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THE SCIENCE &TECHNOLOGY ECO-SYSTEM:
PRESSURES FROM KINDERGARTEN TO GLOBALIZATION

Abstract:

The National Academies’ 2007 report “Rising Above the Gathering Storm”: Energizing and
Employing America for a Brighter Economic Future,” was a response to a bipartisan request by
Congress. It proposes a coordinated set of policy actions consisting of four recommendations and
twenty specific actions to “enhance the science and technology (S&T) enterprise so that the
United States can successfully compete, prosper, and be secure in the global community of the
21% century.” Early chapters of the report describe the authors’ perceptions of the structure and
behavior of the S&T eco-system that led to the report’s recommended set of policy actions. The
S&T eco-system structure in the report includes global forces that affect U.S. employment; U.S.
K-12 education, higher education, corporate research, and federal funding for physical sciences
and engineering research; U.S. reactions to 9/11 including visa policies, export controls, and
sensitive but unclassified information; as well as underlying U.S. attitudes that influence the
behavior of these structures. This report has become the nucleation point for the broad debate on
the future of US prosperity and its international policy ramifications. Formal simulation of the
logic within the report can test the validity and efficacy of proposed measures. This paper
utilizes the report to illustrate a method for assessing 1) the reality of the hypothesized problem,
2) proposed solutions, and 3) the most promising areas of future discourse.

The conceptual model described herein attempts to simulate general tendency behaviors and
is not intended to capture the complete science and technology ecosystem. Instead it is the
authors’ intent to describe the learning opportunity by first modeling the relevant “whole”
system with a very broad brush, and then co-develop with other industry, academic, and
government stakeholders, a causal structure which captures the relevant system in more detail.
Such a multi-stakeholder co-development modeling process can evolve into an expanded
strategic conversation to identify the social and cultural self-imposed constraints that contribute
to the declining S&T enterprise. The focus of this discussion is on the report’s stated system of
engineering education and its role in workforce development and training. Engineering education
is herein viewed as a complex system of parts that are hierarchical and interdependent. These
include formal educational institutions (e.g. K-12, community college, and post-secondary
institutions), as well as vehicles through which informal education is accomplished. As would be
the case for any optimized solution space, each component has a role to play. A discussion of
these various roles and possible future strategies follows. It is our belief that if collaborate and
co-develop a common paradigm and collective observations, we can better coordinate policy
action decisions, including the allocation of intellectual and critical resources toward a common
national strategy.

Introduction
We read in the preface to the National Academy of Sciences, et. al.’s report, “Rising Above The
Gathering Storm™" (hereafter referred to as the “Report.”):

“The prosperity the United States enjoys today is due in no small part to investments the nation
has made in research and development at universities, corporations, and national laboratories



over the last 50 years. Recently, however, corporate, government, and national scientific and
technical leaders have expressed concern that pressures on the science and technology
enterprise could seriously erode this past success and jeopardize future US prosperity.
Reflecting this trend is the movement overseas not only of manufacturing jobs but also of jobs in
administration, finance, engineering, and research.

“...we present ... 4 recommendations and 20 specific actions to implement them. The committee
members deeply believe in the fundamental linkage of all the recommendations and their
integrity as a coordinated set of policy actions. To emphasize one or neglect another, the
members decided, would substantially weaken what should be viewed as a coherent set of high-
priority actions to create jobs and enhance the nation’s energy supply in an era of globalization”
Here we see a problem statement, and a “coordinated set of policy actions” proposed as a
solution. The process the report committee used for arriving at these solutions is clear from the
major section titles in Chapter 4 (entitled “Method”) of the report:

4) Method
- Review of Literature and Past Committee Recommendations
- Focus Groups
- Committee Discussion and Analysis

This method, including the many supporting position papers that the Academies’ committee
solicited from many experts, is a highly qualitative process, and appropriately so, given the
uncertainties in this large and complex social system.

