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Abstract 
 

Despite extensive research on the historical and technical aspects of national 

space policy, little has attempted to understand the links between technological evolution 

in NASA’s spaceflight program in relation to its administrative, political and economic 

context. This essay explores these connections in the development and evolution of core 

systems in NASA’s Project Constellation (2004-2010) and subsequent program, the 

Space Launch System (2010-2013). Through the lens of path dependence and critical 

juncture framework, this historical study aims to identify the specific mechanisms and 

rigidities that played a critical role in shaping the technological and program outcomes of 

the programs. The framework reveals that path dependent dynamics have contributed to 

the persistence of Shuttle derived technologies in Project Constellation and its evolution 

to the Space Launch System. That policy and technology are driven in part by self-

reinforcing effects suggests the need for these processes to be uncoupled or otherwise 

addressed through reflection and assumption surfacing in order to prioritize technological 

advancement and program sustainability. 
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1. Introduction. 

 
The U.S. human spaceflight program is characterized not only by the destinations 

that have been visited but also by the technology developed in order to make visiting the 

destinations possible. The most visible aspect of U.S. space exploration is the technology: 

huge launch vehicles, complex computer systems, and impressive launch pads. Less 

visible has been the presence and impact of political, administrative and economic 

processes on program missions and outcomes, a topic this essay explores in detail. An 

example of these processes can be seen in recent NASA programs to send astronauts to 

the Moon and Mars. These efforts have focused on the development of the Space Launch 

System, a program that is reminiscent of the Apollo era due to its hardware, rockets, and 

destinations. The Space Launch System program came on the heels of an equally 

impressive exploration program under Project Constellation. At each point, struggles with 

these programs led to early termination, cancellation, and reorganization, despite the fact 

that the technology used remained the same. The failure of these programs to complete 

their missions, though initially puzzling, may be explained through the lens of path 

dependence literature.  

 The research question this essay seeks to explore is two fold: what sort of inertia 

influences the administrative and technological culture and politics in NASA and the 

larger space sector, and how does this inertia influence the development and evolution of 

technology in the spaceflight program. Technology in this regard is defined as the core 

systems of launch vehicles, related systems, and infrastructure, which is usually the focus 

of politics and is the key to enabling and achieving mission goals. This essay utilizes the 

lens of path dependence and critical juncture literature to assess these specific inertias.  
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2. Background.  
 
2.1 Overview of NASA and the U.S. Human Spaceflight Program: 
 
 Most scholars generally attribute the start of the “space age” with the Soviet 

Union’s launch of Sputnik I in October of 1957  (McDougall, 1982; 1985). Prior to 

Sputnik, both the United States and the Soviet Union focused their space and rocket 

development programs almost entirely on the development of regional and 

intercontinental ballistic missiles. However by the late 1950s it became clear that 

launching satellites and space stations would become a strategic priority. In 1958, the 

U.S. responded to the Soviet space threat by establishing a civilian agency, the National 

Aeronautics and Space Administration (NASA), which was charged with developing and 

advancing space exploration technologies and related sciences. The new agency took the 

place of the National Advisory Committee on Aeronautics (NACA) and subsumed 

elements of the Army Ballistic Missile Agency (ABMA) that had notably housed the ex-

German rocket team led by Werner von Braun (NASA, 1966; McDougall, 1985). 

 Over the next decade, a crash program involving tens of thousands of workers and 

billions in federal outlays was directed at developing U.S. space exploration capabilities. 

Initially the program was defined by achieving incremental goals in manned spaceflight, 

in a tit for tat competition with the Soviet Union. However, in 1961 President John 

Kennedy announced a program to jump ahead of the Soviets by landing U.S. astronauts 

on the moon by the end of the 1960s (Logsdon, 2010; McDougall, 1985). Following this 

announcement, the Apollo Moon Program was established through an unprecedented 

mobilization of resources. Apollo saw the construction of the largest rocket ever flown, 
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the Saturn V, and culminated in 1969 with the first moon landing, which was followed by 

five additional landings through 1972 (Bilstein, 2003). 

 Ultimately, the pace set by the Apollo Program was short lived. By 1965, four 

years before the first moon landing, funding for NASA saw a precipitous decline due in 

part to the failure of the Russian moon program and the perceived decline in public 

support for space exploration (Launius, 2003). By the turn of the 1970s, economic trouble 

intensified this trend, eliminating the agency’s post-Apollo plans to visit Mars and 

establish outposts on the Moon. In 1972, President Richard Nixon refocused the program 

by mandating the construction of the Space Transportation System (STS), commonly 

referred to as the Space Shuttle Program, for access to low Earth orbit (LEO) 

(Heppenheimer, 1999). The STS program was billed as a semi-reusable fleet of launch 

vehicles that would significantly lower launch costs and achieve as many as 55 flights per 

year; however it achieved far fewer flights, was significantly more expensive and 

remained an experimental spacecraft throughout its thirty year operation (Launius, 2006). 

 The 1980s and 1990s saw NASA’s technical and administrative culture become 

increasingly locked-in by bureaucratization and incremental politics (Bruggeman, 2002; 

McCurdy, 1990, 1993; Kay, 1995; Klerkx, 2005). The lack of a clear mandate for space 

exploration after the Apollo moon program, combined with declining budgets, left the 

agency “straining to do too much with too little” (Logsdon, 2006 pg. 271). This was 

particularly evident in the agency’s failed attempts to establish an orbiting space station 

in the 1980s known as Space Station Freedom, and the battles between scientists and 

engineers over priorities in high-profile missions such as the Hubble Space Telescope and 

Galileo space probe (Chaisson, 1998; Kay, 1995; McCurdy, 1990). In 1986, the agency’s 
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troubles peaked when the Space Shuttle Challenger exploded during its launch, killing all 

seven crewmembers. The subsequent investigation concluded that the disaster’s roots 

were as much organizational as they were technical: competition for scarce resources 

fostered an increasingly risk tolerant and deviant safety culture (Vaughan, 1996, 2005; 

Johnson, 2009; Hall, 2003). 

 By the 1990s, NASA had entered a new era under its then Administrator, Dan S. 

Goldin. In an effort to stem NASA’s growing bureaucratization Goldin instituted a series 

of management reforms known as “Faster, Better, Cheaper” to reboot NASA’s technical 

and administrative culture (McCurdy, 2001). Part of this focus was the development of 

revolutionary launch vehicle technology that would complement and replace the Space 

Shuttle fleet in the 2010s under the X-33 and X-34 programs (Butrica, 2003, 2006). The 

1990s also saw the successful restart of the space station program, which was renamed 

the International Space Station, in an attempt to engage Russia following the collapse of 

the Soviet bloc. Despite these accomplishments, constrained budgets and a poorly 

implemented reform program left the agency and its research centers decentralized and 

fighting for resources (Lambright, 2007; Sietzen & Cowing, 2004; Klerkx, 2005). 

Moreover, technical failings with the X-33 program ultimately led to its cancellation in 

2001, which left no near-term replacement for the Space Shuttle program. 

NASA’s history is marked by both programmatic success and failure. Innovation 

changed the frontier of human space exploration, but NASA and the sector were and are 

constrained by bureaucratic politics. To explore this issue, the following section describes 

the essay’s case study by providing a background on key space programs and launch 

vehicles that shaped NASA’s recent programmatic outcomes. 
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2.2. Case Study History. 
 

This section details the case study timeline from which evidence for the analysis 

will be drawn. This timeline is focused on the relevant policy and technological 

developments of the U.S. space program post-shuttle era and spans from February of 

2003, after the Columbia disaster, to the fall of 2012 with the integration of the Space 

Launch System. The historical analysis is divided into four sections, each of which 

highlights a relatively distinct period in the development of national space policy, 

including 1) the Vision for Space Exploration, 2) Project Constellation, 3) National Space 

Policy of 2010, and 4) Space Launch System. 

 
2.2.1 Columbia Disaster and the Vision For Space Exploration (VSE): 
 

The loss of Space Shuttle Columbia (STS-107) and its seven crewmembers on 

February 1, 2003 during its reentry into the Earth’s atmosphere set into motion a series of 

events in the months and years ahead that would call into question the strategy of the 

human spaceflight program and would set the stage for a new exploration policy on a 

scale not seen since the Apollo era (Sietzen & Cowing, 2004). Central to these changes 

were the recommendations issued by the body charged with investigating the disaster, 

known as the Columbia Accident Investigation Board (CAIB). In its final report released 

in August of 2003, the CAIB report affirmed the importance of future space efforts to 

include a human presence in earth orbit and beyond, and the development of 

transformational technologies to achieve it. However, it concluded that the Space Shuttle 

configuration was inherently unsafe and should be replaced as soon as possible as the 

primary means for transporting humans to and from LEO. Additionally, the CAIB 
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recommended that any subsequent launch architecture or system should give overriding 

priority to crew safety instead of performance criteria such as cost and reusability (CAIB, 

2003).  

In the spring of 2003, a number of efforts in and outside the agency sought to 

determine the post-Columbia future of NASA’s human space flight program, specifically 

for hardware configurations and mission destinations. The first effort, driven by the ideas 

of low-level staffers at the White House, and later with the inclusion of senior officials, 

would eventually lead to the endorsement of a new program and launch architecture 

focused on returning astronauts to the Moon by 2020, which would then serve as a test 

bed from which missions to Mars would be mounted later in the 2020s (Sietzen & 

Cowing, 2004). During this time, NASA Administrator Sean O’Keefe was focused on 

freeing up resources for the White House program, which targeted the SLI and OSP 

advanced technology projects. The Office of Management and Budget’s (OMB) 

reluctance to give NASA money for a new exploration project forced NASA to keep the 

new program budget neutral. Ultimately, negotiations between the administration, 

Congress, and O’Keefe formed the basis of a new space policy announced on January 14 

by President Bush, called the Vision For Space Exploration (VSE) (Sietzen and Cowing, 

2004). 

