplished innovation engine internationally, but this
achievement simultaneously required that we vetted the

A first step in considering the history of science adgsin
LL&PP would be to outline how many current politicians
have a STEM (Science, Technology, Engineering and
Mathematics)background. Representatives and Senators are
elected to Congress for a multitude of reasons, but rarely for
scientific expertise. Therare only 3 conventional scientists
(2 physicists; 1 microbiologis}) in the current 535.members of innovations produced.
the 113th Congress. All are in the House, none in the Senate. Ironically, one of the main needs me apparent was

: . : be
This IS not counting the 6 an b &dndt btvieén theasrép rateT;%wer(pih t nation. Thd!

f:ec;gg:iisir??ﬁaéggéf Iit ri]:\/t?]z;teiw(aigeZ:]ighTergl)s/ ﬁg;?rzg be executive branch moved quickly to increase the availability of
' 9 9 science and engineering advice (

quite uniquely different from science. | would praise the Presidentds Science Advisory c

Pagel0 The Science of Laws Journal



Two Essential Sources for Application of Systenmgifeering to a 8ence of Lavs

Truman and Eisenhower) but the Legislative Branch of
government was falling behind. Consider the allocations to
the various science agenciestdid above in each annual
budget request. Such issues a-aatlistic missile systems or
not, Environmental Protection Agency or not, supersonic

office and was assigned to ghostwriting short floor statements

-- some that made it into the Congressional Record. Rep.

Daddario had been asked to give a speech at the dedication of

the new Science Center at Wesleyan University. Apparently

he liked my writing so@ gave me the title,

transportation or not put Nixon administration initiatves on Sci ence and the Feder al Gover nme

the table. PSAC made requests according to repoom the speech to me. From my personal file | spontaneously

experts. But how was the Congress to decide on these dictated a speech to his amazing secretary who typed as |

requests without advice of its own? While we in science and talked. He adopted and very effectively delivered gpeech

engineering might see expert advice as leading to somethingand it yi el ded unexpected result

like truth and accuracy, the Congress was actually more the characteristics of a structure that is needed to promote this

focused on power anghaking sure the power was balanced part ner shi pdo (between academi

by equal, but independent technical studies. Another purely sounded much like what the OTA came to be. Those scentist

political aspect was the growing awareness that Congressional attending the dedication thought the speech should be

Committee Chairs needed to expand their control over sci published as a feature article in Science (the wad¢ly-read

tech matters. LL&PP derives from Congriessil Committee journal of multidisciplinary natural science worldwide). The

hearings and draft legislation. Congress also needed to editors accepted the exact words | had written for the aiticle

consider the international dimension of competition with | had compsed all but the title words. Clearly it was because

other nations over new st@ch developments. Daddario, an authority of such influence, was saying those
As a result of the above growing awareness and specifically words that they were listened to at all. But it is ironic that as a

because of the shoak Sputnik and Russian space science mere graduate science student | was influencing national

advances in 1957, Congress created the SRD, Committee onpolicy (if even bystealth). (Daddario passed away in 2010

Science Research and Development, its first exercise at after successfully founding OTA, becoming its first Director

C S

influencing science and hearing from science directly. In
1963, the House named E.Q. Daddarie@bnn) ashe Chair

of the House SubCommittee on SRD. At first, its main role
was running hearings on funding authorization for the
National Science Foundation. Then hearings migrated to
governmeniscience relations in general. At these hearings,
Yaeger introducedite name fitechnol ogy
became standard internationally. Using three reports from the
Library of Congress, the National Academy of Sciences and
the National Academy of Engi
proposed foundation of a Technology Assment Board
(TAB) in 1966 to identify new technology potentials, possible

as well as President of the AAAS otherwise | would not
disclose this ghostwriting, nor should you beyond these notes.
My words, in any case, were deriverh his past official
positions as reported in the press, both scientific and public.)

Although Daddario led debate in the House for the
predecessors and builgb to the proposed law that resulted in
fausdatiors of the OTAD hevhadi dedided in 1970 to leave
Congress and run (unsuccessfully) for Governor of
Connecticut.

n BidartisangLegisBtmrd (Ph 1924843: Han@yp Brooks; t e e

chair of the original National Academy of Science study
requested by Daddario in 1968 wrote most of the bill. Rep

undesirable consequences, and transfer of basic research toDavis (D-Ga), who succeedddaddario as Chair of the SRD

applications. TAB was to be
political influence,
irefbloetcht public and private

altered significantly by Congressional hearings in 1969. It
was refined to be serving Congress solely, and the feature of
Presidential appointees was eliminated. Later other features,
such as appointment agfeven members of the public, and
Directors of other sciencadvisory organizations, was lost.
Still no action was taken. Later Senator BartlettAD
proposed founding an Office of Science and Technology like
the organization serving the executive bitanthat proposal
died in committee. It is really important in the context of this
paper to recognize that all these changes were made for
reasons of pure politics and power, not for improving how
science influenced LL&PP

This author played a tiny role ihé spread of awareness of
the need for Congressional science advising at this time. (See
the handout article distributed during the tplk was a
graduate student in Cell and Molecular Biology at Catholic
University just a short distance from the Capitdlad kept a
personal file on Science and Public Policy debates as a side
interest from my wetlab and theoretical systems science
research. | decided to volunteer to help the key funding
committee for NSF chaired by Daddario. So | walked into his

www.scienceoflaws.org

intioduced it as antepeadend legidlationa mothaerided on btheo m
fii nsul degistaton ab befone. Thp bill simplified QA &dimimigtration;
eilnitneirneasttesd. OPr eButdemMABalwasappointr

own agency; removed the outside public esgntatives; and
perhaps most importantly limited referrals (requests for
reports) to standing Congressional Committee Chairs only. It
also contained unique bipartisan compromises. The TAB
Chair and Vice Chair were to alternate between the political
parties (Dem/Rep) and also between the House and Senate.
The foundation of OTA finally passed Congress in 1972 and
was signed by President Nixon. Unlike today, it was an era of
bipartisan cooperation.

Relevance to Science & the Law:lt is important to
emphasizénow key these changes were to the success of the
legislation and how they are signals to any current effort to
influence LL&PP. All six changes cited above secured start of
OTA as a creature of the legislative branch exclusively,
balanced between partieacahouses, and coupled tightly to
the direct concerns of Congress and its commithesr
dominated system. Similar influences will effect INCOSE/SE.
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ACTIVITIES OF THE OF FICE OF
TECHNOLOGY ASSESSMENT

Despite his absence from Congress when OTA was
initiated, Daddario became its first Director. OTA had an
annual budget of ~$22M and 143 full time staff at its
ma x i mum, more than hal f Ph.
hoc, part time staff approac
A 12-member governing Board (tle#orementioned TAB)
of 6 Democrats and 6 Republicagesch, 3 from the House
and 3 from the Senagtadministered OTA. TAB appointed
the OTA Director, approvedhe budget, approved and
delivered reports after they were produced, and chose the
individual prgects from a list provided by congressional
committee chairs, and only those chairs. No other
individuals, agencies, or units could suggest projects. Any
input from scientists or the public was relegated to the
external Technology Assessment Advisory Cottesi
(TAAC). Both the informal nature of OTA and its
empowering legislation enabled and required it to seek to
ful fildl the following char a
|l anguage and context of Cong
speci fic
of its lifespan, OTA appeared to succeed in achieving these
ideals of ffobjectivityd and
of experts, a core OTA team, stakeholders, and a dedicated,
individual Project Director usually producedoh of the
OTA assessments. Many involved outside contracts for
major analytical tasks as well as arhiouse research team.
Many also convened workshops, extensive external peer
reviews, and continual rewriting as well as dissemination
tasks.