However, as a Large Scale Systems Integrator (LSSI), Boeing believes that the method can
benefit from further analysis to better understand the potential effects of such a set of policy
actions. We propose using the feedback loop perspective of system dynamics” to better
understand both the development over decades of the Gathering Storm problem and potential
effects over time of the proposed policies. The feedback perspective is “the realization that tough
dynamic problems arise in situations with lots of pressures and perceptions that interact to form
loops of circular causality rather than simple one-way causal chains™.Indeed, the feedback
perspective of System Dynamics has already been used to address policy issues related to the
Gathering Storm.*” As a LSS, Boeing has used this approach, in concert with other approaches,
to address broad social systems involving many stakeholders from multiple U.S. government and
multi-national business organizations®, as well as stakeholders from multiple internal Boeing
organizations around the world.” Although taking a feedback perspective on the policies can
improve them, we do not believe that the USA should wait to begin implementing the Report’s
proposed policies. Rather this analysis should be seen as part of the “continuing evaluation and
refinement” activity recommended by the Report (page 111).

Boeing applies the feedback perspective of System Dynamics, with its origins in controls
engineering, to better understand and improve the performance of the social systems involved in
the execution of large projects. System Dynamics is both “a perspective and set of conceptual
tools that enable us to understand the structure and dynamics of complex systems,” and “a
rigorous modeling method that enables us to build formal computer simulations of complex



systems and use them to design more effective policies and organizations.”® In this paper we
show how the System Dynamics’ five-step modeling process (Problem Articulation, Formulation
of Dynamic Hypothesis, Formulation of a Simulation Model, Testing, and Policy Design and
Evaluation)' could be used to test the policy actions proposed by the National Academies to
address the Gathering Storm problem. The purpose of such testing is to avoid “policy resistance,
the tendency for interventions to be delayed, diluted, or defeated by the response of the system to
the intervention itself.”

This paper is a first step in advocating this process, bounding this “ecosystem,” and providing a
start on using a collaborative feedback perspective to evaluate the proposed policies. The work
should be carried much further, in collaboration among industry, academia, and government.
Boeing has a method that we call the Focused Strategic Conversation which could support such
collaboration.” However; this paper will not address the Focused Strategic Conversation to any
great extent, but will instead begin a feedback dynamics analysis of the USA’s potential
prosperity-security problem as it relates to the USA’s science and technology enterprise (STE).
This approach also acknowledges, indeed seeks out, valid contrarian views'” '' but most writers
seem to agree that the problems are real and will threaten the economic position of the US. In
this context, the Gathering Storm report serves as a common nucleation point. The authors’
intent is to illustrate a collaborative feedback approach that will help us avoid “policy resistance”
and will attract a broad spectrum of industry, academia, and government so that together, we can
continue this work, either in a collaborative format using the Focused Strategic Conversation or
other approaches. Furthermore, this approach supports the view that: until a model is quantified
(and compared to data), it remains conjecture.

Our research objectives include:

1. The development of a multi-stakeholder model describing the S&T Education process
which includes organizational, cultural, business and national policy constraints and their
intended and unintended consequence.

2. Develop a holistic “Ecosystem “ approach that can be leveraged to model the declining
S&T workforces demographic trends

3. Model the domestic and international market forces and understand how these forces are
reshaping the nature of S&T Education, collaboration and learning.

4. Develop cause-effect linkages detailing the interdependency between independent
societies and model these new societies and economies.

5. Develop policy and measurable actions that will convergence and change in the way we
educate our future global engineering workforce.

Feedback Dynamics

Problem Articulation: Problem articulation is the first step in the feedback dynamics alpproalch.1
A critical component of problem articulation is defining the problem in terms of its historical
development over time, as well as feared and preferred futures over time.'? Such historical and
future developments over time can be seen in the first “Gathering Storm” quote above, and are
roughly sketched in Figure 1. Note in the Figure the lags in the response of prosperity to science
and technology enterprise, both historically (the leftmost lag in Figure 1) and in the future (the



rightmost lag in Figure 1). The middle lag is the response of science and technology enterprise
to policies presumed to be implemented at the present time (denoted as “Now” in the figure).

Formulation of Dynamic Hypothesis: The feedback dynamics approach then requires
development of a sketch of a plausible and relevant feedback loop structure hypothesized to
create the behavior-over-time shown in Figure 1. A sketch of one possible such “dynamic
hypothesis,”1 based on the Gathering Storm report, is shown in Figure 2. For the purposes here,
this sketch is highly idealized, focusing on loops rather than details. More details are shown in
the Appendix.

