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ABSTRACT
The U.S. Department of Defense (DoD) must acquire capabilities to address ever more rapidly evolving threats and technologies. 
Such a situation is not new to the commercial sector, which constantly faces and creates changing and uncertain markets. This paper 
outlines basic strategic principles and perspectives that have helped major corporations think through strategic uncertainties, change, 
requirements, and development options. This framework can shed light on the issues and tradeoffs behind strategic DoD concerns—
including portfolio requirements and tradeoffs, affordability, upgrade versus replace, optimize, and invention/innovation transition 
(“Valley of Death”)—driving decision-makers to ask fundamental questions about strategic thrusts and efforts, and lay out and select 
from options that can lead to better operational outcomes.

MANAGING NEEDS, ENCOUNTERING UNCERTAINTY

Engineering often involves designing solutions to meet market needs, or perhaps military missions or societal sector needs such as 
water, power, and transportation. These needs often extend and evolve far into the future, resulting in uncertainty on how best to 
address these needs. New technologies may be required, and their likely performance and cost may be uncertain.  Budgets may be 
insufficient to achieve the solutions needed. Competitors or adversaries may be creating competing solutions that are similar  
or superior.

Organizations would like to have the flexibility and agility to address the uncertainty of both needs and technologies that results 
from challenges related to performance, organizational experience, supply chains, etc. This perspective paper outlines and illustrates 
new ways of thinking and allocating resources that organizations can adopt to address these challenges.

SURPRISES HAPPEN

To illustrate ways in which companies address uncertainties, following are two experiences at General Motors (GM).  Both experiences 
involve GM being surprised by Ford. The first experience led to a major failure and the second to a substantial success (Hanawalt & 
Rouse, 2010).  

GM Misses the Ford Taurus Market

In 1981, GM began planning for a complete refresh of its intermediate size vehicles:  the front-wheel drive A-Cars and the older rear-
wheel drive G-cars.  The GM10 program would yield vehicles badged as Chevrolets, Pontiacs, Oldsmobiles, and Buicks.  This program 
was to be the biggest research and development (R&D) program in automotive history and with a $5 billion dollar budget, the most 
ambitious new car program in GM’s history. 

The introduction of the Ford Taurus in 1985 was a huge market and business success, and a complete surprise to GM.  It was one 
of the first projects in the U.S. to fully utilize cross-functional teams and concurrent engineering practices. The Ford Taurus and the 
process used to develop it were designed and engineered at the same time, ensuring higher quality and more efficient production. 
The revolutionary design of the Taurus coupled with its outstanding quality, created a new trend in the U.S. automobile industry, and 
customers loved the car.    

The Taurus forced GM to redesign the exterior sheet metal of the GM10 because senior executives thought the vehicles would look 
too similar.  Many additional running changes were incorporated into the GM10 design in an attempt to increase customer appeal.  
The first GM10 vehicles reached the market in 1988, approximately $2 billion over budget and two years behind schedule.  

The first GM10 entries were coupes, a GM tradition for the first year of any new platform.  However, two-door midsize family cars were 
useless to the largest group of customers in this segment: members of the Baby Boomer generation well into their child rearing years 
and needing four doors for their children.  GM missed the target segment of the market, and from 1985 to 1995, GM’s share of new 
midsize cars tumbled from 51% to 36%.

Lesson: Be prepared to adapt to evolving markets and threats (requirements).
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GM Misses the Luxury SUV Market

The Lincoln Navigator is a full-size luxury SUV marketed and sold by the Lincoln brand of Ford Motor Company since 1998. Sold 
primarily in North America, the Navigator is the Lincoln counterpart of the Ford Expedition. While not the longest vehicle ever sold 
by Lincoln, it is the heaviest production model the brand ever built. It is also the Lincoln with the greatest cargo capacity and the 
first non-limousine Lincoln to offer seating for more than six people.  

GM was completely surprised by the Navigator, having not imagined that customers would want luxurious large SUVs.  GM 
responded with the Cadillac Escalade in 1999 to compete with the Navigator and other upscale SUVs.  The Escalade went into 
production only ten months after it was approved, and the 1999 Escalade was nearly identical to the 1999 GMC Yukon Denali, except 
for the Cadillac badge and leather upholstery. The Escalade was redesigned for the 2002 model year to align its appearance and 
features more with Cadillac’s image.

Escalade has outsold Navigator every year since 2002.  In 2019, 35,244 Escalades were sold, while 18,656 Navigators were sold. GM 
had clearly adapted to the surprise of the Navigator.  The company learned from the GM10 debacle.