Measures ofProductivity: OTA conducted its studies
for 24 years, 1972 to 1995. In this period it completed more
than 755 studies on a very wide range of topics. These
included such problem areas as health systems; assessment
of polygraph reliability; space; defensgjobal climate
change; acid rain; energy systems; information technology;
environment; the textile industry; nuclear systems; weapons
of mass destruction; biopest control; global
telecommunications, etc. Some of these studies were
massive. For example, orgtudy alone consisted of 2
volumes, another 3 volumes, and still another 12 volumes.
The average time taken to produce a study was 18 months
at an average cost of $500,000. Notice the topics. Many of
these studies have fAstanting
today as when they were completed.

The trends documented across the lifespan of the OTA
indicate that reports increased steadily risingfeid from
the beginning to the end. The increase was from 10 per year
at the onset to ~60 per year at the enthwit average of 32
reports per year. The average doubled in the first two
decades. But the official largecale studies were only the
tip of the iceberg. Many more interim reports, summaries,
special reports, background papers were also produced. The
inside joke around OTA was that the most often produced
it ems we rsei zfespdage)abrizdst One way to
evaluate OTA productivity is to compare it with Congress
itself by noting that OTA used up $20M compared to
Congressods $3, 200 M ofoits paterats f
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of

budget . A scientistsd/ engineersd

tech advising pays off with much vakaed d e d . ©
Measures of Influence:lIt is difficult to measure efficacy

in an area so burdened with ideology and currently with

partisan bias. Herare two measures, one from government

staff observers and one from an external entity. The first

mvolyes assegpmantpf thg most palifisal par of QTA, ngmely

FAB e@psisting gntirgly of palitigiang Aigtike beginining fe

OTA it was predicted by some observéhat the very busy,

highly politicized members of TAB would inevitably become,

Afdi sinterestedo and/ or idysfunct

view, neither negative outcome happened. TAB continued to

meet every six weeks and even more often as the workload

increased. You would be surprised and pleased if you looked

at a history of TAB members. It consisted of many well

known and senior Congressional members of the House and

Senate. Rather than opposing each other, they shared staff,

and participabetmpoeirganbushti ona

one of the stimulants for this performance. No member could

ignore/avoid learning about ICBM information, or drug costs,

grteép_,lo$ivg tagegts ,Th_e malutiﬁaé Becampey gneimpgrfanty ¢

exgersion ¢f the gogventional Bekeri@@asmnts.j Iy fact, o f

800s

0]

poldieai ebsi,ads fins tna ke hzoet@MeymesFbgth oppeging tsides in congressional debate used

the same OTA report to support their positions.

A The rigerqugly| indepgndept Unigh of £angerngdoScigntisis a n e |
conducted an external assessment of OTA. They pointed to
four specific examples where OTA studies had resulted in a
important service to the nation. First, in 1985 it warned about
huge oil spills and our unpreparedness to handle them. This
was four years before the Exxdfaldez oil spill occurred in
Alaska and much longer befothe great Gulf disaster. We
were still not ready. Second, compare the scientists stating
that the missile defense system was costly and ineffective
which was still deployed despite this advance warning
yielding $9,000,000,000 to the providing industriesird,

OTA reports warned the newly formed Dept. of Homeland
Security that its proposed radiation detection systems were
defective but they were still purchased at a cost of billions.
Fourth, OTA popularized the use of electronic distribution
systems for geernment documents and that saved the
taxpayer vast amounts of money. The UCS stated OTA saved
or could have significantly saved taxpayers money while
contributing t o fbding,t safety, and ¢ 0 n 0 mi
heal t h. o

DHSSOLUBION O TREQFRGE OFi gni fi ca
TECHNOLOG Y ASSESSMENT

Evolution: The OTA changed across its history.
Unexpectedly, both TAB members and their staffs became
highly involved. Exactly oppositely, TAAC became
marginalized. They had no vote and so direct public input
disappeared. The vital and anpich t e d -wia e a1 Inyg o
was muted. The limitations of funding caused the OTA to
spend more and more on gstudies to ensure that they could
do an adequate assessment of many topics. Focus changed
from the fApolicy recommemdati on:
drugs) to providing a range of positive and negative

alternative policies. Some of these developments were good
one percent

aspec
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and some were not so good given the original objectives of obstacles remain in force and any ambition vis a vis science

the legislation. and the law must overcome them.

History and lIssues: About the time of the Reagan Consequence of Closing OTADissoltion led to several
administration,voices were raised to criticize the OTA. For  effects: (i) Congress had to rely more on experts with a stake
example, one bookFét City by D. Lambro) tried to prove in the outcomes (lobbyists, industry); (i) there was more
that OTA duplicated other existing agencies. Other more centralization of power in the House of Representatives; (iii)
polemic criticisms were t hatinfluehde)frond BthAer maverrsnend mgericiesa was medluc f ul |y
integrated with welestablished comge s si on al p r o beeasse thay;did nof have the OTA mechanism of producing

accusation that Daddario favored liberal legislators; (i) OTA extensive reports; (iv) the power of the Speaker of the House
staff harbored bias against some members; (iv) Ted Kennedy increased as power of committee chairs was reduced; (v)
dominated OTA work; and (v) decried as a tool for Kennedy political party leaders influenced overall policy more than
to attack the Nixon administration. Additionallythe before; (vi) therewas an immediate reduction in inclusivity;
concentration of power of referral in Committee Chairs may (vii) there was an immediate loss of systdmsel
have helped get the law passed, but in the end it meant thatinterdisciplinary inquiry for complex systems problems. All
OTA provided very little contact or service to individual of these effects are in play today.

members and so it made it easier to find the votes to dissolve Relevance to Intentions of INCOSE & SE:What does

it. the ending of A say to the ambitions of INCOSE,

As a natter of timing, these mounting criticisms occurred  scientists, and systems engineers to influence LL&PP? The
at the same time as the Gi nagpjediww bfthid pecialtsession of thisvriwinferenéerseems c a 0
movement and a Republican resurgence gaining decisive to be exactly what OTA was doing before dishanded. So
control of power . The dr umb eemety itemizex tprobferg above betomeseitheobstadlesdr b e
scal ed back as wmdéntabiynpiolifepatedd z e opportunity for future initiatives.

New power holders were looking for agencies to eliminate.
They could not eliminate the Congressional Budget Office (it QTHER INSTITUTIONS A TTEMPTING TO

prepared their budgets), or the Congressional Research FILL OTA ROLE POST -OTA
Service (it served all members; not just reports for Coremit

Chairs), or the GAO (mandated for audits and management), Where does the current Congress get science and

so they e"”?'“ateo' OTA that had a much smaller base C.)f engineering advice in the absence of OTA? That it still needs
Support. This earned the new p(_)werbrokers a sy[nbollc such .advice, anticipation of problemears .in, advance, and
;’ IthC t %I'r >t/h,t ths c;mm el' N tao: d ct)' nly #@ b(; O dlraté anngié ig n%rgu?nen}'a%‘ inst’ihg grié’inalccrﬂiéfshwd S al
0 the pl_u hICd t?\ ey le'.mmsz i‘n entlr(_et agency an that OTA was only providing services already available.
ac;;o.?%:iae.no tgr;/g;s ‘tehlcjeSN:r uclgse at:)steesrl éomet'mes b Clearly the remaining advisory groups such as the Library of
i : th tZI 9 le of Vb y \; b : i 3&C0ngress (LOC) and the Congressional Research Service
ru :ng tha ‘E‘) C?(Up € Od members gnroutﬁ \t/ve[eda tsen é_?: (CRS) were not authorized or set up to perform the intensive
Sxfenzllve Tﬁctgmun manetljvetrlng int a OTK 0 i and extensive studies OTA performed. For a time (circa 2001)
elunding That 1S ‘an important point. was no Congress requested the GAO (General Accounting Office) to
completely eliminated technically it still exists on the books. experiment with Technology Assessment. It has a small TA
It was just stripped of fundlr!g and SO.Of service. A mare i producing ont 1 report per year. But this attempt was
skeptical view has emerged in recent times. Politicians just shortlived, under funded, under staffed, and too narrow in