In Figure 2, first observe loop R1 (standing for Reinforcing Loop 1) in which the USA’s
Scientific and Engineering Enterprise and the USA’s Prosperity (respectfully represented by “SE
Enterprise” and “Prosperity,”) are locked in a mutually reinforcing relationship. It is mutually
reinforcing because more (less) SE Enterprise causes more (less) Prosperity causes more (less)
SE Enterprise, etc., ad infinitum, creating exponential growth or decay in both. The “S” on each
arrow signifies the polarity of the causal relationship represented by the arrow; the variable at the
arrowhead moves in the same direction as the variable at the tail of the arrow. Note the delays; it
takes time for an increase (decrease) in SE Enterprise to cause an increase (decrease) in
Prosperity, and vice versa. In a dynamic thought experiment beginning, say in the 1940s or
1950s, imagine the exponential growth that has occurred since, hypothesized here to be a
function of the action of this feedback loop.

The concern expressed in the Report is that “pressures on the science and technology enterprise
could seriously erode this past success and jeopardize future US prosperity.” Four of the many
pressures expressed in the report are shown in Table 1, along with a description of how they are
represented in the feedback hypothesis sketch in Figure 2.

Thought experiments reveal a range of dynamic hypotheses for how the behaviors-over-time in
Figure 1 could develop from these pressures. As described earlier, first imagine exponential
growth in the USA’s Prosperity and SE Enterprise as they influence one another in reinforcing
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Figure 1: Development of the problem over time, derived from the first quote in this paper, showing the
feared future, as well as a desired future in response to proposed policies. Note the lags.
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Figure 2 Feedback loop structure hypothesized to create the behaviors-over-time in Figure 1
feedback loop R1 shown in Figure 2. One extreme thought experiment surmises that a

sufficiently large decrease over time in the prosperity fraction budgeted for SE enterprise could
create the turndown shown in Figure 1. However, given the widespread evidence that the number



of engineers and scientists graduating from the USA educational system has also significantly
decreased over time, it is likely that both of these trends are responsible for the turndown in
Figure 1.

Pressures Expressed in the Report Representation in Figure 2
1) “Educational Challenges:...K—12 student engineers and scientists graduating from the USA
preparation in science and mathematics, limited educational system

undergraduate interest in science and engineering
majors, significant student attrition among science
and engineering undergraduate and graduate
students, and science and engineering education that
in some instances inadequately prepares students to
work outside universities,” (p. 94)

2) “Restraints on Public Funding” (p. 89) prosperity fraction budgeted for SE enterprise

3) “Other Nations Are Following Our Lead — And Loop R2 as initially primed by US investment
Catching Up” (p. 72) overseas

4) "International Competition For Talent”’ The attractiveness of USA to foreign born

(p- 78) engineers, scientists and students as influenced by

both the relative sizes of SE Enterprise and Non
USA SE Enterprise, and incentives for foreign
born engineers and scientists to work in USA.

Table 1 Representations in the dynamic hypothesis in Figure 2, of some of the concerns expressed in the
Report.

But the turndown due to these two pressures is probably not as bad as it could have been,
because the USA has been able to take advantage of international science and engineering talent
to fill the shortfall left by its shortage of domestically educated scientists and engineers.
However, over time, as US investment overseas in low-cost manufacturing enabled the
development of other countries’ prosperity, these other countries became able and began to build
their own Science and Engineering Enterprises (pressure 3 in Table 1). Eventually, competition
for foreign-born science and engineering talent ensues (pressure 4 in Table 1), reducing the
foreign-born talent available to fill the USA’s talent shortfall.

Formulation and Testing of a Simulation Model: The next step in the feedback dynamics
process' is to test the dynamic hypothesis by formulating and testing a computer simulation
model to see if the dynamic hypothesis can reproduce the development of the problem over time
as shown in Figure 1. However, if it does reproduce development of the problem behavior, this is
not proof that the dynamic hypothesis is correct, but simply evidence that we can have more
confidence in the hypothesis as a possible explanation. We have built and tested a simulation
model of our dynamic hypothesis and its behavior is shown in Figure 3. A caution is that the
simulation model is not yet calibrated to real data, so the y-axis values are suspect for now. What
is important is that the dynamic hypothesis can reproduce the general tendencies of an initial
exponential growth, a turndown, and the feared future shown in Figure 1. It also shows growth
in Non USA SE Enterprise and Non USA Prosperity as described in our dynamic hypothesis.
That the model reproduces these tendencies when simulated gives us more confidence in our
dynamic hypothesis than we would have had in the absence of having tested the hypothesis in
such a simulation.
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Figure 3 Replication, via simulation, of History and Feared future of Figure 1

Policy Evaluation: Figure 1 also shows a desired future, the result of implementation of policies
to improve the situation, such as the policies proposed in the Report. We have tested three
policies in the model in turn, and their test results are shown in Figure 4:

1) Increasing the engineers and scientists graduating from the USA educational system from
2010 to 2020 (called “EdctnPolicy” in Figure 4)

2) 1) plus an immigration policy to increase the attractiveness of USA to foreign born
engineers, scientists and students from 2010 to 2020 (called “Edctn&ImmgrtnPolicy” in
Figure 4). Note the almost ten year reduction in the upturn delay in Prosperity for this policy
as compared to the first policy.