In particular, the VSE laid out a series of goals and priorities for NASA over the 

next five years, which included completion of the International Space Station by 2010; 

retire the Space Shuttle by 2010; develop a new Crew Exploration Vehicle (later named 

Orion) by 2008; explore the Moon with a crewed mission by 2020; explore Mars and 

other destinations with robotic and crewed missions; and pursue commercial 
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transportation to support the ISS and missions beyond low Earth orbit (VSE, 2004). 

Throughout much of 2004 it was unclear whether Congress would be willing to approve 

and fund the Vision for Space Exploration. However, in November 2004, Congress 

passed a spending bill that gave NASA the extra funds that Bush had sought to kick-start 

the VSE, and in 2005, Congress passed S.1281, the NASA Authorization Act of 2005, 

which explicitly endorsed the VSE.  

 
3.2 Project Constellation: 

 
The Constellation Program was established in the summer of 2004 as NASA’s 

response to the priorities established in the Vision for Space Exploration (VSE) under 

then-NASA Administrator Sean O’Keefe. To fulfill these goals, O’Keefe’s strategy 

focused on utilizing existing organizational and technological capabilities at both NASA 

and the DOD to meet the OMB’s requirement of keeping the program budget neutral. 

Over the next year, a series of studies examined various launch architectures with a focus 

on utilizing the DOD’s EELV fleet to launch the new Crew Exploration Vehicle into 

orbit for a lunar mission after safety upgrades to carry astronauts (NASA, 2005). The 

EELV fleet, which consisted of the Atlas and Delta family of rockets that had been 

developed by the DOD in the late 1980’s, had been dedicated to launching government 

and commercial payloads.  

In December of 2004, Sean O’Keefe retired from the agency and was replaced by 

former NASA Associate Administrator Michael D. Griffin in April of 2005. From the 

outset, Griffin sought to accelerate and restructure a number of aspects of O’Keefe’s 

original program. Central to this effort was the Exploration Systems Architecture Study 

(ESAS), a 60-day internal study released on September 19, 2005, that sought to reshape 
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how NASA would pursue the goals laid out in the VSE. In particular, ESAS pushed for 

the development of two shuttle-derived launch vehicles: one from the Space Shuttle’s 

Solid Rocket Booster (SRB) to launch the Crew Exploration Vehicle, and the other, an 

in-line heavy-lift vehicle using two SRBs and the Shuttle’s external tank to launch an 

Earth departure stage and lunar module called the Lunar Surface Access Module (NASA, 

2005). The study also sought to accelerate the development of the CEV, later referred to 

as Orion, by selecting a final design in 2006 (NASA, 2005).   

The 2005 ESAS proposal had estimated the cost of a lunar mission, including all 

hardware development costs, at $217 billion (in 2004 dollars) through 2025 and was 

originally said to be achievable utilizing NASA’s existing funding profile (NASA, 2005). 

Over the next several fiscal years however, it became apparent that significantly more 

funding would be needed to keep the program on schedule as a result of budget overruns, 

technical delays, and the under-allocation of resources (GAO, 2009).  Further difficulties 

with the program manifested in 2009 when a GAO report found the Constellation 

Program faced “significant technical and design challenges” and suffered from a “poorly 

phased funding plan that ran the risk of funding shortfalls.” The net effect of which 

limited the ability of NASA to ramp up its workforce and development activities in an 

orderly manner, and as a result, undercut the reasoning for moving the program forward 

(GAO, 2009). 

 
Ares I and Ares V Launch Vehicles: 
 

Unlike the Space Shuttle, where crew and cargo are launched together on the 

same rocket, NASA planned to use two separate launch vehicles for the Constellation 

Program – Ares I for crew and Ares V for cargo. This configuration, according to 
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NASA’s 2005 ESAS study, would have optimized the two vehicles for their respective 

missions, thereby increasing crew safety, hardware reliability and cost efficiency (NASA, 

2005). The Ares I launcher (Figure 3.3a), designed to transport astronauts in the Crew 

Exploration Vehicle to low Earth orbit used a solid rocket booster (SRB) and Apollo-era 

rocket engine. The Ares V heavy lift launcher (Figure 3.3a), designed to transport cargo 

to low earth orbit for missions to the Moon and Mars also used SRBs and Apollo-era 

engines (NASA, 2005).  

 
 

Figure 3.3.A Constellation Vehicle Comparison: Side by side comparison of 
NASA’s Saturn V moon rocket (1963-1972), the Space Shuttle (1972-2011), and 
Constellation’s Ares I, IV and V configurations. Credit: NASA 20xx 

 
Orion Crew Exploration Vehicle: 

The Orion Crew Exploration Vehicle (Figure 3.3d) under the Constellation 

Program was a beyond-low-earth-orbit manned spacecraft designed to transport 

astronauts or supplies to the Moon, Mars, asteroids, low earth orbit, and the International 

Space Station. The Orion-CEV has been compared to the crew capsule used in the Apollo 

moon program, however the CEV is significantly more advanced and would house up to 

six astronauts for a period of 21 days (NASA, 2008). In May of 2011, the Orion-CEV 

was renamed the Multi-Purpose Crew Vehicle (MPCV) under the Space Launch System 

exploration program, with its first test flight scheduled in 2014, and manned missions 
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after 2020 (NASA Authorization Act 2010; NASA, 2013). MPCV development costs are 

estimated at U.S. $6 billion through 2017 (Smith, 2011). 

 
 

Figure 3.3.D Orion Crew Exploration Vehicle: An exploded view  
of the Orion CEV and related systems. Credit: NASA 20xx 

 
Altair Lunar Lander: 

The Altair lunar lander (Figure 3.3e) was designed as the primary transport 

vehicle for lunar bound astronauts under the Constellation Program architecture. The 

Ares V rocket would launch Altair into Earth orbit where it would dock with the Orion 

Crew Exploration vehicle, transport astronauts to lunar orbit, and take astronauts and 

hardware to and from the lunar surface (NASA, 2012d). Altair’s development costs were 

estimated at $12 billion (U.S.) through 2018 (Weppler, Sabathier & Bander, 2009), with 

its first test flight scheduled for 2018 and a manned lunar landing in 2020 (NASA, 

2012d). 
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Figure 3.3.E. Altair Lunar lander: NASA illustration of the 
Altair Lunar lander on the Moon. Credit: NASA 2012d. 

 
 
3.3 President Obama and the 2010 NSP: 
 

By the fall of 2009, the Constellation Program had spent close to $9 billion in 

development and testing of hardware for the Orion Crew Exploration Vehicle, Ares 

launch vehicles, and ground infrastructure, and concluded the first launch of the Ares 1-X 

test vehicle. Despite these developments, the program was seriously behind schedule, 

facing technical issues, and had been under-allocated billions in funding, which fueled 

doubt about the program’s long-term political sustainability (Government Accountability 

Office, 2009). Barack Obama’s election as President in November of 2008 cast further 

doubt on viability of the program since it was known that his space policy advisors 

sought to either reboot or make significant changes to the Constellation architecture 

(Logsdon, 2010; Block, 2008).  

In April of 2009, the Obama Administration established a presidential 

commission to conduct a review of the Constellation Program and the U.S. spaceflight 

program as a whole, officially referred to as the Review of U.S. Human Space Flight 

Plans Committee or the Augustine Committee, after its chair, Norm Augustine. On 

October 22, 2009, the committee delivered its final report wherein it concluded, among 
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other things, that a critical mismatch between funding and program goals jeopardized the 

future of the Constellation Program and that it could not be executed without very 

substantial increases in funding. The committee recommended three options to re-boot 

the human exploration program: Moon First, Mars First, and Flexible Path. Each option 

provided a different approach to building rockets and capabilities utilizing existing 

infrastructure; however, each option departed from the original Constellation Program 

strategy. The final report also recommended using emerging commercial sector launch 

capability for access to low Earth orbit and the International Space Station (Review of 

Human Spaceflight Plans Committee, 2009).  

On February 1, 2010, the White House submitted to Congress its proposed fiscal 

year 2011 budget for the national space program as part of the 2010 NASA Authorization 

Act (P.L. 111-267), which reflected several recommendations made by the Augustine 

Committee. Most controversially, the budget effectively ended Project Constellation and 

eliminated funds for the Ares I and V crew and cargo launch vehicles, Altair lunar lander, 

and related programs. Instead, the budget allocated $2 billion over two years to a program 

that relied on emerging commercial launch firms to transport hardware and astronauts to 

LEO and the ISS (Chang, 2011). The proposed policy shift also proposed a one-year 

phase-out of the Space Shuttle program, extension of ISS operations to the year 2020, and 

establishment of a new, heavy-lift launch vehicle program starting in 2015 to support 

space exploration beyond low earth orbit (NASA Authorization Act of 2010).  

In the fall of 2010, Congress passed the 2010 NASA Authorization Act that 

adopted a compromise approach in which both NASA and the private sector were to 

develop new crew transportation systems for LEO, and NASA was to develop a launch 
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system to propel beyond LEO. However, passage of the bill was very controversial. At 

issue was not only the loss of billions of dollars in contracts under Constellation, but also 

the continued reliance on Russian launch capabilities for transport of U.S. astronauts to 

the ISS. Further controversy surrounded the ability of the private sector to safely deliver 

astronauts and cargo to LEO and the ISS (Logsdon 2010). Obama’s policy to rely on 

private sector launch capability capitalized on the advancements made by existing NASA 

programs that were designed to subsidize the development of private sector launch 

capability, including the Commercial Orbital Transportation Services (COTS) and the 

Commercial Crew Development Program (CCDev). Private firms such as Space 

Exploration Technologies (SpaceX), Blue Origin, Orbital Sciences Corporation, Boeing, 

and Sierra Nevada Corporation had conducted broad hardware developments under these 

programs in support of their own suborbital and orbital launch vehicles (NASA, 2012b, 

2012c). In 2012, and again in 2013, SpaceX successfully launched the first two of these 

ISS resupply missions under the new policy ("First contracted spacex," 2012). 