Iﬁ:ir;dsgtl?ée%qgl)?i; t%c;iggﬁgdstg(;::qfor&?t'c%?rgﬁts?glgﬁii on focus. This inadequate response continues. GAO has no TAB
. gical post : =Ing - to guide and focus referrals, no similar connection with
several issues like climate science, abortion, same sex Congress, no way to establish priostieand no targeted
”?:"'desea?;‘d ;?Irsalrr:% dchdrgrr:{eor(];:r?gn:wr;;a:%%T aroskséatlcal funding for focused analyses on particular critical topics. The
View app W S ) prov National Research Council (NRC), which is the research arm

Fhat OTA research reportls. were .biasec.zl, inaccurate or of the National Academies (NAS)(NAE) and the Institute for
imperfect. OTA fell from political partisanship, not research Medicine, more than doubled their reports to >50 per ye

malfunction. - X :
Reactions to Closing OTA: Reactions of the minority Lrormo éopp(eer dyear [;n ;hf Erst );ea.; OTEA‘ ;/]V 15 |n02p egag li’ bUti n 1

party of the time were predictable. G. Brown -(I3) ; N h
descbed it as fishameful,o th gxﬁc.“"vietbra“h MPMGATan 8¢ 189P1A0NE 816 45 12Pers Bre

d . \ a9 '
fidefense against the dumb, o Sctiehct ﬁdvis%l ém?nfttere%Dg,;‘:cppl?olr)ic?egcs;e%cge lr(‘;\cf\l/igee n E’ P :

substitute for OTA reports (a conclusion that was later proven for public policy but again it is a part of the executive branch

true in my opinion). But even the other side of the aisle had leaving the legislative branch in the weakened position it was

dissenters. HoughtorR{NY), though a part of the majority in bfefore TA. Some Think Tarél&sﬁhave objectives that sound

s a if('?h ¢ hti. S ta t) out fcd | 58 ohl ut i c: nﬁ sitnliar tét ot ; u‘[o‘mostra sidefeli far fr&n‘Fnel}tréLn g off
one of the most important arms of Congress when we cut off |, -5 0o i ihe avtreme parts of the s

. . ectrum from ljberal to
unbiased knowl edge about St &R/aqive.aA?tea On'}Ags% eno?thSBSQanersoformagg Eh\@ r

observers claimed that this event was a cade fpol i

) . . N instituteStor Technol g tr&sse sment (ITf@ h'ug there
overr! .d lng science. o0 |t wou k/v Id %eea market ?or}ji. But?itonreverla a(ttté1 %l?enta hd
systems engineering to recognize this history because thesefunding, had no direct connection to Congress, and folded
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quickly. If INCOSE and SE want to influence LL&PP. then
these several needs must still be fulfilled.

RE-ESTABLISH OTA? PLAYE RS AND
ODDS OF SUCCESS

What are the chances that a new OTAuld be
reinstituted? It would only require refunding since the
enabling legislation is still in effect. There remains
considerable documentation of the OTA. In its last year it
produced 61 reports, the most ever. Archives have been
maintained at Princetddniversity (OTA Legacy site) and the
Federation of American Scientists (FAS) that have records of
many interviews as well as the publications and reports. TA
never took off in Europe possibly due to having the
parliamentarian form of government ratherrthie balance of
powers in three branches of the U.S. TA activities exist in
Austria, Denmark, Great Britain, Sweden, the Netherlands,
and the European Union as a whole (see EPTA). But TA

never quite achieved the scale there as here. Ralph Nader has

criticized Pelosi, minority leader of the House, on his blog for
not pushing resurrection of the OTA. But this seems like
grandstanding on his part given the current stalemate in
Congress. Holt (ENJ) has also called for the restart of OTA.

It is very interestig that Hillary Clinton stated she would
reinstate the OTA during her past presidential campaign. It
will be even more interesting if she makes it one of her goals
if she runs in 2016. The aforementioned Union of Concerned
Scientists has called for OTA rethi and its campaign for this
has been backed by a significant coalition of >100 citizen,
technical, and academic groups. Other allies for INCOSE and
SE in formulating a science of laws might be the Woodrow
Wilson International Center and its report ontaesng OTA,

the Science Cheerleader Blog, and the ECAST network
(Expert & Citizen Assessment of Science and Technology).
Overall, this author concludes that the INCOSE and SE effort
to start a Science of Laws is a matter of timing and change of
context. The environment is not strong at present for such an
effort but preparations must be started now to capitalize on
changes in the current situation.

POSSIBLE LESSONS LEARNED FROM
OTA AND HISTORY

This section is the piéce de résistance of this paper. It
briefly summarizes 30 lessons or insights taken from the

said might be heard in entirely different ways. Experts
studying TA, for example, have jokingly referred to a
sarcastic twist on the medical
as the politicalo Hypobai mi ¢ al
established interests. o Pols
positions, not necessarily scientific fact.

Role of Power: Experts advising Congress and the
Administration likely have a selfmage of having the truth on
their side, andhtink the truth is powerful. The Pols who they
advi se, however, ar e t he
invested in them by their election.

Personal over Written: Science experts have lived lives
completely dedicated to doing work that resulted in written
publications. To them power and influence comes from the
written word, but study of
the personal interactions and loyalties of OTA staff with
Congressional staff that over and over again proved the most
influential. Oral andfaceto-face methods were dominant in
effecting change in LL&PP.

Objectivity Rejected: The SE expertods
value lies in objectivity, but the Pols of the LL&PP audience
have an orientation and value of subjectivity and special
interest.

Winning over Neutrality: SE experts try to achieve
neutrality to identify, discover, and develop facts; Pols gather
ifactso t o wi n. These unl i ke
communicatonSE6s & SSés try t start
try to end neutrality

Consensus [Officult: Science is based on competition,
challenge, selforrecting criticism. This is often
misinterpreted by Pols who use any dissension as evidence for
nonconsensus and lack of factual basis. It is hard to
communicate relative proportions to Recienists.

Complexity of Problems: SE and systems science experts
have to recognize that not all problems are soluble by
application of the scientific method. Often societal crisis
problems are beyond the reach of conventional science.

Pr obl ems a systenissogeescs jgrgon.i n

Variety over Truth: The search for consensus in science
leads to a reduction of variety. Other branches of government
focus decisions and so also reduce variety. But the whole goal
of Congress is to increase variety through reptesienal
government. Variety dilutefactuality.

Alternatives over Conclusions: Science often continues
experiments until it reaches a conclusion or set of facts. But
Congress wants a range of alternatives, not a single
conclusion.

H
0@
see

oneobs

OTAOGSs

ori e

[o]

above analysis and the considerable experience of the authors Unexpected Influences: Pols in general have many

of the texts on TA found in the background references

competing pressures to balance (Committee Chairs; special

section. These are ideas, problems, obstacles, potentials, andnterest groups; balance of powers of competing Branches) so

pathways that INCOSE dnSE might consider in increasing

the influence of either systems engineering or systems science consequences

on laws or in initiating a foundation for a Science of Laws.
The insights are not listed in any priority order and all may be
regarded as equal in impact. hh of these #AP
legislators and administrators who write and execute
l egislation and fiSEs o
especially systems engineers and systems scientists.
Opposite Objectives: While attempting to influence
LL&PP, SEs shuld keep in mind that everything written and
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means

experts have to be alert to a wider range of influences and
than they wusually consider. Advising
gwernment is not | ike designing

From Political to Depolitical: OTA attempted to avoid
pdiitifatiomedeven Ordin Hatch and Ted Stevens praised it
as neutral. Expert advice has to be depoliticized to succeed.