3) 1) & 2) plus a policy to permanently increase the prosperity fraction budgeted for SE
enterprise (called “Edctn&Immgrtn&R&DInvstmntPolicy” in Figure 4)

Finally, Figure 5 shows that the simulation produces a complete replication of the historical and
future trends from Figure 1, using the third policy above.

More Detailed Dynamic Hypothesis: Now that simulations have shown that it is possible for
the dynamic hypothesis to reproduce the reference mode we now can confidently sketch a more
complete dynamic hypothesis, such as that shown in Figure 6. Some variables in the sketch in
Figure 6 can be thought of as being attributes of Prosperity (e.g. income from jobs, industry
profits, etc.) and Science and Engineering Enterprise (e.g. industry scientists, working engineers,
academic and national lab scientists, etc.). The sketch also contains industry, academia and



education, and government elements. Note that Figure 6 begins the process of incorporating into
feedback loops (“endogenizing”) two of the underlined parameters in Figure 2, “engineers and

Effects of Policies on Prosperity
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Figure 5: Replication, via simulation, of History and Desired future from Figure 1

Scientists graduating from the USA educational system” and “prosperity fraction budgeted for
SE enterprise.” Group thinking on whether and how to endogenize such parameters requires the
group to ask what causes the parameters to change in the real world. This is an important part of
expanding the boundary of a dynamic hypothesis that creates conversations that improve
understanding and collaboration among stakeholder groups.



Caveats

Some people may read this paper as recommending that we boost S&E graduation rates, boost
immigration of S&E graduates from other countries, and increase investment in S&E. The
authors are not recommending these actions, but are simply using them as an illustration of how
feedback simulation models can be used to test hypotheses and to help us think more explicitly
and clearly about the implications of such policies. Before any recommendations can be made
there are yet numerous other dynamic hypotheses, feedback loops and other structural details that
should be tested and reconciled; parameterization, verification and calibration to available
numerical data; and policies to consider. The model needs to test a greatly enlarged policy space,
and touch points to the real world, such that it can be both tested to build confidence in its
hypotheses, and will be seen as useful by specific relevant actors in academia, industry and
government. The model should highlight the relevant political and societal considerations and
feedbacks and policies that can weaken or strengthen them. We shouldn’t expect “answers” from
the model, but rather that our thinking about how to address the “Gathering Storm” problem
should improve as a result of developing and exercising the model. In the end, the “answers,” our
policy choices, come from our thinking; the modeling process is simply a thinking aid requiring
formalized confidence assessment and self-consistency.

Conclusion

The Gathering Storm problem is perceived as a developing “tragedy of the commons”'*
problem, one that cannot be solved by any individual company, industry, or sector (whether
public, private, academic or governmental) in the U.S. economy. Indeed, all tough (i.e.
important) policy problems have multiple stakeholders who all have different value
systems/perspectives. We argue that only when a simple, compelling simulation model includes
the relevant parties to where they can "see" the impact of their decisions on the rest of the
system, and then see the counterintuitive feedback consequence on them, does the door finally
open for productive dialogue and true "system solution" exploitations.

As a Large Scale Systems Integrator, we at Boeing have developed such feedback models in a
collaborative group process to cooperatively design strategic business policies, to improve
internal organizations, and to create synergies of action among autonomous enterprises.g’ ’ We
offer, to U.S. industry, academia and government, our expertise in facilitating a similar cross-
sector collaboration to address the Gathering Storm problem. The process described within this
paper uses an illustrative example based on the Gathering Storm report to propose an integrated
stakeholder approach to modeling the S&T Educational “ecosystem.” It is the author’s intent to
leverage a system dynamic process that can model the S&T system and develop multi
stakeholder simulation which integrates the spectrum of stakeholder perspectives and constraints.
This holistic approach will help us determine the forces that govern change and better understand
the cause and effects of relational complexity between organizational culture, group performance
and globalization pressures. A central tenet of our research is the belief that productive
conceptual collisions across disciplinary and cultural boundaries will yield robust and tested
theories on the efficiency of our educational system and national policies. In this paper we have
shown how a simple feedback perspective can enable simulation and testing of policies proposed



to address the Gathering Storm problem. Future work will expand this model to include
contrarian viewpoint and build a shared representation of the S&T ecosystem.
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Appendix: [GB: minor hang-up on my part, but make “from US prosperity growth” in to “US
prosperity spillover’’ and edit in code listing below?