 
3.5 Space Launch System (SLS): 
 

The passage of the 2010 NASA Authorization Act set into motion a series of key 

policy changes for the national space program, most significantly the accelerated 

development of a new heavy-lift launch vehicle called the Space Launch System (SLS) 

(NASA Authorization Act of 2010). The final design configuration, announced by NASA 

in September of 2011, focused on the development of an advanced, Space Shuttle-

derived, heavy lift rocket designed to transport astronauts and hardware to destinations 

beyond low earth orbit, including near-Earth asteroids, the Moon, Mars, and Lagrangian 

Points, with the potential to support trips to the International Space Station (Cowing, 
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2011; NASA, 2012). The mandate also incorporated the development of the Multi-

Purpose Crew Vehicle (MPCV), formerly the Orion Crew Exploration Vehicle under the 

Constellation Program, as the primary SLS crew vehicle (NASA Authorization Act of 

2010; NASA, 2011).  

Since the announcement in 2011, two general configurations of SLS have been 

revealed: Blocks I and II (See Figure 3.5.A). Each configuration utilizes different core 

stages, boosters, and upper stages, with components both original (SLS-specific) and 

using Space Shuttle hardware (NASA, 2011). The Initial Capability or Block I stage 

(2017-2021) is designed to lift 70 metric tons and transport the MPCV, which would 

enable exploration missions and provide back-up capability for crew and cargo to the 

ISS. The Evolved Configuration or Block 2 (2021-after) features an integrated Earth 

Departure Stage, is designed to lift 130 metric tons, and offers a large cargo volume for 

science missions and payloads to destinations beyond LEO (NASA, 2012, 2012a). See 

Figures 3.5.A; B; C for a depiction of the SLS vehicles. 

 
 

Figure 3.5.A. SLS Configurations: NASA diagram of the Space Launch System illustrating 
various core technologies and their evolved capabilities in the “Initial” and “Evolved” Capability 
Configurations. (Credit: NASA 2012a). 
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Figures 3.5.B SLS Crew on Pad   Figure 3.5.C. SLS Cargo on Pad  

 

NASA illustrations of SLS Crew (3.5.B) and Cargo (3.5.C) configurations on pad at 
Kennedy Space Center, Florida. Both diagrams depict new launch towers and ground 
infrastructure as mandated by the 2010 NASA Authorization Act. (Credit: NASA 2011). 

 
 
The decision to develop the Space Launch System was rooted primarily in the 

President’s National Space Policy of 2010 and NASA’s budget proposal. These called for 

astronauts to visit a near-Earth asteroid by 2025 and then attempt a manned mission to 

Mars in the 2030s. The proposal specified the development of a new heavy lift rocket for 

those missions, with development beginning in 2015 after several years of technology 

investment. (Chang, 2011; Logsdon, 2010; NASA Authorization Act of 2010). However, 

between the budget’s introduction in February of 2010 and its passage that fall, Congress 

directed NASA to begin working on the rocket in 2011, four years earlier than the White 

House proposal (Logsdon 2010). For lawmakers, the cancellation of NASA’s Project 

Constellation, in combination with the delay for a new launch vehicle as iterated in the 

President’s budget, was controversial on a number of grounds due to concerns that it 

would be detrimental to the aerospace workforce, would extend reliance on Russian 

launch capability, and would compromise U.S. leadership in space (Logsdon 2010). In 
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the summer of 2011, lawmakers pushed forward several adjustments to the proposed 

budget that proposed the SLS, which would utilize existing hardware contracts from the 

Ares program under Project Constellation. This effort also included repurposing the 

Orion capsule as the crew vehicle for the Space Launch System.  

Nine months later on September 14 2011, NASA and Congressional leaders 

announced the finalized SLS design architecture in tandem with the approval of the 2011 

Appropriations bill that funded many of the priorities set by the 2010 NASA 

Authorization Act (Cowing, 2011). From the outset, criticism of the SLS program was 

voiced across the space community over claims that it would not lower per pound launch 

costs (Strickland, 2011), would cannibalize from other areas of the space program 

(Leone, 2011), and it would cost less to use an existing U.S. launcher (such as the Delta 

IV, Falcon 9, or Atlas 5) in combination with orbital fueling depots - a conclusion 

supported by the Augustine Commission (Cowing, 2011a; "Congressman continues 

criticism," 2011). Additional criticism was centered on specific congressional mandates 

that required NASA to use space shuttle components, which a number of groups argued 

would amount to a non-competitive, source requirement that would guarantee contracts to 

existing shuttle suppliers ("Congressman, space frontier," 2011; Matthews, 2011; Leone, 

2011). Some praise, however, was received from industry groups and the Jupiter 

DIRECT advocates who argued that a shuttle-derived architecture would provide a highly 

capable solution to avoid any delays in development while preserving the industry’s 

employment and knowledge base (Matthews, 2011; Noland, 2008). 

Program costs have been a major focus of debate regarding the short and long-

term sustainability of the program. NASA’s estimated cost of the SLS program was $18 
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billion through 2017, specifically $10 billion for the SLS rocket, $6 billion for the MPCV 

and $2 billion for upgrades to the launch pad and other facilities at the Kennedy Space 

Center (Smith, 2011). An independent cost assessment estimated significantly higher SLS 

program costs, including the full cost with real year dollars, through 2025, totaling at 

least U.S. $41 billion (Smith, 2011a).  

 
 
 
 
3. Literature Review. 

 

In his study of technological evolution, Paul David (1986) argues that institutions 

are the carriers of history, and as such, all new outcomes can be traced from their 

historical imprint. In this sense, specific cultural, organizational, or economic dynamics 

can provide the context for and directly influence the evolution of new practices or 

technologies. This research attempts to fill a gap in the literature on technology 

development in institutions from a path dependence perspective using NASA’s human 

spaceflight program as a case study. To better understand the evolution and persistence of 

technology in NASA’s human spaceflight program, this analysis will utilize path 

dependence theory to explore the trajectories of technologies from the Shuttle program to 

the Space Launch System. By introducing a series of explanatory and diagnostic 

mechanisms this section will construct a framework to analyze the effects of self-

reinforcing dynamics in distinct operational arenas that influence technology 

development. The following subsections will examine the origins and foundations of path 

dependency in technological and institutional contexts; develop a time-based conceptual 



  24 

framework; and briefly explore critical literature pertaining to the evolution of NASA and 

greater U.S. national space policy. 

 
3.1 Theoretical Review: 
 

Path dependence is generally defined as a positive, self-reinforcing regime 

triggered by a critical juncture that eventually locks in a particular process or 

organizational outcome that is usually considered inefficient (Pierson, 2000; Sydow, 

Schreyogg & Koch, 2009; Koch, Eisend & Petermann, 2009). Though the concept has 

undergone considerable evolution, the scholarly interest in this process is on the 

evolution and development of locked-in outcomes, the persistence of such outcomes 

despite systemic evolution, and the presence of optimal alternatives. Arthur (1994) was 

the first to model a formal theory of path dependence and suggests that path dependent 

process can be characterized by four general properties: 

1. Nonpredictability:  There is an indeterminacy of outcome from the outset. 

2. Nonergodicity: Several outcomes are possible (multiple equilibria) and history 

selects among the possible alternatives. 

3. Inflexibility: Actors are entrapped making shifts to other options impossible. 

4. Inefficiency: Actions resulting from the path lock the market or institution into 

an inferior solution. 

 
The most significant characteristic of a path dependent process is increasing 

returns, which, in its most general definition, is positive feedback (Arthur, 1989, 1994; 

David, 1985). Five specific self-reinforcing mechanisms perpetuate the increasing returns 

process, including network effects, learning effects, adaptive expectations, coordination 

effects, and sunk costs. These dynamics are addressed at length in the following section. 
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The concept of path dependence emerged in the 1980s after a series of studies 

characterized the process in evolutionary economics and technological diffusion 

(Antonelli, 1999; Callon, 1992; Cowan, 1990; Castaldi & Dosi, 2006; Hughes, 1987). 

Most notable was David’s (1985, 1986) study of the QWERTY keyboard standard. In 

this example, the QWERTY keyboard spread as a globally accepted standard despite its 

relative inferiority as a technical standard. It was never challenged by more efficient 

alternatives, despite its presence in a supposed efficiency maximizing market economy 

(Arthur, 1989, 1994). Specific self-reinforcing dynamics such as sunk costs in learning, 

high switching costs, and positive externalities all acted to irreversibly lock-in the 

standard during critical points in the keyboard’s development (David, 1985). Similar 

arguments of path dependence have been utilized to explain the development of light 

water nuclear reactors in the U.S., the VHS video standard, early automobile engines and 

competing standards for electric current transmission (Foray, 1997). 

In line with the explanations of path dependence provided by Arthur and David, 

additional arguments have been developed to explain the evolution, persistence, and 

potential inefficiency of social institutions (Koch et al 2009; North, 1990; Mahony, 2000; 

Pierson, 2000; Thelen, 1999). These scholars suggest that the dynamics of increasing 

returns “lock-in” organizational functioning and choice sets. In this interpretation, social 

institutions are subject to and exhibit dynamics similar to those observed in path 

dependent technologies, including adaptive expectations, learning effects, coordination 

effects and sunk costs (Sydow et al 2009). Moreover, some authors argue that the 

distinctive nature of political processes contribute a series of additional dimensions, 
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which magnify path dependent processes in institutional or political contexts (Pierson, 

2000).  