Efperts undeXHole:Hist lr y pg hbive FdlIts zwarbt
tap, not on top. o6 Purporting to
appear to be dominant. This is counterproductive in this
arena.

The Science of Laws Journal



Two Essential Sources for Application of Systenmgifeering to a 8ence of Lavs

Need for Courage: Example, Hollings (BSC) voted to
authorize and release the OTA report on Texteven though
negative for his state. He later spoke out against its findings
and recommendations; but he did not use his power to stop
the study from being done or released.

Three Branches in U.S.:Experts must be sensitive while
doing studies that thfacts they compile might be seen and
used differently by each of our three Branches of government
in fulfilling their roles of checking and balancing the power of
each other. Facts take on a different nature when viewed in
this special light of competingower centers.

Other Key Issues:Experts tend to study isolated issues. It
is very difficult to establish patterns and regularities without
controlling the study area. But Congress has to consider a
much wider range of inflences including many tradéfs,
value judgments, and public opinion.

Ideology over Science:Current studies show that most
humans actually become more tied to theirgxisting errors
when presented with facts rather than alter their original ideas.
Pols are human. Expect establist@thodoxies to compete
well with facts whether true or not.

Inform don®OT ADecedeperience
providing Pols with the maximum number of alternatives was
more successful than providing them with a conclusion.
Better to inform the debate thao resolve the debate or
recommend a specific pathway or action.

Importance of Prioritization: With so many influences
beyond the factual and always subject to very limited
resources, experts must work hard to establishvietted
priorities.

Early Warni ng Critical: Experts must help government at
all levels become much more proactive than its current state
of being chiefly reactive. But dealing with problems not yet
here is discounted by the public and so also by their
representatives.

Expose ldeology:Experts have to be more aggressive in
challenging faulty ideologies, immediately confronting faulty
rhetoric as well as combating them not only in advising Pols
but also in education and culture looking toward a generation
less hobbled by limited thinking.

Reverse AntiScience Positionsit is obvious that certain
factions today are against any method or tool that results in
unassailable facts. How to advise without a substantive
change in this climate is a significant obstacle that any
Science and the Laimitiative must overcome.

Tightly Couple to Congress:lt is an inherent paradox to
improve the strength of external advising and yet have that
advice be accepted as internal. But the OTA history indicates
that for science to have any significant effectLd&PP its
counsel has to appear indigenous.

Lessen Time DelaysMany OTA reports took so long to
produce, their effect on particular issues was lessened. At the
other end of the process, advice often was implemented soon
enough to resolve the problems. Rgrs exemplars would
increase this recognition

Interdisciplinary Teams: Many of the complex problems
faced by society are hybrids of natural and human systems
that demand the broadest range of disciplines, but science
appears to be virtually enslaved bysdaplinary boundaries
and isolated silo or stovepipe thinkinigly experience with

www.scienceoflaws.org

the current status of SE is that they are as hobbled by
stovepipe thinking and reliance on tools as the disciplines,
even though they criticize silo thinking.

External Peer Review: Pols are not accustomed to peer
review, but SEs and science are built on the necessity of peer
review. Advisors must reconcile these opposite worldviews.

Use Proven FeaturesOTA showed that it is important to
(a) do studies highly relevant and tiedCongressional needs
and concerns; (b) prove its neutrality in both experts and
methods; (c) prove evidentmsed rigor; (d) communicate in
direct, simple, clear language; and (e) employ personal
relations in addition to written reports. SE should emplo
these features.

Increase All Advisory Units: Any efforts of Science and
the Law should involve and seek complementarity with other
advising units, like the GAO, CRS, CBO, and any new OTA.

Beyond Conventional Science:Most experts from the
NAS and NAE araledicated silo scientists of the reductionist
orientation. But the crisis problems faced by society all are on
the complex systems level. Advice must go beyond the
conventional sciences represented so well in NAS and NAE.
Theshthe wewdole and anportancksystems engineering &
systems science.

Bridge Natural & Social Science: The conventional
disciplines are generally clustered into these two super
groups. But the crisis problems have major elements of both
and involve all disciplines. So the studiesah&zhave experts
who can work across these usually separate super groups. SE
and systems science potentially have that feature though not
yet unified.

Bridge Linear & Non-Linear Causation: The two super
groups, especially the natural sciences explain ar@sms
mostly with linear causation. But our crisis problems are often
complex systems based and characterized by-linear
effects. Conventional sciences need the systems sciences and
systems engineering to study these special system problems.

Medical dators serving patients in emd-life situations
often face unintended negative effects of competing
treatments. The above many insights also often compete with
each other. For example, in studying the OTA case we learned
that having referrals come onlyofn the powerful committee
chairs helped get the original OTA legislation through
Congress and promoted greater involvement of powerful
Senators and Representatives. But it later had the negative
effect of removing OTA popularity from the raakdfile
Congessmen and that helped get votes for dissolution.
Likewise satisfying one of the needs above might inflame
other needs.

PRACTICAL ADVICE TO INCOSE AND SE
RE: SCIENCE AND THE LAW

So what can be accomplished? In the near term and without
extensive resouss the Systems of Law Institute could: (1)
Initiate a longterm study group within INCOSE. These are
already a tradition as Working Groups. Procedures exist for
starting
9,000 INCOSE members, and conductiaties throughout
the year studying a particular stdipic under the umbrella of
systems engineering. They hold international Webinars,
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organize four days of Workshops once per year, sponsor

Systems Processes arfdathologies(includes Problem of

papers at a range of annual conferences, and invite outside Unintegrated Sources, Common Framework for Unifying,
speakers and experts. (2) Once established, this Systems Systems Processes Theory, Classes of Systems Pathologies

Engineering and the Law WG should meet and share work
with already welle st abl i shed I NCOSE
topics like the Systems Science WG, the Complex Systems
WG, the Natural Systems WG, etc. (3)sAction on Science
and the Law might be written and submitted to the ongoing
SE workbooks, SEBoK and courses developed for SE
curricula. (4) Science and the Law Institute needs to make
very specific alliances with key institutions with the same
objectivessuch as ECAST, Union of Concerned Scientists,
Federation of American Scientists, and the EPTA. (5) Science
and the Law Institute could offer help in any capacity needed
to the National Academy of Sciences and the National
Academy of Engineering. (6) Theci®nce and the Law
Institute needs to identify and write proposals to funding
agencies, both public and private, for support of its projects.
(7) Write and publish a range of books, reports, editorials, and
research articles to establish credentials is tt@w area and

to disseminate Science and Law ideas.

PREVIEW OF A RIGOROU S SCIENCE OF
SYSTEMS FOR SE AND LL&PP

This section was intended to be the new secret weapon in
establishing a rigorous, evidenbased science of laws. My
collaborators think of LL&P application as a significant
spinoff of our Systems Processes Theory (SPT). However,

reviewers sensibly suggested that only one of the two sources

described in the abstract could be developed within the
limitations of length and time. So this sectismow merely a
teaser. It is based on three simple observations. Laws,
legislation and public policy (LL&PP) build new systems. It

would be best then to build these systems using the very best

knowledge we have of how systems work (a science of
systems =B T) and donoét wor k (a
another spiroff of SPT). These would provide a strong
systems theory and universal patterns to guide formation and
curation of sustainable systems. But these guidelines (it is
presumption to call them eitherwa or principles) would
have to be very detailed to add value to our current practices.
At the talk, the following nine mirposters were distributed
to give an introduction to a Systems Processes Theory from
systems science and a Systems Pathology thatdwoe a
strong candidate for the above strategy. They would be the
basis not only for a stronger systems engineering, but also for
sustainability studies, a medicine of systems, and for
application to public policy formation. These posters were
once preseted at ISSS, NECSI, ICCS, NSF, and Education
conferences. Here is a summary of topics covered.