overseas S fraction of USA

investment switch™ & non USA prosperity growth 45—— prosperity duplicated
S from USA prosperity growth outside USA

delay time constant for
prosperity response to se non USA delay time constant L
enterprise prosperity fraction for prosperity response to se S Ig)ur:igestgl tfrjfg(l)gn

budgeted for SE enterprise

\4(3 enterprise Non USA enterprise
S yearly cost per Prosperity
initial prosperity Prosperity \E ¢ g engineer or scientist o S S
S
S SE enterprise non USA prosperity non USA se enterprise
budget available from local investment budget available
S\‘ 0 /(S S
indicated - budgeted se  non USA initial @ S
prosperity enterprise prosperity non USA indicated
S S S se enterprise
available s o 0
dv‘ulable. se non USA indicated
prosperity per se enterprise prosperity

enterprise S S
S SE _ STs Non USA non USA yearly cost per
/"Enterprlse S engineer or scientist

initial se enterprise
/‘ Y

delay time constant for se
enterprise response to
prosperity

non USA prosperity | Enterprise

available fraction of )
per se enterprise

engineers and scientists

T B1
fraction of foreign born engineers O

scientists and students choosing

to work in USA
Gt

S

non USA initial se
enterprise

non USA delay time constant
for se enterprise response to
prosperity

fraction of engineers and
scientists graduating from the

USA educational system S

attractiveness of USA to O incentives for foreign born
foreign born engineers engineers and scientists to
scientists and students work in USA

first step height ~ first step time

§ T e

L prosperity fraction
initial fraction invested __ "y 4o ted for SE ~e——— ramp start time
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Figure 7 Full model sketch cartooned in Figure 2, and simulations of which produced the behaviors
in Figures 3, 4, and 5.

Equations for model in Figure 7:

on attractiveness of USA to foreign born engineers scientists and students= WITH LOOKUP (Non
USA SE Enterprise / SE Enterprise, ([(0,0)- (0.2,1)], (0,1), (0.015,0.95), (0.03,0.8), (0.05,0.6),
(0.07,0.45), (0.1,0.3), (0.15,0.22), (0.2,0.2) )) Units: fraction
This is a nonlinear function that, when graphed, appears as follows:
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02) available fraction of engineers and scientists=MIN ( 1 , fraction of engineers and scientists
graduating from the USA educational system + fraction of foreign born engineers scientists and
students choosing to work in USA) Units: fraction
(03) available se enterprise=budgeted se enterprise * available fraction of engineers and scientists

Units: person
04) budgeted se enterprise=SE enterprise budget available / yearly cost per engineer or scientist
Units: person

(05) delay time constant for prosperity response to se enterprise=8 Units: Year
(06) delay time constant for se enterprise response to prosperity=8 Units: Year
07 FINAL TIME = 2050 Units: Year
The final time for the simulation.
(08) first step height=0 Units: fraction
09) first step time=1951 Units: Year
(10) fraction of engineers and scientists graduating from the USA educational system
= WITH LOOKUP (Time / time in one year, ([(1950,0)-(2050,1)], (1950,1), (1970,1), (1990,0.3),
(2050,0.3) )) Units: fraction

This is a nonlinear function that, when graphed, appears as follows:
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an fraction of foreign born engineers scientists and students choosing to work in US A=attractiveness
of USA to foreign born engineers scientists and students *
incentives for foreign born engineers and scientists to work in USA
Units: fraction
(12) fraction of USA prosperity duplicated outside USA= WITH LOOKUP (Time / time in one
year,([(1950,0)-(2050,0.2)],(1950,0.01),(2010,0.15),(2050,0.15) ))
Units: fraction
This is a nonlinear function that, when graphed, appears as follows:

0.2 | |
(2010, 0.15) R

fraction of USA prosperity
duplicated outside USA
(fraction)

1950 2050
year

(13) incentives for foreign born engineers and scientists to work in USA= WITH LOOKUP(Time /
time in one year,([(1950,0)-(2050,10)], (1950,1), (2009,1), (2010,1), (2020,1), (2021,1), (2050,1)

)) Units: fraction
This is a nonlinear function that, when graphed, appears as follows:
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(14) indicated prosperity=SE Enterprise * prosperity per se enterprise Units: $ / Year
(15) initial fraction invested in SE enterprise=0.01 Units: fraction
(16) initial prosperity=3e+011 Units: $/Year
17) initial se enterprise= INITTAL(initial prosperity * initial fraction invested in SE enterprise / yearly
cost per engineer or scientist) Units: person
(18) INITIAL TIME = 1950 Units: Year

The initial time for the simulation.
19) non USA delay time constant for prosperity response to se enterprise=8



Units: Year

20) non USA delay time constant for se enterprise response to prosperity=8
Units: Year

2n non USA fraction budgeted for SE enterprise= WITH LOOKUP (Time/time in one

year,([(1950,0)-(2050,0.04)],(1950,0),(2020,0.02),(2050,0.02) ))
Units: fraction

This is a nonlinear function that, when graphed, appears as follows:
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(22) non USA indicated prosperity=Non USA SE Enterprise * non USA prosperity per se enterprise
Units: $ / Year

(23) non USA indicated se enterprise=non USA se enterprise budget available / non USA yearly cost

per engineer or scientist Units: person
(24) non USA initial prosperity=0 Units: $/Year
(25) non USA initial se enterprise=0 Units: person
(26) Non USA Prosperity= non USA prosperity growth from USA prosperity growth + non USA
prosperity from local investment Units: $ / Year

27 non USA prosperity from local investment=SMOOTH3I( non USA indicated prosperity , non
USA delay time constant for prosperity response to se enterprise, non USA initial prosperity)
Units: $ / Year
(28) non USA prosperity growth from USA prosperity growth=Prosperity * fraction of USA prosperity
duplicated outside USA * overseas investment switch Units: $ / Year
(29) non USA prosperity per se enterprise= WITH LOOKUP (Time / time in one year,
([(1950,0)-(2050,2e+007)],(1950,0),(2020,1e+007),(2050,1e+007) ))
Units: $ / ( person * Year )

This is a nonlinear function that, when graphed, appears as follows:
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(30) Non USA SE Enterprise=SMOOTH3I ( non USA indicated se enterprise , non USA delay time
constant for se enterprise response to prosperity , non USA initial se enterprise )
Units: person
3D non USA se enterprise budget available=Non USA Prosperity * non USA fraction budgeted for
SE enterprise Units: $/Year
(32) non USA yearly cost per engineer or scientist=100000
Units: $ / ( Year * person )
(33) overseas investment switch=0 Units: dmnl
(34) Prosperity=SMOOTH3I( indicated prosperity , delay time constant for prosperity response to se
enterprise, initial prosperity) Units: $ / Year
(35) prosperity fraction budgeted for SE enterprise=initial fraction invested in SE enterprise + STEP (
first step height , first step time ) + RAMP ( ramp slope , ramp start time , ramp stop time ) +
RAMP ( second ramp slope , second ramp start time , second ramp stop time )
Units: fraction
(36) prosperity per se enterprise= INITIAL(yearly cost per engineer or scientist / prosperity fraction
budgeted for SE enterprise) Units: $ / ( person * Year )
37 ramp slope=0 Units: fraction / Year
(38) ramp start time=1970 Units: Year
(39) ramp stop time=2010 Units: Year
(40) SAVEPER = TIME STEP Units: Year
The frequency with which output is stored.
41) SE Enterprise=SMOOTH3I ( available se enterprise , delay time constant for se enterprise
response to prosperity, initial se enterprise) Units: person
(42) SE enterprise budget available=Prosperity * prosperity fraction budgeted for SE enterprise
Units: $/Year
(43) second ramp slope=0 Units: fraction/Year
44) second ramp start time=2010 Units: Year
45) second ramp stop time=2015 Units: Year
46) time in one year=1 Units: Year
“@n TIME STEP = 0.0625 Units: Year
The time step for the simulation.
(48) yearly cost per engineer or scientist=100000 Units: $ / ( Year * person )
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