The subsequent section reviews the major self-reinforcing mechanisms identified 

by the literature. These mechanisms play an important role in path formation and lock-in 

and serve as the analytical starting point for path dependency analysis. 

 
Learning Effects: 

 Learning effects describe the perpetuation and embeddedness of learned behavior. 

Generally speaking, the dynamic holds that knowledge gained in the repetitive 

operation of a technology or practice leads to a higher (but also diminishing) return for 

each use (Pierson, 2000). According to Argote (1999), these higher returns tend to 

result in a practice that is faster, more reliable, and with less errors, which results in 

decreasing average costs for unit of output. Despite gained efficiencies, this practice 

also entrenches the operation and decreases the relative attractiveness of switching to 

new technologies or practices (Sydow et al 2009). In an institutional context, learning 

effects have also been used to characterize the transition from “explorative learning,” 

to “exploitative learning” (March, 1991).  

 
   Large Set-up or fixed Costs: 
 

Set-up or fixed costs identify how existing physical, social or political 

investments influence the calculus of option selection and can narrow the scope of 

viable options. In general, the presence of high set-up costs, such as existing 

infrastructure, facilities, or political relationships, can result in an actor’s preference to 

utilize those investments instead of options that do not (Pierson, 2000; Arthur, 1994). 
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Relatedly, Sydow et al (2009) suggest that the timing of early investments, whether 

intentional or random, can critically restrict the scope of viable alternatives in the short 

run. This effect has been identified as particularly prevalent in the timing of 

technological development studies and contracting by NASA and the DOD 

(Bromberg, 1999). 

 
   Coordination Effects: 
 

Coordination effects describe how the more frequently individuals or 

organizations use a technology or practice, the more attractive it becomes for others in 

the same system to adopt. In an economic context this is identified as a positive or 

negative network externality, or as a direct or indirect network effect (Koch et al 2009, 

Pierson, 2000; Arthur, 1994). This dynamic has been used to explain the spread and 

persistence of QWERTY and other technological standards especially if they are 

linked to existing infrastructure or institutions. In the latter example, Sydow et al 

(2009) suggest that this effect emphasizes the implications of rule-guided behavior, 

where the adoption of a particular rule or practice among many actors increases its 

efficiency and attractiveness. A complementary effect has been proposed by North 

(1990) who argues that the overlapping web of institutional arrangements tends to 

generates new webs or matrices of institutions. This argument suggests that path 

dependent processes are influential at individual, organizational level, or 

macro/systemic levels (Hall & Soskice, 2000). 

 
   Adaptive Expectations: 
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Adaptive expectations suggest that individual preferences are not fixed but instead 

contingent on the perceived expectations of others (Sydow et al 2009). “Projections 

about future aggregate use patterns lead individuals to adapt their action in way that 

help make those expectations come true,” (Pierson, 2000 p.254). Thus, the emphasis of 

an actor or organization to end up on the winning side compels them to select a self-

fulfilling practice or choice set. In the organizational context, actors tend to adopt 

practices they expect others will select due to drivers such as “legitimacy seeking or 

signaling” (Sydow et al 2009). More specifically, individual actors or organizations 

subscribe to mainstream practices in the fear of “losing legitimacy - and if associated 

with failure – of becoming stigmatized as outsiders” (Kulik, Bainbridge & Cregan, 

2008 p.700). 

To summarize, learning effects, setup/fixed costs, coordination effects, and 

adaptive expectations are mechanisms that reinforce path dependency and lock-in. 

Leaning effects are the perpetuation of a particular practice that results in its 

entrenchment. Setup costs increase the tendency of an investor to make maximum use 

of an investment. Related, coordination effects occur when the adoption of a practice 

by one actor makes that practice more appealing to others. Finally, adaptive 

expectations represent the tendency of actors to behave in response to how they 

believe others will behave.  

 
3.2 Enhancing Contexts in Social Institutions: 

 
The extension of technological path dependent arguments to social and political 

institutions has generated a field of literature that identifies additional reinforcing 

effects faced by institutions. Pierson (2000, p.260) explains social institutions as 
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fraught with ambiguity and complexity, which requires them to act in “a far, far 

murkier environment.” This ambiguity renders the field ambiguous, thus correction of 

inefficient action is less likely to occur than in markets. Pierson goes on to suggest 

several key factors that make institutions more susceptible to path dependent processes 

including collective action problems, role of change resistant institutions, asymmetries 

of power, and the intrinsic complexity and opacity of political processes (Pierson, 

2000).  

 
3.3 Conceptual Framework: 
 

As a time-based process, path dependence suggests that self-reinforcing effects 

operate over time to lock in outcomes. Koch et al (2009) and Sydow et al (2009) suggest 

a temporal framework that differentiates three developmental phases of path dependence, 

starting with (1) singular historical events, (2) which may, under certain conditions 

transform themselves into self reinforcing dynamics, and (3) possibly end up in an 

organizational lock-in. Building on the theoretical explanations by Arthur (1989, 1994) 

and David (1985), Sydow et al (2009) specifies three phases of a path dependent process 

including Phase I (preformation/antecedent conditions), Phase II (path formation), and 

Phase III (path lock-in phase), each of which is described more fully below and 

illustrated in Figure 3.3A. 
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 Figure 3.3A. The conceptual framework. (Credit: Sydow et al, 2009) 
 

Figure 1: Illustration of the path dependence process across the three stages.  
 
 
Phase I: Preformation Phase / Antecedent Conditions 
 
 The first phase of the conceptual framework is characterized by contingency and a 

broad scope of action or multiple equilibria (Mahony, 2000). Decisions on practices or 

technologies are neither undirected nor fully constrained (Koch et al 2009). As Koch 

(2009) states, “in the institutional context history matters, but in a more broad sense of 

foregoing institutional imprints.” These imprints represent “embedded routines and 

practices” as a heritage that includes “rules and culture,” which narrow but do not fully 

constrain initial choices. 

Choice selection and event framing play a key role in the evolution of this phase. 

Arthur (1994) characterizes the role of small random events or initial choices that trigger 

“unintended or far reaching consequences.” Sydow et al (2009) expands this definition to 

include large events, as well as deliberate initial decisions, investments, or intended 

resource allocations. Ultimately, deliberate or random decisions and events constrain the 

path, until Phase I is ended with a critical event or decision point, thereby leading to 



  31 

bifurcation (Collier & Collier, 1991). At this point, a particular choice set is reinforced 

through increasing returns, despite the fact that the intent of the choice is not necessarily 

to trigger a self-reinforcing dynamic (Koch et al 2009). 

 
Phase II:  Formation Phase 
 

The second phase of the conceptual framework is defined by an array of self-

reinforcing mechanisms that consolidate and ultimately lock-in a particular technology or 

organizational choice set (Koch et al, 2009). In particular, this process is centered on the 

dynamic of increasing returns and self-reinforcing effects that compel actors to 

consolidate options through repeated and expanded utilization. In the case of the 

QWERTY keyboard, the benefit of maintaining and expanding the QWERTY standard 

became greater as more actors utilized it. The net effect of this process was a lock-in of a 

particular standard over competing options, regardless of whether it was an efficient 

alternative (David, 1985). In an organizational context, increasing returns operate in a 

similar manner through direct and semi-direct mechanisms. Three categories of self-

reinforcing mechanisms play a role in organizational path formation in political contexts 

including gaining and maintaining power and reciprocal negotiation. Sydow et al (2009) 

suggests that organizational culture, status and role of system, and institutionalized 

practices “inform decision makers and provide the basis, indirectly and inadvertently for 

the development of self-reinforcing loops.” 

 

Phase III: Path Lock-in 
 
 The third and final phase of the framework is path lock-in, which is defined by the 

emergence of a dominant outcome or practice that generally cannot be overcome or 
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reversed (Sydow et al 2009). The irreversibility or inflexibility of this phase is attributed 

to several key factors including switching costs, sunk costs, economic effects, and 

enhancing contexts (Arthur, 1994; North, 1990; Pierson, 2009). The effect of these 

dynamics reduces the relative attractiveness of alternatives even if they are perceived to 

be more appealing or efficient by this phase. As a result, actors are forced to adopt the 

locked-in standard and decision-making systems are bound to replicate the locked-in 

choice sets. In the institutional context, organizations experience a modified conception 

of lock-in as a result of being inherently “complex and ambiguous in nature.” Because of 

this, self-reinforcing dynamics are “expected to bring about a preferred action pattern, 

which then gets deeply embedded in organizational practices and culture and is 

resultantly replicated” (Sydow et al 2009). Restated, self-reinforcing dynamics lead to 

institutionalization.  

 
 
4. Methods.  
 

This historical analysis seeks to characterize the evolution and persistence of 

space launch technologies in the U.S. human spaceflight program. The analysis employs 

path dependence theory and a critical juncture framework to characterize and assess 

evidence in the specified historical timeline. Qualitative evidence is acquired from direct 

program and technological histories, and greater contextual evidence comes from the 

political and cultural environment throughout the spaceflight program’s timeline. On the 

development of core technologies, this essay examines primary documents related to the 

development of Project Constellation, the Space Launch System, and alternative 

technology programs, including NASA program reports, congressional reports, mission 
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reports, technical reviews, and related documents. Evidence regarding greater contextual 

factors was gathered from news databases, policy databases, scholarly journals and 

printed literature.  

The evidence for this essay is divided into three sections as informed by the path 

dependence framework specified by Sydow and Koch (2009). The first section identifies 

three arenas of strategic persistence, where evidence is placed into groupings based on 

their unit of analysis and specific operational rigidities. The second section analyzes the 

implications of self-reinforcing mechanisms in the case study, which utilizes both 

contextual and direct program evidence. The final section defines a conceptual 

framework that fits both categories of evidence in a temporal timeline and is used to 

illustrate the operation of theory in the case study. 