Lesson: Surprises happen.  Be prepared. 

FRAMEWORK FOR MANAGING UNCERTAINTIES

Failures in managing uncertainties can often be attributed to company decisions, market trends, economic situations, as well as 
market or mission requirements and the technologies and abilities needed to meet these requirements.  This perspective piece 
presents and illustrates a framework for managing uncertainties.  The full report of this research can be found in (Rouse & Verma, 
2022).

Consider a couple of extremes. 

•  Certain need. You are absolutely sure 
a function will be required and you are 
absolutely sure of how to deliver it. You 
should invest to create a solution to meet 
this need, assuming you are confident 
the necessary human and financial 
resources are available. 

•  Certain no need. At the other extreme, 
you are absolutely sure a function 
will not be required. Regardless of 
your ability to deliver this function, 
you should not invest in creating this 
solution. Between these two extremes, 
there are strategies an entity might 
adopt.  The choice depends on an 
enterprise’s ability to predict its future, as 
well as its anticipated ability to respond 
to this future.

Figure 1 shows four basic strategies that 
decision makers can adopt to address 
alternative futures: optimize, adapt, 
hedge, and accept.

Figure 1. Strategic Decision-Making Framework (Pennock & Rouse, 2016)
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1.  Optimize, if measurable and traceable. If the phenomena of interest are highly predictable, then there is little chance that the 
enterprise will be pushed into unanticipated territory. Consequently, it is in the best interest of the enterprise to optimize its 
products and services to be as efficient as possible.

2.  Else adapt, if you are faster than market. If the phenomena of interest are not highly predictable, but products and services 
can be appropriately adapted when necessary, it may be in the best interest for the enterprise to design agile capacities that can 
adapt to changing demands.

For this approach to work, the enterprise must be able to identify and respond to potential issues at a rate faster than the ecosystem 
changes. For example, consider unexpected increased customer demands that tax capacities beyond designed limits.  Design and 
building of new or expanded facilities can take considerable time.  On the other hand, reconfiguration of agile capacities should be 
much faster.   

3.  Else hedge, if multiple futures are imaginable. If the phenomena of interest are not very predictable and the enterprise has a 
limited ability to adapt and respond, it may be in the best interest of the enterprise to hedge its position to explore scenarios 
where the sudden changes cannot be managed without prior investment. For example, an enterprise concerned about potential 
obsolescence of existing products and services may choose to invest in multiple, potential new offerings.  Such investments 
might be pilot projects that enable the enterprise to learn how to deliver products and services differently or perhaps deliver 
different products and services.

Over time, it will become clear which of the preceding options makes most sense and the enterprise can exercise the best option by 
scaling up these offerings based on what was learned during the pilot projects. In contrast, if the enterprise were to take a wait-and-
see approach, it might not be able to respond quickly enough, and it might lose to its competitors.

4.  Else, accept the risk. If the phenomena of interest are totally unpredictable and there is no viable way to respond, then the 
enterprise has no choice but to accept the risk of not acting.  Accept is not so much a strategy as a default condition. If an 
enterprise is attempting to address a strategic challenge where there is little ability to optimize the efficacy of offerings, limited 
ability to adapt offerings, and no viable hedges against the uncertainties associated with these offerings, the enterprise must 
accept the conditions that emerge.

These four strategies are differentially relevant for different areas of the uncertainty space, as illustrated in Figure 2, with axes 
involving uncertainties around the requirements, and the ability to meet those requirements.  Figure 2 depicts the space as having 
nine discrete cells, which makes it easier to explain, but there are unlikely to be crisp borders between areas where the different 
strategies are applicable.

There are two types of hedges 
in Figure 2.  First, the upper 
two cells of the middle 
column represent enterprise 
investments (R&D) in creating 
technology options to meet 
possible requirements.  
Second, the upper two cells 
of the left column represent 
licensing, joint development, 
or other arrangements to 
buy technology options from 
partners. The lower cell of 
the right column represents 
archiving “technology options” 
for potential later use.

Figure 2. Strategies Given Uncertainties
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THREE CASE STUDIES
The thinking elaborated above was applied to the following three case studies.  Detailed descriptions of these case studies and 
associated findings are presented in Rouse & Verma (2022).