Intro to Systems Processes Theory (SPTincludes: SPT
= GST, lIdentification of Isomorphic Processes, What are
Linkage Propositions (LPs), Sample LPs, Classied Rs,
Tools to Use SPT, Applications)

Linkage Propositions (LPs) of the SPT(includes: Limits
of GST, Defining LPs, Sample LPs, Dependency of LPs, LPs
Better than Text Descriptions, LPs from Science, Outline of
134 LPs, Uses of LPs)
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based on SPT Systems Processes)

WQdusal Scamces Test $PHirclddes: Case Studies from
Natural Sciences, Tests Bpmparison, Type€lassesExtent

of Isomorphies, Listing of Discipline Case Studies, Empirical
Base for Systems Science)

SPT  Prerequisites, Discinyms, Discriminations,
Mutuality (includes: SPT Tenets, Prequisite Chains of
Processes, What is Mutualityhat are Discinyms, Discinym
Examples, Key Discriminations)

Clustering of Systems Processes in SPTincludes:
Clustering in Systems Biology, Clustering Systems Processes
by Function, by Prerequisites, by Stages of Systems Life
Cycle, by Stages of Developmte

SOS in Engineering: An NSF Report(includes: NSF
Challenge, What is SOS? Importance of SOS, Natural Science
and SOS, Science of SOS? Development Needs of SOS, SPT
and SOS, Conclusions)

BACKGROUND READINGS

Books on OTA:

Blair, P.D. (2013)Co n g r ewnsThisk T&hk: Learning
from the Legacy of the Office of Technology Assessment.
Palgrave, St. Martin Press LLC, NY. 131 pp.

Bimber, B. (1996)The Politics of Expertise in Congress: The
Rise and Fall of the Office of Technology Assessritate
Universityof New York Press. 128 pp.

Decker, M. and M. Ladikas (Eds.) (200Bjidges Between
Science, Society and Policy: Technology Assessment
Methods and Impact&pringerVerlag, Berlin, 250 pp.

Hetman, F. (1973%ociety and the Assessment of Technology:
Premies, concepts, methodology, experiments, areas of
application.Published by OECD, Paris, 421 pp.

fBelden, W s(edk(k988Science ang Teghgojogy Advice to

the President, Congress, & Judiciaf§ergamon Press, NY.
Ot her book || (801Q tStienceé ®ket Pedpke
AND (1987) Scientists in Congress.
Selected Articles on OTA:

De | a Mar e, W. , N . Gal es, M. M
scientific principles in inter
Science845: 1125.

Mar gol i s, R. M. and D. H. Guston,
Accomplishments, and Demise of the Office of Technology
Assessment, o0 in Morgan, M. Gr a
Science and Technology Advice for Congr&gashington,

D.C. RFF Press.

Bl air, P. D. (1997) AExamining Ou
Ent e r AmeiicaneSientist85(1):72.

Gi bbons, J. H. (1984) ATechnol ogy
The Bridge Nat 61 Academy of Engi nee

Adl er , Field, & Sciéncea & degtindlogy ( 200 8

Policy in Congress: An Assessment of How Congress
Seeks, Processesnd Legislates, Complex Science &
Technology Issues, The Keystone Center,
D.C., 27 pp.
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Articles on Systems Processes Theory (SPT) and Systems FAS = Federation of American ScientifiBublic-Citizen]

Pathology (SP): GAO = General Accounting Office[Congress]
Daddari o, E. Q. (1968) i Ac a d d@di= interiaionaéCourttlusaica d t he Feder al
Go v er nSupientd(162) 12491251. ICRW = International Convention for Regulation of Whaling

Troncale, L (1978), "Linkage Propositions Between Fifty = INCOSE = International Council of Systems Engineers
Principal Systems Concepts," Applied General Systems [Public-Citizen]

Research: Recent Developments and TrentsA.T.O. ITA = Institute for Technology Assessment [Public-

Conference Series Il. Systems Scien@&. J. Klir, Ed.) Citizen}

Plenum Press, N.Y., p9-52. I WC = International Whaling Co
Troncal e, L. (2006) , i T o wa r Gbsfederion & \Wizaeds) c e of Systemso

Systems Research and Behavioral Scig8pecial Issue on LL&PP = Law, Legislation and Public Policy

J.G. Miller, Founding Editor (G.A. Swanson, Ed.) 23(3): LOC = Library of Congress [Congress]

301-321. LP (LPs) = Linkage Propositions of SPT

Troncal e, L. (2011) AWoul d AMDRiMgdical bactef{Pullic-Citieeng dge Base i n
Systems Patholgg Add Signi fi cant | y NABR=Natiosal ASdlemy of Engiheering/RublieCitizen]

CSEROG611 Pr o Coaferencen gom Systems  NAS = National Academy of Sences[Public-Citizen]
Engineering Research, April 446, Redondo Beach, Ca., NASA = National Aeronautics and Space Administration
11 pp. (electronic proceedings) [Executive]

Friendshuh, L., L. Troncale. (2012830SPT I.: Identifying NIH = National Institutes of HealtfExecutive]
fundamental systems proses for a general theory of NOAA = National Oceanic and Aeronautics Administration
systems (GTS) inProceedings of the #6 Annual [Executive]
Conference, International Society for the Systems Sciences NRC = National Research Counci[Public-Citizen]
(ISSS) July 1520, San Jose State Univ. (electronic NSB= National Science Boafthoth]
proceedings: Go to http://journals.isss.org), 20 pp NSF = National Science FoundatifiExecutive]

McNamara, C. & LTroncale. (2012) SPT II: How to find and NSWG = Natural Systems Working Group of INCOSE
map linkage propositions for a GTS from the natural [Public-Citizen]

sciences literature. irProceedings of the %6 Annual OECD = Organization for Economic Cooperation and
Conference, International Society for the Systems Sciences Development
(ISSS) July 1520, San Jose State Univ. (electic OMB = Office of Management and the Budget
proceedings: Go to http://journals.isss.org) ONR = Office of Naval ReseardExecutive]
OST = Office of Science and Technolod§¥xecutive]
APPENDIX A: ACRONYMS USED IN THIS FDA = Food and Drug AdministratidiExecutive]
PAPER OSTP = Office of Science and Technology Policy
OTA = Office of Technology AssessmerCongress]
AAAS = American Association for the Advancement of I[DEfeﬁuii:ve] - Presidenvidby Comitteen c e Ad
ig&ngi?:itillé%ﬁgtﬁ:emissile Systems S&T_= Science anq Technolo@?lubli.c.- Citizen]
ASCB = American Society for Cell BiologyPublic-Citizen] SE = Systems EngineeringPublic-Citizen]

SEBoK = Systems Engineering Body of Knowledge Library
[Public-Citizen]

SP (SPs) = Systems Processes (Isomorphies of a general
theory of sygems)

CBO = Congressional Budget Offic§Congress]

CDC = Center for Disease Contf&ixecutive]

CEQ = Council on Environmental Qualitgxecutive]
RS = ional R h i

C S_ Congressiona esearc Servi¢€ongress] SPT = Systems Processes Theory

CS = case study or studies SRD = Science Research & DevelopmenfCongress

CSA = Committee for Science andistronautics (A CST, q - ! velop ICong

then CSST)[House] Sgu_s eS]ystems Science or systems sciences

[(I:D)st\lli\é(_;c&izce:r%mplex Systems Working Group of INCOSE SSWG = Systems Science Working Group of INCOSE

- . TA = Technology Assessment (or Technological)
I[?E/?(Efupt\ive] Defense Advanced Research Projects Agency TAAC = Technology Assessment gidory Council[Public-

; Citizen]
DHS = Department of Homeland SecufiBxecutive] ~
DOE = Department of Enerdfxecutive] TAB = Technology Assessment BodftbongressHouse]