 
 
5. Analysis and Discussion. 
 

The development, utilization and advancement of spaceflight technology are core 

tenants of NASA’s organizational mission. As the analysis will illustrate, influences such 

as politics, sunk costs, and NASA’s institutional culture are all reflected in the technical 

characteristics and utilization of such technology. Although the connection between 

politics and technical development has only received limited research, it is important to 

further explore because of its implications for understanding how and why certain launch 

vehicle architectures and technology were developed rather than other possible 

configurations.  

 In particular, this analysis will examine the development of launch vehicles and 

their configurations, capabilities, and mission architectures. Ultimately, the ability to 
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explore and conduct science in space through human or robotic means is directly 

correlated to a launch vehicle’s design specifications. In the context of NASA’s human 

spaceflight program, each configuration and capability is the culmination of years of 

research, billions of dollars in contracts, and the establishment of informal political 

institutions. Adding to this complexity is the real and theoretical diversity of launch 

vehicle technologies, many of which represent radical departures from traditional 

configurations. This diversity includes existing traditional rockets, such as the DOD’s 

Delta and Atlas class of rockets and NASA’s Space Shuttle, and new nontraditional 

rockets such as reusable launch vehicles (RLVs) and single stage to orbit (SSTO) 

vehicles.  

 The overall goal of this analysis is to examine the history of technological 

development and selection in NASA’s human spaceflight program between the Columbia 

disaster in 2003, the establishment of the Space Launch System in 2011, and pertinent 

events through 2013. The case study timeline is illustrated below in Figure 5.1. The 

subsequent sections will define the arenas of strategic persistence; critically analyze each 

arena with the theoretical mechanisms; and examine the implications of path dependence 

in the case study using a theoretically based temporal framework. 

 
 
5.1. Arenas of Strategic Persistence: 
 

This essay identifies three arenas in the case study where increasing returns result 

in distinct forms of strategic persistence and operational rigidity. These include (1) the 

space industrial sector, (2) federal agencies, including NASA and the DOD, and (3) the 

U.S. Congress. This configuration of arenas builds on the literature of subgovernment or 
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traditional iron triangles; however, it departs by assuming that culture, rules, and 

increasing returns are as influential in shaping political or technological outcomes as 

networks of reciprocal relationships. These assumptions are central to path dependency, 

which ultimately seeks to assess the outcome of such processes in these arenas. 

 
1. Industrial Sector: The U.S. space industrial sector is largely characterized by 

private sector corporations that provide hardware and services to government and 

commercial space markets; it is highly intertwined with the larger domestic 

aerospace and defense industry (Bromberg, 1999). The analysis will review the 

sector’s market characteristics and evolution of launch capabilities.  

2. Federal agencies:  This arena is comprised of government organizations 

involved in national space policy including NASA and its research centers, the 

Department of Defense, National Oceanic and Atmospheric Administration 

(NOAA) and the NRO. The focus of this section is on NASA’s human spaceflight 

program, specifically its administrative and technical culture and its interagency 

and budgetary environment.  

3. Congress:  The final arena included in this analysis consists of the U.S. 

Congress, specifically the Senate, House, staffers, political parties and relevant 

committees. Attention will be paid to the relevant members of congress and 

committees/subcommittees who play a role in shaping NASA’s space exploration 

policy. The influence of contracts and research centers on decisions and voting 

patterns will also be explored. 

 
5.2.  Analysis of Self Reinforcing Dynamics: 
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This section explores the implications of path dependent, self-reinforcing 

dynamics in the three strategic arenas identified above. The analytical focus will be 

centered on specific events and branching points before and after the adoption of Project 

Constellation in 2005 and the adoption of the Space Launch System (SLS) architecture in 

2011, which were critical in the development of these programs and their technologies. 

 
5.2.1. Space Industrial Sector: 
 

This section explores how the dynamic of learning effects has operated in the 

space industrial sector to generate a market and technological landscape defined by both 

path-specific innovation and high entry and exit costs. This characterization represents 

the first component to understanding the influences that lead to technological diffusion 

and specialization. As elaborated in later sections regarding Project Constellation and 

SLS, the presence of these characteristics can critically influence policymakers’ selection 

of new exploration architectures. 

Since the 1970s, the space launch sector has been primarily defined by a small 

array of expendable and semi-expendable launch systems, referred to here as core 

technologies, developed for NASA’s Space Shuttle program and the DOD’s EELV Atlas 

and Delta rocket families. For the Shuttle program, these core technologies include the 

Solid Rocket Boosters (SRBs) developed by Alliant Techsystems (ATK), the Space 

Shuttle Main Engines (RS-25 / SSMEs) developed by Pratt-Whitney Rocketdyne, the 

space shuttle external tank (ET) and the Shuttle orbiter both developed by Boeing 

(originally developed by Rockwell) (Heppenheimer, 1999). Retired hardware systems 

that are occasionally proposed for integration in new projects include the Apollo-era J-2 

and F-1 cryogenic rocket engines both originally manufactured by Rocketdyne (Morring, 
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2012). Lastly, core technology systems for the EELV rocket family include the RS-68 

and RS-10 cryogenic rocket engines, associated tanks, structures and control systems. 

Prime contracting for these systems consists of a partnership between Boeing and 

Lockheed Martin called the United Launch Alliance (ULA) (Vandeberg, 2013). 

The commercial and government market for these core technological systems is 

characterized by a small or sole customer base, unstable acquisition/contracting 

schedules, and susceptibility to trends in defense spending. The first defining 

characteristic is the single customer base for many of the large integrated components 

and core technologies. Customers for these products are primarily the DOD and NASA, 

and the contracting schedules from such customers are infrequent and are often subject to 

budget indecision and upheavals (Bromberg, 1999). For some systems, such as the 

Shuttle’s SRBs or SSMEs, manufacturers may see a year or more without orders, as was 

the case after the Columbia disaster in 2003; in other years they may receive multiple 

orders. Other challenges face the development of these systems, including them from 

wider commercial use due to two main factors: the technology is proliferation protected, 

which keeps them from any international customers, and the general lack of commercial 

markets for launch vehicles utilizing the scale of such core technologies (Koebler, 2013; 

Johnson, 2002). Lastly, space manufacturers are generally intertwined with the larger 

aerospace and defense contracting sector, which will expand and contract over decades in 

response to increases or decreases in defense spending resulting in firms being swallowed 

up during a contraction and spinouts during an expansion (Bromberg, 1999). The net 

effect of these dynamics suggest, that the sector is dominated by a few firms able to 
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survive this unstable landscape with a small portfolio of highly specialized space launch 

technologies. 

In this unstable, and knowledge-intensive environment, the dynamic of learning 

effects takes hold and can result in technological path innovation and entry and exit 

barriers. Evidence from the sector’s technical history suggests that learning-effect based 

path innovation influenced the trajectory of many core technologies leading up to and 

during the case study timeline. An example of path innovation is present in the history of 

the Shuttle’s SRB. Originally developed as a technology demonstrator, the SRB became 

one of the primary propulsion systems for the Space Shuttle in 1972 due to its optimal 

thrust profile (Heppenheimer, 1999). Over the next three decades, the developer of the 

SRB, Thiokol (later ATK), learned many things from the operation and manufacture 

which would ultimately lead to later investments made by both NASA and the company 

including experimenting with filament-wound casings and new propellant compounds 

(Leary, 1989). Throughout this period, path innovation also operated to further specialize 

and improve safety margins in other Shuttle technologies such as the SSME, and SSMT. 

The Challenger and Columbia accidents also both led to major improvements in SRB and 

SSMT design and safety. By the start of the case study timeline in 2003, the accumulated 

learning effects in improvements made by the firms and NASA made these technologies 

an attractive investment with few unknowns, which were ultimately utilized as first 

stages for the Ares I and V launch vehicles for Project Constellation (NASA, 2005). 

 Learning effects in the repeated manufacture and operation of core technology 

not only resulted in specialized improvements in such systems but would also serve to 

increase the exit and entry barriers for firms involved and not involved in this market. A 
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key example of high entry and exit barriers is evidenced in NASA’s acquisition process 

for both Project Constellation and SLS. During both episodes, start-ups and smaller firms 

with moderate to little experience developing core technologies were unable to gain a 

foothold in the 2003 and 2009 program cycles. NASA cited the relative inexperience and 

knowledge capacity for the development of systems by start-ups and deferred to 

traditional prime contractors such as ATK, Boeing, and Pratt-Whitey Rocketdyne for the 

development of Constellation and SLS core systems (Matthews, 2011; Bergin, 2011; 

NASA, 2005). 

It is important to note that several major contractors also had limited experience 

and familiarly with reusable rocket technology. Reusable launch vehicle (RLV) or single 

stage to orbit technology (SSTO) represented the next evolution of rocket technology and 

was widely regarded as the next step in space flight (Butrica, 2003, 2006). By the early 

1990s several programs were initiated under the DOD and later NASA to explore and 

develop RLV and SSTO technologies. These programs included the DC-X, the X-33, X-

34 and later in the early 2000s under NASA’s Space Launch Initiative, the Orbital Space 

Plane (OSP). For NASA the X-33 and later OSP were designed to replace the aging 

shuttle program by the 2010s, however schedule overruns and technical failures with the 

projects ultimately resulted in their cancellations in 2001 and 2003 respectively, before 

any test flights (Butrica, 2003, 2006). This particular episode demonstrates the public 

sector’s attempt to create technical diffusion in new systems; however their failure 

ultimately left them off the table when policymakers selected the next exploration 

architecture under Constellation in 2005. 
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In sum, the culmination of three decades of manufacture, operation, and 

improvements in Shuttle core launch technologies suggest that learning effects led to path 

specific innovations and increasingly specialized technology. Moreover, the sector’s 

market characteristics, defined by a small customer base and unstable acquisition 

schedules, led to the reinforcement of high entry and exit barriers further restricting the 

scope of technological diffusion. Though the sector had experience with RLV and SSTO 

technologies, the inability of these programs to stay on schedule and avoid technical 

delays resulted in their early termination. The net effect of these circumstances suggest 

that by the start of the case study timeline the technological landscape, defined by a 

reduced scope of technological alternatives, and the availability of highly capable and 

improved shuttle technologies, would serve to define policymakers’ scope of action 

leading into Project Constellation and SLS.  