Driverless Cars for Less-Capable Drivers. The first case study focuses on investments in autonomous vehicles to enhance 
the mobility of disabled and older adults.  The goal was to define an investment portfolio for an automotive original equipment 
manufacturer (OEM).  Five investment scenarios were entertained.  The resulting portfolio included two hedges and one accept 
strategy.  The two scenarios that were potentially the most lucrative but also the riskiest were rejected.

Several broader risks were not considered.  It is imaginable that driverless car technologies, once deployed, will lead to inadvertent 
failures with substantial consequences (Dantzig, 2018).  It is also possible that sweeping organizational and societal trends will 
disrupt this seemingly immense market opportunity (Rouse, 2019, 2021, 2022).  The impacts of climate change are on the horizon.

Energy Policy for Global Warming. The second case study involved a portfolio of policies, pursued by federal, state, and local 
governments, to mitigate global warming.  The expected utilities of twenty potential interventions were assessed, as well as the 
extent to which these assessments were sensitive to the weights in a multi-attribute utility function.  This case study demonstrates 
that a complex policy problem can be approached comprehensively and systematically.  

STEM Talent. The third case study considered designing policy portfolios to enhance the STEM talent pipeline in the U.S.  The 
parameters within the underlying models were tailored to this context in terms of stakeholders’ preferences and predictions of 
attribute levels.  This case study further illustrates the value of exploring policy options and alternative investment strategies.

Table 1 compares the three case studies.  While the seven analysis steps in each case study are the same, the particulars of how they 
differ for each case study are substantial.  Applications to technology platforms, policy portfolios, and investment portfolios involve 
very different scenarios, as well as differing uncertainties, attributes, and tradeoffs.  Nevertheless, the logic of the analytic approach 
remains the same.

The framework and approach presented in this perspective highlight the need for companies, agencies and institutions to develop 
core competencies in understanding and managing uncertainties; addressing uncertainties rigorously and systematically; and 
forecasting and managing potential failures (Rouse, 2021).

TABLE 1. Comparison of Three Case Studies
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IMPLICATIONS FOR THE DoD

It makes no sense for the DoD to pursue requirements that are not needed. However, rapidly evolving threats and technologies 
often lead to uncertainties in future (near- and far-term) needs that are prioritized into requirements. Those requirements face the 
full range of technical and cost feasibilities—from fully feasible to infeasible. The framework presented, therefore, indicates the 
continuum of strategic options from optimize (for the most certain part of the decision space) to adaptation and hedge. Hedging 
occupies a large part of the decision space and includes R&D investments (when technology options are possible but not certain) 
and hedging via partnerships and non-material solutions (see Figure 3).

While these options may appear obvious, the framework helps illuminate the reasons why the DoD should pursue one strategic 
approach or another in a particular situation. For example, hedging is important in making R&D investments to pursue alternative 
concepts and systems—both to hedge against technical challenges and to hedge against need. Thus, the DoD may need to develop 
multiple system options that cannot all be afforded in the end as a way to hedge against uncertain futures.

Also, the framework can be adapted to reflect biases and tradeoffs between materiel and non-materiel solutions. The DoD analysis 
of alternatives process and Materiel Development Decision (MDD) is supposed to bias away from material solutions if non-material 
DOTMLPF-P (Doctrine, Organization, Training, Leadership and Education, Personnel, Facilities and Policy) can suffice at similar 
or lower cost and risk. Thus, the bias is towards the left side of the chart (partnerships and non-material solutions) given full 
consideration of the design, cost, and risks of these alternatives to materiel solutions.  

Finally, affordability (unfeasible cost) is a significant issue in the DoD. Despite the department’s large budget, its mission set and 
range of possible threats is even larger. Thus, the DoD must, in some cases, accept the current situation or perhaps seek non-
material solutions even when there may be good technical options. This affects everything from the transition of invention and 
innovation across the “Valley of Death” all the way through new starts, adaptations (upgrades), and even optimization. Both money 
and technical realities must be considered, and many times money is the shortfall, not needs or technical options.  There are 
many concepts that are simply infeasible, perform poorly, or cost too much—as well as concepts that are intended to meet poorly 
conceived or obsolete missions.

This framework, therefore, provides an objective way to begin addressing many issues raised for the DoD. Affordability is real and 
ripples through decisions. One cannot complain about situations such as the innovation transition and “Valley of Death” without 
contemplating affordability and tradeoffs in needs. No entity—even the U.S. DoD—can have everything it wants given the rapidly 
evolving “market” (threats), technical options, wide-ranging missions, and fiscal constraints.

Figure 3. DoD Strategies Given Uncertainties
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