ECAST = Expert & Citizen Assessment of Science and UCS = Union of Concerned ScientistiPublic-Citizen]
Technology[Public-Citizen]
EPA = Environmental Protection Agenfyxecutive]
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PROCEEDING

Requirements, Specificationsand
Design: Improving Efficacy of Lawmaking
through Requirements Management

John P. Sahlin*
Coleman University

ABSTRACT

Is a tomato a fruit or a vegetable? Should samecouples be allowed to marry or adopt? Can employers ask
for your Facebook pas®and? Should foprofit universities qualify for federal student loan and G.I. Bill
benefits? By attempting to keep laws current with advances in science, technology, and innovative business
practices, they fail in two ways:

1. Lawmakers generally lack teeientific background to understand the implications of their laws

2. The timeline to develop laws simply cannot keep pace with advances in technology, becoming obsolete

as soon as they are passed

This paper will investigate the problems caused when klvens overspecify the intent of laws. The efficacy
of lawmaking can be improved dramatically by applying the Systems Engineering best practices of
Requirements Management. In this way, laws would define the intent of the regulation and expected results,
leaving out verbiage regarding specific implementations or designs.

Keywords: Requirements, Lawmaking, Technology

INTRODUCTION serving their local constituency, the laws that result from the
democratic process sometimes fail to serve these goals
The United States of America was founded on the ideals of (Silver, 2012). As social consciowess and technology have
freedom and liberty. Each citizen has the right to live and €volved over time, so too have the laws of the nation. The
prosper These ideals are defined in the foundational lawmaking process has generally failed to support the pace of
documents that outline the goals of our government. evolution of both social consciousness and technology,
We hold these truths to be selfident, that all men resulting in laws that are overly specific and brittlhis
are created equal, that they are endowed by their Drittle structure framed by the crooked timbers of humanity
Creator with certain unalienable Rights, that among  Simply cannot keep pace with technology and social evolution
these are Life, Liberty and the pursuit of Happiness. (Berlin, 2013). Laws can become more effective by applying
(Declaration of Independence, National Archives, n.d.) Requirements Management best practices from the Systems
We the People of the United States, in Order to form a  Engineering dieipline. This paper will analyze historical
more perfect Union, establish Justice, insure domestic ~€xamples of lawmaking and propose a new model for
Tranqu”ity’ provide for the common f@&ce [SiC], Iawmaking that is less fragile and would result in more
promote the general Welfare, and secure the Blessings of €ffective lawmaking to support rapid changes in technology.
Liberty to ourselves and our Posterity, do ordain and

establish this Constitution for the United States of | EGISLATURE THROUGH

America.(Constitution of the United States of America, NEGOTIATION: A FLAWE D APPROACH
National Archives, n.d. )

If only lawmaking were this simple. Since the signing of
the Declaration of Independence and ratification of the
Constitution, lawmakers have served to draft laws to fulfill
these simple ideals while governing a country of increasing
size and complexity Because lawmakers struggle with
balancing the desire to fulfill the laudable goals of
establishinga nation offreedom with the practicalneed of

The current process for developing laws in the United
States is a flawed approach involving elected officials,
lawyers, and professional lobbyists, all competing and
negotiating on behalf of their respective stakeholders. A
simple stakeholder analig would demonstrate that these
three groups have competing needs. While the intended aim
of our elected officials is to represent their constituency in
government, they often struggle with the competing need to
© 2015 The Science of Laws Institute (www.scienceoflaws.org) please the leaders of their political pestin order to maintain

*Author to whom all correspondeacshould be addressedr(mil: the support of the party juggernaut during elections. This
jsahlin@coleman.edu). competing need often results in hyfecus on partisan issues
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of local interest rather than a true consideration of the need ratification of the Constitution by states in the agricultural
for service for the good of the country (Silye012). As South, whose economy was supported by slave labor.
supermajorities have become more prevalent in Congress, After the U.S. Civil War, Congress ragfi the 13th, 14th,
bullying tactics such as the filibuster have become and 15th Amendments, which abolished slavery and
increasingly popular to prove political points and further the established the equal rights of all citizens regardless of race or
cause for partisan issues (Jacobi & VanDam, 2013). These color; however it was not until 1920 when women received
tactics, while ot particularly productive in terms of passing the right to vote under the 19th Amendment (National
legislature, are extremely effective in securing local support Archives, nd.). It would seem that even though all men are
from an increasingly bifurcated citizenry (Silver, 2012). created equal, all citizens are not.

Lawyers have the unenviable task of providing language in
laws that meets the intent tife law but also operates within ~ MARRIAGE EQUALITY
the framework of the judicial system. Plain language
considered too broad for lawmaking is often abandoned in  The struggle for equal protection under the law did not end
favor of overly specific verbiage that leaves loopholes in the yijth these Constitutional Amendments. Segregation in the
system. In 1999, Presidential Candidate Steve d%rb  American South continued well mithe 1960s, and only in
proposed a radical change t o01947hvas tha tightotd dnarry ighafaftéBE tol aft Xitizén¥ S t e m:
the flat tax. This tax would apply to all working citizens and  regardiess of race or color. lmving v. Virginia(1967), the
be a simple percentage of income. The proposed tax code y s, Supreme Court ruled that marriages between members of
written in plain language could have been executed in a different races were protected under thé" &mendmen
handful of pagesin comparison, U.S. Title 26 of the Code of  again, the right to marry is far from an academic distinction.
Federal Regulations defines the governance structure for the oyer 179 tax provisions, employee benefits to family
U.S. Tax Code, and is presented in 20 volumes (U.S. members of federal workers (including military), coverage
Government Printing Office, 2013). under the Family Medical Leave Act, Social Security benefits,

Lobbyists represent the needs of corporate sponsors or jmmigration stats, and decisions regarding medical treatment
public aganizations. These lobbyists spend time discussing of |oved ones are among the many rights provided to U.S.
the interests of their specific stakeholder groups with citizens that are affected by the legal designation of marriage
lawmakers attempting to influence the intent and nature of (Human Rights Campaign, 2014).
laws. Because these lobbyists are paid by the industry groups = society has changed its views on the legal definition of
or sociepolitical organizéions that represent them, they vary  marriage. Recent polls indicate that a majority of citizens
in skill and power based on the amount of funding baCking Support the nght for sarrmsex Couples to marry (Saad' 2013)
each organizatioii multinational corporations can generally  pespite this majority view, organizations supporting a
afford more influential lobbyists than can grassroots political A4t r adi ti onal o definition of mar I
campaigns. between one man armhe woman lobbied U.S. Congress to