 
 
5.2.2. Federal Agencies: 
 

This section explores how the dynamics of learning effects and adaptive 

expectations at NASA have shaped the selection and reinforcement of technologies and 

launch architectures during the case study timeline. In particular, learning effects in the 

form of path innovation/actor crossover played a key role in defining hardware outcomes 

leading up to the ESAS study in 2005, and again after the 2010 NASA Authorization Act. 

Furthermore, the dynamic of adaptive expectations would serve to define the early 

technological response to the Vision for Space Exploration and would result in a specific 

program approach in line with long-term resource projections. 
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Industry learning effects in Shuttle core technologies paralleled learning for 

NASA engineers and administrators. Generally speaking, in the design, development and 

improvement of launch vehicle systems, NASA actively works with private sector 

contractors, which creates a fluid environment where both industry and NASA technical 

planners are familiar with core technologies and any effects of learned behavior 

(Bromberg, 1999). In this environment both contractors and NASA engineers will 

suggest improvements or speculations on configurations. An example of this effect that 

would ultimately define the approach to Project Constellation, was the publication of a 

2004 launch architecture study conducted by the Planetary Society, which recommended 

a series of launch vehicle configurations to support the newly announced Vision for 

Space Exploration (VSE). The study, authored by then-former NASA Associate 

Administrator, Mike Griffin, recommended a launch vehicle architecture that was 

Shuttle-derived, meaning it utilized the Shuttle’s SRBs, ET as well as an updated Apollo-

era J-2x engine (Griffin & Garriot, 2004). The study argued that industry and agency 

familiarity with such systems would result in a capable architecture with high safety 

margins compared to other operating launch systems, including EELV and the proposed 

objectives of the SLI program.  

The hardware preferences of this study followed Griffin to NASA when he 

became Administrator in 2005, and several months later they became the central 

recommendation of NASA’s ESAS study. In particular, ESAS built on the Planetary 

Society study and recommended an additional, Shuttle-derived launch vehicle, 

specifically a new heavy lift vehicle (Ares V) based on several performance 

improvements of SRB, SSME and SSMT technology (NASA, 2005). Five years later, 
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following the cancellation of Project Constellation, the core technologies selected by 

ESAS for both Ares I &V were at the center of a new, congressionally-mandated launch 

vehicle called the Space Launch System (SLS). In particular, SLS rolled the Ares I 

technologies into a repackaged heavy lift vehicle similar to Ares V. The vehicle utilized 

advancements made in the SRB, RS-25, and SSMT under the Constellation program. In 

the wake of the mandate, NASA made statements to support the investment to re-utilize 

core technologies  (NASA, 2011). In sum, this episode suggests that industry learning 

played a key role in shaping and reinforcing the learning effects for key players in 

NASA’s leadership. Griffin’s prior experience with Shuttle hardware, and the learning 

derived thereof, would play an important role in determining the hardware choice of 

Project Constellation.  

The second component of this section examines the impact of adaptive 

expectations on NASA’s long term planning. Adaptive expectations played an important 

role in reinforcing the selection of Shuttle core technologies in a constrained resource 

environment. Evidence from both the time period leading up to the selection of the VSE 

policy and again during the 2010 NASA Authorization Act period suggests that adaptive 

expectations resulted in a specific program approach in line with long-term resource 

projections. 

The first example of adaptive expectations is demonstrated in the year following 

the Columbia accident as the space policy community was in the process of selecting a 

new exploration program. During this period, conversations between the White House 

and NASA had resulted in a policy to utilize a yet undetermined launch vehicle to 

transport and land astronauts on the Moon and eventually Mars under the VSE. As a 
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former director of the Office of Management and Budget, O’Keefe was keenly aware of 

the environment facing government expenditures. Accordingly, his initial plan for the 

VSE was shaped around the long-term expectation that allocations for the space program 

would remain at stable levels (Sietzen & Cowing, 2004). This expectation, in 

combination with the 10 year development timeline for any program emerging from the 

VSE, ultimately drove the selection of the CEV capsule and its protracted development 

schedule over the possible outcomes of the SLI or OSP programs.  The choice was also 

influenced by the priority to develop a launch architecture that would utilize current 

investments in legacy technology (Sietzen & Cowing, 2004).   

In 2005, the expectation of a constrained long-term resource environment would 

again influence the selection of legacy technology in NASA’s ESAS study. However, in 

this episode, shuttle derived technology was selected for the basis of a new launch 

architecture over O’Keefe’s early efforts to explore EELV. In the conversations and 

negotiations leading to VSE and ESAS, language used to describe proposed 

configurations serve as an indicator of this mindset. In both the VSE and ESAS 

documents, the emphasis on terms such as “cost effective,” “budget neutral” and “current 

budget projections,” were framed as the justification for such programs in light of an 

unstable budgetary environment (Sietzen & Cowing, 2004; NASA, 2005; Griffin & 

Garriot, 2004). 

This section provides evidence to suggest that learning effects in NASA’s 

institutional context incentivized the utilization of legacy technologies that were products 

of industrial learning dynamics, and also spurred the development of several reactive 

sequences that revealed unexpected technological diffusion and a status quo guided 
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administrative culture. Moreover, an exploration of adaptive expectations during the case 

study period suggest that NASA was focused on developing technology that met the 

projected constrained resource environment, which further reinforced the selection over 

time and through critical junctures of existing technologies over more radical technology 

development programs.  

 
 
5.2.3. Congress: 
 

The third and final arena explores how path dependent dynamics of sunk/fixed 

costs and status quo bias shaped the congressional sector’s role in the evolution of 

technology and programs during the case study timeline.  Sunk costs are defined as 

political bargaining and networks of reciprocal relationships between relevant members 

of congress, contractors, and research centers, specifically in regard to the core 

technologies/contracts central to Project Constellation and SLS. As will be detailed, the 

termination of Project Constellation in 2010 revealed how the sector’s sunk costs 

influenced technology and exploration policy. The result of this influence was the 

preference for and perpetuation of Shuttle-derived core technologies into a new launch 

vehicle Space Launch System.  

Congress plays a key role in national space policy through congressional 

budgeting power, and represents constituent interests in the national space program. One 

of the defining features of space politics is its relatively low priority in congress. As a 

result, decisions on space policy are usually determined by members who have space-

related facilities in their district or state, such as research centers and aerospace 

contractors (Johnson-Freese, 2002). In this environment, the influence of exploration 
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programs such as Project Constellation or SLS, which entails the investment of $40+ 

billion with precise geographic and political recipients, demonstrates a clear link between 

program investment, politics and technological capabilities.  

Political sunk costs are the bargains, deals, and inflexibility that perpetuate 

constituent benefits. In path dependence, these sunk costs will act to reinforce and 

perpetuate locked-in outcomes despite greater systemic evolution. This analysis will 

examine the conditions leading up to and following the policy change by the Obama 

administration to cancel Project Constellation. The cancellation of Project Constellation 

in 2010 and its later replacement by SLS demonstrates the operation of this self-

reinforcing dynamic on the selection of technology and launch programs. The primary 

space policy players in congress are generally those with distributions of core technology 

contracts and NASA research/operation centers. For Project Constellation, this involved 

several states including Florida, Alabama, Texas, and Utah, with key members of 

congress including Senators Bill Nelson (D-TX), Kay Hutchison (R-TX), Richard Shelby 

(R-AL), and David Vitter (R-LA). These members and their actions represent the key 

actors in the selection and movement of space-related technology. Two distinct periods 

demonstrate the influence of these investments: pre- and post-introduction of the NASA 

2010 Authorization Act and establishment of SLS.  

The first period began with Obama’s election as President. Early indications that 

Obama’s space policy team sought to either eliminate or make significant changes to 

Constellation created immediate push back from NASA, members of congress, and 

industry (Logsdon, 2010). At issue was the $9 billion already invested in the program and 

thousands of contractor jobs. In Congress, the actions of Senator Richard Shelby (R-AL) 
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are representative of the group described above. Shelby represents Alabama, home to 

NASA’s Marshall Space Center in Huntsville, and a major beneficiary of Constellation, 

specifically the design and development Ares I &V (Shelby, 2010). Shelby’s pushback 

involved resisting talk of Obama’s changes to Constellation, especially the Augustine 

Committee’s findings, and passing a law that prohibited NASA from canceling any 

Constellation contracts (Spaceref, 2009; Cowing, 2009). Florida Senator and former 

Astronaut Bill Nelson was also a critic. In his state, shuttle related jobs at Kennedy 

Spaceflight Center were very important, and Nelson argued that maintaining 

Constellation would ensure the region’s job security. He came out against Obama’s plans 

by arguing that Constellation was built on proven and existing technologies that used 

existing capabilities and infrastructure (Cowing, 2009). Similar opposition was voiced 

from other Senators and Representatives whose districts stood to lose under the proposed 

policy, including Mikulski (D-MD), Vitter (R-LA), and house members. Aerospace 

contractors who would suffer from cancelled contracts quickly organized lobbying efforts 

against the president’s proposal by finding allies among Senators and Representative 

whose constituents would be similarly impacted (Logsdon, 2010). In a specific episode, 

Boeing, Lockheed Martin, ATK, and Pratt Whitney Rocketdyne met with Shelby to 

launch media campaigns to oppose alternatives to the Ares rockets (Cowing, 2009). 

The second period started with the introduction of the 2010 NASA Authorization 

Act in February of 2010, which contained what members had feared: the cancelation of 

Constellation. Trying to find a compromise between the Congressional concerns and the 

White House proposal were Senators Bill Nelson (R-FL) and Kay Hutchinson (R-TX) 

(Logsdon, 2010). They were the chairman and ranking minority member of the Senate 
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Science and Space Subcommittee, and looked to by other senators without direct space 

interests for leadership in crafting the Senate reaction to the white house (Logsdon, 

2010). Attempts to find areas of compromise were made between the short term concerns 

of Senators regarding the loss of workforce capability and jobs resulting from canceling 

Constellation, and the desire to support the President’s strategy (Logsdon, 2010). Nelson 

and Hutchinson’s draft cancelled Ares 1 but specified the design of the new launch 

vehicle, which implied significant future roles for Ares 1 contractors. This draft passed 

Congress on 29 September 2010 and combined the interests of other states, including the 

inclusion of key shuttle derived/constellation core technologies for a new heavy lift 

vehicle called the Space Launch System (2010 NASA Authorization Act). However, after 

the bill’s authorization there was debate about the role of the side-mounted boosters in 

the SLS architecture. This was not satisfactory to Shelby, whose MSFC propulsion would 

not benefit, so he pushed NASA to implement a competitive process for side mounted 

boosters so that his state could compete (Cowing, 2009; Matthews, 2011). 

In sum, the self-reinforcing dynamic of sunk costs and status quo bias suggest that 

the reciprocal networks established during Constellation perpetuated a near identical 

hardware selection in the 2010 NASA Authorization Act, despite the President’s 

termination of the Constellation program. In particular, the inertia of these sunk costs 

would define the emergence of a new deep space launch system in order to sustain the 

contracts and workforce that characterized the shuttle-derived technology from Project 

Constellation. This episode not only illustrates how sunk costs influence technological 

selection, but it also demonstrates their influence in overcoming explicit efforts to engage 

in systemic policy change. 
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5.3 Temporal Framework: 
 

 

 
 

Figure 5.3: Path evolution of case study timeline. 
 
 
Antecedent Conditions / Phase I: [1990s - 2003] 
 

Phase I of the conceptual framework is generally defined by four characteristics: a 

broad scope of action, contingency, shaping by both small and large events, and limiting 

by a “foregoing institutional footprint” (Koch et al, 2009). The case study timeline 

defines this phase as the period spanning from the late 1990s until the Columbia accident 

in February of 2003. During this period, evidence suggests a wide scope of technological 

diffusion: programs, including X-33, X-34 and the Orbital Space Plane, were established 

to ultimately replace the space shuttle program and enable deep space exploration 

(Butricia, 2003). Contingency in the program can be defined by the many studies 

regarding potential future exploration destinations and architectures by NASA and the 

space community (Sietzen & Cowing, 2004).  
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Despite this diffusion in technology and mission points, the institutional footprint 

of NASA and the space industry could be seen to initially constrain the focus of viable 

options. As previously discussed, the early termination of RLV and SSTO development 

programs, combined with the learning effects experienced by the space industrial sector 

in operation of expendable core technology, restricted the scope of possible technological 

outcomes. Moreover, the requirement of assured access to the International Space Station 

necessitated a launch system capable of transporting astronauts to and from low Earth 

orbit. The net effect of this technical and institutional footprint suggests that by the end of 

this phase, a narrowed scope of technological outcomes was present due to ISS access 

requirements and learning effects resulting from the operation of expendable 

technologies. 

 
Path Formation / Phase II: [2003 - 2005] 
 

Path formation is generally initiated by a critical juncture and is primarily defined 

by the presence of self-reinforcing mechanisms that compel actors to consolidate options 

through repeated and expanded utilization (Koch et al, 2009). The case study timeline 

identifies the Columbia accident in February of 2003 as the punctuation or critical 

juncture that led to a narrowing sequence of events that ultimately resulted in the Vision 

for Space Exploration later reiterated in NASA’s ESAS study of 2005. Evidence from 

this time period suggests that multiple self-reinforcing dynamics influenced the trajectory 

of early efforts to define the hardware configuration for the VSE.  

The first branching point after the Columbia accident is identified as O’Keefe’s 

original plan for the VSE that included industry competition for the CEV and utilization 

of EELV medium lift launch vehicles for deep space exploration. This path gained 
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momentum from the fall of 2003 to the fall of 2004. Before the announcement of VSE 

there was a period in the summer of 2003 where O’Keefe pushed for the completion of 

the Orbital Space Plane, however this was short lived. O’Keefe’s retirement in 2004 

opened the door for a new approach to fulfilling Bush’s VSE characterized by 

Administrator Mike Griffin’s preferences. Specifically, this path was based on the 

eventual ESAS study that recommended a departure from O’Keefe’s original plan by 

utilizing existing core technologies derived from the Space Shuttle Program. The net 

effect of these branching points suggest that increasing returns resulted in two branching 

points, each resulting in a different policy for the VSE. Ultimately the last branching 

point, as iterated in the ESAS study, was selected as the final path.  

 
Path Lock-in / Phase III [2005 - Present] 
 

The third and final phase of the conceptual framework is defined by the 

emergence of a locked-in outcome that cannot be overcome or reversed because of high 

switching costs, sunk costs, and related economic effects (Sydow et al, 2009). The case 

study timeline identifies the operationalization of the 2005 ESAS study as the point at 

which a locked-in technical policy emerged. The ESAS-focused path consisted of 

hardware and mission architecture that emphasized the utilization of familiar shuttle-

derived core technologies in order to support missions to the Moon and Mars (NASA, 

2005). Two launch vehicles were selected for development, one for access to low earth 

orbit and another to enable to deep space missions. Over the next several years, this path 

would reinforce itself as demonstrated by $9 billion invested in the advancement of these 

core technologies along with the construction of infrastructure to support the new 
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exploration program. These investments and the political configurations they benefited 

suggest the reinforcement of the policy through high exit barriers and sunk costs. 

The case study timeline identifies a brief interruption of the lock-in during the 

events surrounding the cancellation of Project Constellation in 2009 and adoption of the 

Space Launch System a year later. Evidence suggests that sunk costs (both material and 

political) perpetuated the hardware and policy preference of Constellation despite the 

administration’s efforts to end the program. This dynamic was particularly visible in the 

Congressional arena, where sunk costs in the form of reciprocal political relationships 

served to perpetuate a near identical set of hardware preferences. These events suggest 

that a path lock-in is not entirely stable and may face moments where the path wanders 

off; however, sunk costs spread throughout Congress and industry serve as a barrier to 

policy change. As of spring of 2013, SLS program and resource support remained stable 

despite a budgetary environment that has emphasized strict fiscal limitations (Moskowitz, 

2013). 

 
5.4 Observations: 
 

The case study analysis reveals several observations regarding the evolution of 

technology in greater social and institutional contexts. These observations are derived 

from the application of theoretical concepts to the case study timeline and are each tied to 

the three functional arenas identified in section 3.1. 

1. NASA’s expectation of a future constrained by an unstable resource 

environment tends to result in a decision making process that is partial to the 

selection and utilization of legacy or legacy-derived technological systems 

over new technology development programs.  This tendency illustrates 
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NASA’s preference to work with companies whose results are proven in order 

to protect their unpredictable budget. 

2. The presence of learning effects in the long-term manufacture and operation 

of core technologies creates an environment where the space industrial base is 

prone to technological siloing, path specific innovation, and is generally 

defined by high entry and exit barriers.  These characteristics come about due 

to a very small market for buyers and sellers of space related goods. This 

encourages NASA to continue to work with companies they trust, and 

encourages firms to perpetuate the use of their products. 

3. The place-based nature of space politics in Congress and its immediate policy 

environment tends to perpetuate status quo arrangements through junctures in 

policy development and as a result, can inhibit the diffusion of new policies, 

ideas or technology.  Restated, decision-makers with constituents who rely on 

NASA contracts tend to be protective of said contracts and make budgetary 

decisions accordingly.   

4. The nature of political time horizons and status quo bias suggests a general 

instability regarding long-term R&D programs and a low tolerance for any 

resulting failures. This tendency, in the context of the timeline, has been 

shown to result in early program termination, which can restrict the scope of 

actionable technology. Political decisions are often made within the 

timeframes of political appointments instead of long-term visioning. As a 

result, continual changes in budget allowance and program direction create a 
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challenging environment for technology R&D difficult, where surviving the 

long term becomes priority.  

 

6. Recommendations. 
 

The diversity and scope associated with each of these observations demonstrates 

the complexity of any approach that attempts to characterize a path forward. In this 

regard, the literature has defined an area of path breaking that is both theoretically and 

empirically informed. Sydow and Koch (2009) identify several path-breaking tools on the 

organizational level that focus on opening the scope of action both before and after a 

lock-in event including reflection, assumption surfacing, and paradoxical intervention 

(Sydow, 2009). Though these tools are designed for implementation at the level of 

individual actors and organizations, we can adapt their general ideas to this essay’s 

macro-level analysis in two areas: systemic reflection and expanding the scope of 

program and technological action.  

The first point adapted from theory is the tool of organizational reflection, or as 

applied to the case study’s unit of analysis, systemic reflection. This tool asserts that 

reflection and assumption surfacing is the first step to avoiding or breaking paths by 

explicitly surfacing the unquestioned or subconscious drivers behind established practices 

and policies. This analysis identifies these assumptions as technological approaches, 

mission profiles, contracting mechanisms, cultures, and the self-reinforcing mechanisms 

behind programs such as SLS or Constellation. Explicit actions to surface and review 

such assumptions in the sector are generally limited in capacity and usually take place 

through scientific and technical advisory boards, such as the National Academies of 
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Sciences (NAS), Presidential Commissions, and Blue Ribbon Committees. In particular, 

these boards have reviewed a wide range of topics including science mission priorities, 

human spaceflight approaches, agency management, strategic goals, etc., at the request of 

Congress and NASA. These boards, however, are limited in several respects: they are 

used for only for advisement and are not integrated into the greater mechanisms of 

policymaking, are often times political, and usually do not include actors who are internal 

to the processes they study. Despite these limitations, recent examples demonstrate both 

the intentional and inadvertent ability of the bodies to initiate reflection and assumption 

surfacing. 