Is a tomato a fruit or aegetable? This question is more  pass thdefense of Marriage ACDOMA). DOMA officially
than just a topic for academic debate classes; it underscoresexcluded providing the same federal benefits to ssexe
the Competing needs that drive |anaking. From a scientific Coup|es married under state laws (Human R|ghts Campaign,
classification perspective, a tomato is unequivocally a fruit; it 2014). This is despite the fact that the defimitof marriage
is the product of the ripening owaof a flower. This was not under DOMA is not necessarily ¢tt
a trivial distinction to the Nix family of New York, who were  definition of marriage that many politicians claim. In many
importing tomatoes and Port of New York Tariff Collector  cyltures, polygamy is not only accepted, but it is considered a
George Hedden attempted to impose gpéfent vegetable  necessary mechanism to preserve culture, and was an
tariff on the business (Sterbenz, 2013). In 189%®% U.S. acceped practice in the Judedhristian tradition of marriage
Supreme Court ruled that a tomato is a vegetable because it (Genesis 6:3, Genesis 25:1, 1 Samuel 25:381, 2 Samuel
serves the purpose of a savory addition to a main meal rather 5:13). Both polygamy and the real target of DOMA (i.e.,

than a sweet complement in a dess¥ix ¢. Heddeh unions between homosexual couples) run counter to the
beliefs held by the extremeipfluential (and welfinanced)
EQUAL PROTECTION UND ER THE LAW Christian Coalition. Christian Coalition lobbyists spearheaded

the campaign to pass DOMA when a number of states began
Despite the Declaration of Independenca s s ur a n c e totploede mardabd benefits to sasex couples. Despite

me n are <created equal , o | a veguelr psotectiom nuaderi the éW yproviedg ey ntidt h e
process of negotiations when drafting the U.S. Constitution to Amendment, specific laws such as DOMA work to exclude
back away from this assurance. Article 1 Section 2 of the the rights of citizens to meet the political aims of certain
Constitution states that the number of Representatives of a stakeholder groups holding a minority opinion, but wielding
state shall be determined by the full count of free persons, great political and financial influence.
threefifths of the number of slaves, and completely excluded
the number Indians in a given state. Further, the Constitution
included language in Article IV to ensure that commercial
slavery wold be a legal practice (National Archives, n.d.).
These compromises were necessary in order for the
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FREE SPEECH, COPYRIGHT LAW, opportunities because dflog and social media posts have
PRIVACY, AND THE INTERNE T become more prevalent. Employers began requesting access
to applicantsdé soci al media acco

According to Article I, Section 8 of the U.S. Constitution, ~Process. — In 2012, Congress considered the Password
Congress is empowered to #prFRioiestipneActibyl @ilecpte pasgs it asq tedapgldA nembere n c e
and useful Arts, by securing for limited Times to Authors and ©Of states have passed protections of free speech specifically
Inventors the exclusive Right to their respectivetifvgis and dealing with protecting social media posts by employees and
Discoverieso (National Ar chi @ppligants; gCongress has leftinthisgebgte tp betap issyig tg bee ¢ t
right for authors and inventors, Congress passed the resolved atthe state level (Kravets, 2013; Greenberd})201
Copyright Act of 1976, which became incorporated into the ~ In addition to Freedom of Speech, the U.S. Constitution
U.S. Code of Federal regulations as Title 17 (U.S. Copyright ensures the rights of all citizens to be protected against
Office, 2014). This law gives exclusive rights to usage and Uhr easonabl e search and seizure.
distribution of original content developed by a person or Amendment guarantees that citize
organization and encourages creative thought, invention, and Persons, houses,apers, and EﬁEFtS, against unreasqnable
scientific progress. The protection under copyright laws is Se€ar ches and seizureso without &
central to many industrie;cluding arts and entertainment. cause (National Archives, n.d.). This right not to be searched

As technology to reproduce works of art, science, and Without probable cause was tested in San Diego, CA recently.
technology advanced, copyright law evolved. In less than 40 In 2009 David Riley was stoppetbr a traffic violation
years since its original passage, U.S. Copyright law has been (expired tags) and was eventually arrested for driving with a
amended nearly70 times (U.S. Copyright Offte, 2011). suspended license (Ford, Ayer, Day, & Fisher, 2014). Upon
These amendments focused mainly on clarifying copyright his arrest, officers opened his smartphone and found text
law in terms of technology advances. For example, in 1984, Messages using slang associated with gangs. Afterch mu
copyright law was amended to accommodate the video rental more thorough search at the stationhouse, police determined
industry. In the same year, copyright protection was extended that Riley was associated with a previous shooting incident
to semiconuctor design, as the personal computer industry and arrested him on weapons and gang violence charges
began to blossom and semiconductor manufacturers were (Riley v. Californig. At issue is whether it was reasonable for

struggling to preserve their intellectual property. With the rise ~ Officers to sarch his smartphone in the first place without a
of the Internet as a medium for public communication, Warrant. There were no weapons visible in the vehicle and he

copyright law became tested in yga never imagined. had not been an active suspect in a crime. Officers contended

Copyright law had been amended so many times to account it was necessary to search the phone in order to establish his
for changes in technology, that in 2010 Congress passed an identity, but his idatity had already been established using a
amendment simply to consolidate changes made to Title 17 Driver License (Ford, Ayer, Day, & Fisher, 2014).
over the previous 34 years (U.S. Copyright Office, 2011). In_ June 2014, the _U.S. Supreme Court sided with R_lley in

As Napser and other filesharing technologies rose, the  Stating that police officers needed to secure a warrant in order
entertainment industry fought to protect their rights to claim t 0 sear ch a p eRisyw&bkfornis)mize t phone
royalty payments for distribution of their work. Something Nature of the data included in a smartphone far exceeds the
had to be done to account for the easy access to sharingdetail that would normally be available by searching a .
information via the Interrte and therefore protect Internet P e€rsonds wall et and other easil)
Service Providers from liability when end users violate Presence of text messages,¢meation services, pictures, and
Copynght law. Congress passed the Online Copynght social med|a make the Smartphong an ideal tool for Ilnklng
Infringement Liability Limitation Act to ensure that the People to crimes. However searching a smartphone without
companies responsible for providing Internet access to first establishing probable cause through other means of
millions of users would not be held legally responsible for Police investigation is a violation of the rights guaranteed by
Napster users (Berschadsky, 2000). In the same vein, the the Fourth Amendnre.

Recording Industry Association of America (RIAA) was In-a move to protect the rights of its customers, both Apple
suing Napster for enabling massive violations of copyright and Google announced that the latest versions of the Apple
law. In a landmark case, thd.S. Ninth Circuit Court of iIOS and Android operating system would be encrypted by

Appeals decided that Napster was liable for the legal default. Both companies further stated that they would not
violations of its users (Blackowicz, 2001). Napster have the techni¢aability to decrypt the contents without

subsequently ceased operations. interaction by the owner. Based on this, it would be nearly
The First Amendment to the U.S. Constitution states that impossible to search a smartphone even with a warrant
Congress fAshal |l ridgiagkte freedom bfaw Wkt Bhgut t he ownerds cooperation

speech, or of the presso ( N&Nibegprsidered a stapjinthe gighedipn of protectingyj t h  t h
advent of Web 2.0 and social media as a platform for users to the  privacy ~of private citizens from government

express their right to free speech came new challenges to €ncroachment. However, law enforcement officials including

privacy. As more people began posting their private the U.S. Federal Bureau of Investlg'atlor_l Director James
information on social media sites such as Facebook, Twitter, Comey have stated concerns that this will serve to shield
Pinterest, and Instagram, the need to draw the line between terrorists, peophiles, and other violent criminals, placing

free speech and privacy became more prevalent. Since 2000,them beyond the reach of law enforcement and making these

stories of people being fired or denied employment t he fAphone[s] of choice for the
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2014). The question of privacy with regard to smartphones is
still very much and issue dfalancing free speech with the
need to protect the public.

FOR-PROFIT EDUCATION

The rise of the Internet as a communication medium has
resulted in a dramatic shift in the face of postsecondary
education. Foprofit colleges and universities have been
making significant headway in the realm of higher education.
A recentNew York Timestrticle noted that the equation was
simple: more education yields more money for employees
(Porter, 2014). Unfortunately, the data do not match the hype
promoted by the feprofit schools. Foprofit schools are
simply not effective in providing education to their students
and do not prepare students for a career in commercial
industry.