In 2011, an NRC assessment, at the request of Congress, assessed NASA’s 

current and future strategic direction and agency management. In its final report, the 

committee found that several characteristics defined NASA efforts including the 

expectation of growing budgets, lack of consensus, and technology developments, and 

further, recommended several options to move forward (National Research Council, 

2012). These findings revealed the operation of adaptive expectations, the effects of sunk 

costs, and learning effects in national space policy. Another example was the final report 

of the Columbia Accident Investigation Board that questioned the assumptions behind 

shuttle configuration, launch safety, and human exploration strategy (CAIB, 2003). The 

findings in the report were so significant that they shaped the focus and approach for both 

Constellation and SLS in subsequent years.  

Clearly this reflection and surfacing is taking place; however, the integration of 

these reflective mechanisms into strategic policymaking will be a challenge. Such 

advisement would likely need to be integrated into a centralized planning process such as 
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a National Space Council that would include all stakeholders (external and internal) in 

the development of long-term space policy strategic goals and exploration programs. 

More research on the impact and ability of independent scientific and technical 

advisement to serve as a strategic influence in this realm is needed. 

The second point derived from the literature is focused on expanding the scope of 

action prior to and during a path lock-in event. As previously discussed, the absence of 

mature technology programs during policy junctures limits the scope of actionable 

technology as demonstrated in the time period leading up to the Vision for Space 

Exploration in 2004. In this example, the early termination of RLV and SSTO 

demonstrators, combined with the stumbling of NASA’s Space Launch Initiative, 

prevented policymakers from acting on such technology, despite several attempts to do 

so. This episode suggests that the presence of a diffuse base of technologies with scope of 

mission requirements may provide actionable alternatives during these junctures. In this 

respect, a dedicated program or directorate focused exclusively on the advancement of 

technological capabilities in line with greater exploration and mission goals could 

augment the array of core technologies during both junctures and stable equilibrium. To 

support this, NASA could engage in cost sharing partnerships with government agencies, 

private sector firms, and international partners to reinforce the development of a broad 

spectrum of exploration technologies. Examples of this model include NASA’s recent 

partnership with Bigelow Aerospace to develop inflatable space capsules and the various 

partnerships for the development of new launch technology and spaceflight systems for 

the CCDev and COTS programs. This approach to broad technology development 

demonstrates how capabilities can be developed separate from but in line with program 
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goals that are both commercially viable and can be called on for future exploration 

programs. 

In sum, there are at least two theory-informed approaches to the challenges 

identified by the analysis. First, the ability of current scientific and technical advisement 

to reflect on and surface assumptions is limited, and could be expanded to aid in the 

planning of long-term capabilities development. Second, a need for an independent 

capabilities-based technology development program may provide greater technological 

diffusion at both equilibriums and junctures in policy development. 

 

7. Limitations. 
 

As with any theory or framework that seeks to explain a social process, path 

dependence is functionally limited in its ability to characterize or explain the vast array of 

influences on technological evolution and selection. In consideration, this section 

identifies several areas where specific limits in theoretical mechanisms curtail the ability 

to qualify these dynamics. These limits are derived from the very tools used to perform 

the analysis, including critical junctures, opportunity costs, and adaptive expectations and 

are explored to include areas for future research and exploration.  

The first limitation addresses the theoretical tool of a critical juncture. As 

described in the literature, critical junctures are used to identify and characterize a 

disruption or punctuation in a stable policy equilibrium and are further utilized in studies 

of path dependence to identify the start of a distinct path forming and lock-in period so as 

to limit infinite explanatory regress (Sydow et al 2009; Pierson, 2000). This essay utilizes 

a critical juncture to characterize the dynamic policy environment after the Columbia 



  57 

disaster and to define the start of a path-forming and lock-in period spanning from 2003 

to 2012. This temporal distinction however, requires the exclusion of otherwise relevant 

causal variables or context that preceded the defined time period. For example, in a more 

extensive analysis, a study on the influences of shuttle core technologies would identify 

as a juncture the establishment of the Shuttle program in 1972 and would trace its 

original trajectories and self-reinforcing dynamics. Likewise, an associated analysis could 

justify a timeline starting with the establishment of the Apollo moon program in 1961 to 

explain the premature standardization of the von Braun paradigm and expendable 

technologies that would later define the approach of both Project Constellation and SLS. 

Additional contextual factors from this period including NASA’s establishment in 1958 

can be utilized to explain the particular emphasis on human exploration (over robotic) 

and the early administrative and technical culture that would later influence NASA’s 

evolution. These periods are fundamentally interrelated and provide context to the 

processes that have shaped technological outcomes. As such, any analysis that seeks to 

understand program and technological evolution should be cognizant of factors present in 

the history of the space program. 

The focus on long-term technological evolution is another limitation in the 

context of foregone technological alternatives. As discussed, the premise of path 

dependence relies on the selection and eventual lock-in of a suboptimal outcome in 

relation to more efficient or optimal alternatives. However, it is the realization of the 

opportunity costs associated with these alternatives when the argument of path 

dependence becomes particularly compelling. In the case of the QWERTY keyboard, the 

realization that the Dvorak keyboard configuration could yield higher and more accurate 
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typing rates was one of the case’s central justifications of path dependent lock-in. 

However, unlike assessing the opportunity costs present in a particular keyboard 

configuration, the assessment of complex integrated technological systems developed by 

political institutions is rather difficult to quantify. The case study identifies RLV and 

SSTO technology under the X-33 and Orbital Space Plane programs as the foregone 

alternatives relative to the legacy-based expendable technologies as represented in the 

Shuttle and EELV programs. Additional foregone alternatives, more in line with legacy-

derived technology during the time period include orbital fueling depots, and the so-

called Jupiter-DIRECT launch configuration.  Several aspects however make an 

opportunity cost assessment difficult for these alternatives. First, these programs were 

developed under contracting mechanisms and policy environments that differed 

significantly from their legacy-derived expendable cousins and second, the programs 

were cancelled before any planned demonstration flights. The lack of real world data 

regarding developmental and operational costs of these systems makes an opportunity 

cost analysis largely speculative.  

This assertion is reinforced by lessons learned from similar projects undertaken 

by the DOD, such as the fifth generation F-22 and F-35 fighter aircrafts. These projects 

demonstrate the tendency for each generation to become progressively more expensive 

through path dependent factors such as limited markets, sunk costs, and learning effects 

despite the explicit goal of lowering system or per unit costs.  This outcome suggests that 

spaceflight systems under the current institutional and contracting environment may be 

inherently expensive into the foreseeable future. 
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 In sum, the limits of a path dependent framework as applied to the case study 

suggest several areas for future research. These include a closer examination of critical 

junctures in relation to the direct and contextual factors that led to the development of 

Shuttle technology, and the human spaceflight program in general, and opportunity costs 

in relation to the evolution of spaceflight technology and its foregone alternatives. 

Understanding both opportunity costs and greater long term causal factors will be an 

important dimension to considering the implications of both path dependent processes 

and efforts to implement policy changes to un lock such path dependent processes. 

 
 
8. Conclusion. 
 

This essay set out to characterize the inertia that NASA and the greater space 

sector carry through their history and structure, and how such inertia impacts the 

evolution of core technologies in the human spaceflight program. Through the lens of 

path dependence, this essay found that self-reinforcing dynamics operate in several 

critical modes to shape the trajectory of technological evolution. First, technology is 

generally defined by the dynamic of learning effects, which has been shown to operate 

both in industry and agency contexts, creating path-specific innovation and entry and exit 

barriers, which limits technological diffusion. Second, sunk and fixed costs present in the 

political arrangements in Congress and in its immediate policy environment perpetuate 

these specific technologies over time and through otherwise adverse policy disruptions. 

And third, the implication of adaptive expectations suggest that both NASA and the 

sector as a whole are responsive to the expectation of constrained or expanded resource 
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environments, which, coupled with time horizons generally results in the selection of 

legacy systems over advanced technology programs.  

These dynamics suggest that any approach that seeks to either open or avoid 

technological lock-ins would need to address or uncouple the hidden assumptions 

underpinning the practices, culture, and politics of these processes in each functional 

arena. Such an approach would likely focus on a greater role for independent scientific 

and technical advisement, budget reform, and capabilities-based technological 

investment. Further, expanded research of greater systemic influences including culture, 

advocacy-based politics, and the nature of technological economics will be required to 

better understand the implications of any path-breaking efforts. 

  The history of space exploration in the U.S. has been defined by the 

achievements and failures of NASA and the space sector, which have locked them both 

into a set of suboptimal outcomes that prevent the transform and continuation of the 

mission. A new era that is defined by the recent emergence of commercial space firms, 

with capabilities in everything from launch vehicles and tourism to asteroid capture and 

mining is challenging years of entrenched interests and notions of what space exploration 

can be. In this fluid environment, an emphasis on innovative and dynamic partnerships, 

such as programs with rapidly developing countries, will help to offset declining public 

budgets and enable more diverse programs in space. Furthermore, an emphasis on 

international cooperation with non-traditional partners will also reinforce these gains and 

propel future missions based on the common interests of science, technological 

advancement and discovery. If NASA’s charter to push the frontiers of technological 
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development and space exploration remains vital, then a reinvigoration of the ideas, 

culture, expectations and processes is necessary. 
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