Why is any of this relevant to lawmakers? People have a
choice of educational options, éifior-profit schools should
be considered viable. The theory behindgoofit education

is that these schools are more closely aligned with the needs
of employers as they themselves represent the commercial

industry.
A significant amount of taxpayer fumdj goes to

postsecondary education in terms of Federal Student Loans

and G.I. Bill benefits to veterans. According to a U.S. Senate
investigation, of the top ten schools receiving G.l. Bill
benefits to pay for education, more than 90% of the funding
goes b for-profit schools (United States Senate, 2014). These
statistics alone shoul d

for-profit purveyors of postsecondary education, these
numbers highlight the neddr serious legislative intervention

to prevent the continued fleecing of the American taxpayer.
While students of feprofit universities account for only 13%

of all students enrolled in postsecondary education, they
represent nearly 50% of all defaults federal student loans
(United States Senate, 2014). Students of -pfofit
universities pay at least 50% more for their education, are half
as likely to graduate, and carry twice as much debt than their
colleagues attending public universities (Kenaalet 2014,
OECD, 2014).

Even while ignoring the financial issues that directly affect
the American Taxpayer, fgrofit universities are not
effective in preparing students for success in commercial
industry. Between 35 and 57% of the programs at theféour
profit universities receiving the most G.I. Bill federal funds
(67% of the togen schools receiving G.I. Bill funds) fail to

meet proposed federal standards to demonstrate that their
programs prepare students for employment (United States

Senate, 204). Congress has not officially sanctioned these
federal standards in large part because of the significant
power of lobbyists by these corporations. Despite federal
investigations and lawsuits, fgrofit education remains a
billion-dollar industry (Unitd States Senate, 2014).

The data clearly indicate that fprofit colleges and
universities are a drain on taxpayer dollars and ineffective in
producing results. The power of the industry lobby combined
with Congressional unwillingness to threaten jobstheir
districts has resulted in complete inaction to resolve this
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combined with federal statistics regarding the success rate of

problem and force feprofit colleges and universities either to
improve their programs or cease their operations. Again, the
complexity of competing needs by stakeholders allows these
corporations the legal maneuverability to survive on taxpayer
dollars while providing almost no tangible benefit to the U.S.
economy, but at great cost to the taxpayers.

REQUIREMENTS -DRIVEN LEGISLATURE:
A NEW APPROACH TOWAR D
LAWMAKING

The core problem thatrides the lack of efficiency of laws
in the cases above is that the laws were written to be specific
to a particular circumstance and did not focus on the needed
results. Laws should focus not on the specific technologies,
but on the desired results. Iriglway, laws can withstand the
test of time and need not be updated continuously to follow
the pace of technological evolution. This can be accomplished
by aligning lawmaking techniques with the Systems
Engineering discipline of Requirements Analysis.

In classic Systems Engineering best practices, the primary
difference between Requirements and the Implementation is
that Requirements are resditdven, while the
Implementation is technologgpecific. Technology changes
over time, and establishing requiremte that focus on the
technical solution will lead to an inflexible, fragile
architecture that cannot withstand technological innovation.
By setting requirements that model a specific technical
sqlution, those reqwrements revent the adoptl
ruptl\% Qe}éh?uﬂoﬁy tRat m%éts tfie" &nd Soﬁls imp Ueg
overall performance, but fails to meet technole@yemflc
requirements (Sahlin, Sarkani, and Mazzuchi, 2012).

By aligning lawmaking with Requirements Analysis,
legislators can first establish a framework fiefining the
desired endjoal, without focusing on the specific
implementations. Weldlefined requirements for systems are:

1 Necessary

1 Implementation independent

9 Clear and Concise

1 Complete

1 Consistent

1 Achievable

9 Traceable

1 Verifiable (INCOSE, 2011)
Requirenents for laws should follow the same guidelines. In
this way, lawmakers can spend time focusing on defining the
endgoal before focusing on specifics. Legislators should
follow the same process of Requirements Analysis used by
Systems Engineers to defindet desired outputs of any
system. Figure 1 below identifies the Inputs, Controls,
Enablers, Activities, and Outputs associated with the
Requirements Analysis proced¢ote that in this process, the
outputs define measures of effectiveness and performance b
do not define a specific technology solution. Requirements
focus on the outputs, not on the solution.
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the increase in deadlock is the fact that local constituencies
have become more partisan. While legislators are charged
with serving all citizens, they also have the need for re
election. In highly polarized cotigiencies, legislators feel
the need to play politics and serve the needs of the party
rather than the needs of the people (Silver, 2012). Figure 3
below identifies the increasing polarization of U.S.
Congressional Districts since 1992. This polarization
encourages legislators to put the needs of their party before
the needs of the polity, as the party machine is responsible for
funding elections. Unless legislators can find a way to engage
not only their direct customers (i.e., voters andphgy) but

aso the extended stakeholder view, this trend toward
legislative deadlock will continue.

Figure 1. Context Diagram for Requirements Analysis
Process (INCOSE, 2011)

218

. . . 1992
This process would involve the same stakeholder analysis

followed by traditional Systems Engineers, including all  |1995
affected parties of the process, including the end customer
(i.,e., the constituency requesting said law), the
implementation team (i.e., Legislative, Judicial, and |z004
Executive branches of Government), and any ropiaety that

2000

(=]

008

may be affected by the proj g , bel ow
identifies the role of the Systems Engineer at the center of the [z012 117 24 35 29

action, eliciting requirements from stakeholders, maintaining '

a working relationship with the Implementation Team to mLandsiide Dem. m Strong Dem. Lean Dem. swing

enaire the solution meets the needs, and supporting lifecycle LeanGOP.  mStrong GOP.  mLandslide G.OP

processes to execute and maintain the resultant system. When o ] o )
eliciting the requirements from stakeholders, it is critical to Figure 3. Polarization of U.S. Congressional Districts (Silver,
understand the semantic nature of the requirements. By 2012)

focusing first onthe semantic nature of the requirement, the
Systems Engineer can identify the root need of the system
(i.e., the Mission). Once establishing the Mission, the Systems
Engineer can derive Task and Activity requirements that flow
from the main goal, estabfi;g a flexible and extensive
baseline to meet current needs and support advances in
technology (Zhang, Liu, Wang, & Chen, 2012).

This process of stakeholder involvement is recognized not

only in Systems Engineering best giees but also in studies

of improving the legislative process. Researchers from

Princeton University conducted an evaluation of legislative

actions involving the collective bargaining involved in the

development of laws. The research team found thatvimgl

the minority party during negotiations to establish a reseurce

based collective bargaining (i.e., Competitive Partisanship)
was far more effective in reducing legislative gridlock than

e m focusing merely on procedural and partisan grounds
(Krehbiel, Mieowitz, & Wiseman, 2014). This theory of

Competitive Partisanship is effectively the same process as

<& Interacts
Customer

Provides Elicits

Noeds Needs S; . .. . .
yen ) requirements elicitation by the Systems Engineers of affected
oppors T2 P / 8 < :3 stakeholders.
{ X e L] Ln After establishing the desired egdal with the affected
(\_, in yf\ . . .
o ww fﬁ, el stakeholder community the Legislators (i.e., Systems
L9 1n Engineers) must continue to participate with the remainder of
e seieaog bowe o the Implementation Team (i.e., Judicial and Executive
TG achieve the objectives of the whole branches) to realize the vision of the «awhl. This

implementation must be executed in a manner consgigiiém
Fi . ) . the desired endoal, but also must exist with the context and
igure 2. Engineer balances Requirements and Solution A
(INCOSE, 2011) framewo_r_k of t he sy_stemos over al
' body of law, ability to execute, enforceability, etc.). Just as a

It is important to consider not only the needs of theat system must be feasible form a cost/schedule/technical
icustomersod of this process,perpagtive, lawssmusttalse becfgasihleoaneé reglistio o y o ur
customers to ensure a thorough investigation of stakeholder e€xecute, enforce, and maintain. By involving the Judicial and
needs (Wood, Sakrani, Mazzuchi, & Eveleigh, 2013). Executive branches in the Legislative Requirements Analysis
Legislative deadlock has been an increasingly common issue process, legislators can avoid delivering a system that is not
in politics over thepast 20 years. At least one reason driving likely to coexist within the overall system (ie., an
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