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Introduction 

Aligning goals at large organizations is critical to achieve efficient 

execution of objectives. The goal alignment flowchart set out in this paper 

illustrates how different stakeholders affect NASA's current actions and 

proposes some improvements. The proposed recommendations are 

essential to meet the growing needs of a booming U.S. space economy 

and presence. Viewing the entire space entry process through this broad 

lens increases our understanding of NASA’s goals. 

This paper draws examples from programs and decisions throughout 

NASA’s history, focusing on the present to make the most up-to-date 

recommendations to inform the goal alignment process and propose 

specific areas of improvement. Examples from the James Webb Space 

Telescope (JWST) program are used, as this is one of the most notable 

current NASA programs along with Artemis. 

 

 
Figure (1): James Webb Space Telescope1 

 
1 Gohd, C. (2021, December 20). What will the James Webb Space Telescope reveal to us about dark 
matter? Space.com.  
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Organization of NASA2  

The National Aeronautics and Space Administration (NASA) was 

founded in 1958 to coordinate United States efforts to peacefully explore 

and capitalize on outer space. Today, it operates with several divisions to 

organize the administration’s efforts to meet primary strategic goals, 

dubbed the Mission Directorates. The human exploration and science 

divisions require the most strategy consideration and policy making. They 

typically manage the large NASA projects, are subject to the most 

stakeholder opinions, and will therefore be the predominant focus of this 

paper on NASA strategy. 

 The Human Exploration and Operations Mission Directorate 

(HEOMD) administers all U.S. manned missions and related activities. The 

division manages the International Space Station, coordinates manned 

commercial space flight, and improves launch and deep space capabilities. 

The Science Mission Directorate (SMD) studies our planet, solar system, 

galaxy, and universe to understand the past, present, and future of the 

world in which we exist. Four specific divisions form SMD. Earth Science 

focuses on our home planet, studying weather and climate patterns to 

determine what processes affect Earth’s systems. Planetary Science 

focuses on the other planets in our solar system, searching for 

extraterrestrial lifeforms and the potential for human habitability. 

Heliophysics researches the sun and its resulting space weather to protect 

against catastrophic events on Earth or to space explorers. Finally, 

Astrophysics uses space-based observatories to answer questions about 

our origins and the extent of the universe.  

 
2 Dollar, A. (2015, April 7). NASA Overview. https://www.nasa.gov/offices/olia/overview 
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Other Mission Directorates and supporting NASA divisions advance 

NASA’s goals and programs managed by HEOMD and SMD. The 

Aeronautics Research Mission Directorate (ARMC) improves aircraft 

capabilities by adding performance, enhancing safety, and advancing 

efficient transportation. The Space Technology Mission Directorate (STMD) 

addresses technology barriers to reaching U.S. space goals, identifying 

problems, and developing solutions. The Office of Education (OE) ensures 

that cutting-edge technology and space developments are recognized and 

disseminated at an educational level nationally. The OE also encourages 

student interest in science and technology from a young age, aiming to 

expand the future engineering workforce. Finally, all the facilities and 

research centers from across the country provide in-house development 

and testing.  

NASA Strategy Stakeholders 

 Five identified stakeholders are vital to understanding space strategy, 

and NASA must consider the opinions and needs of each of these 

stakeholders: politicians, public, experts, contractors, and underlying 

administration goals. It is a tricky balancing act to satisfy everyone, which 

leads to debate and tradeoffs throughout the process.  

 Politicians and the public are perhaps the most critical stakeholders 

to consider for human exploration objectives. These are typically more 

straightforward goals used to “rally Americans around a common cause, 

and give the public a vision for something beyond themselves.”3 The Apollo 

 
3 Steinberg, A. (2011). Space policy responsiveness: The relationship between public opinion and NASA 
funding. Space Policy, 27(4), 240–246. 
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and Artemis programs are prime examples of presidents taking decisive 

action to form a national goal. Going to the moon harnesses and boosts 

patriotism among citizens. While politicians and public opinion should align 

in theory, there is still disagreement between the two groups, usually 

relating to the public’s desire for lower taxes and a reduced NASA budget. 

The two stakeholder groups may also disagree on mission direction, as 

“some members of the public argue that NASA should invest significant 

resources in a series of human missions to Mars… [to] encourage K-12 

students to become more interested in obtaining a higher-quality science 

education,”4 compared to the Artemis program. 

 Experts are typically concerned with the objectives and direction of 

the Science Mission Directorate. While not the actual client of a mission, 

universities and research lab principal investigators from across the country 

best know the needs for space missions. For example, the James Webb 

Space Telescope’s results will heavily influence an astrophysics 

department at a university, which understandably expects that the 

telescope should meet the department’s needs. Therefore, expert scientists 

form 3rd party groups to sway NASA strategy, which drives specific 

programs to completion based on scientific benefit. The largest and most 

influential group is the National Academies of Science, Engineering, and 

Medicine (NASEM), for which NASA promises to be “guided by the 

recommendations… [and] responsive to national priorities.” in their 

strategic plan.5 Within NASEM's Division of Engineering and Physical 

Sciences, the Space Science Board (SSB) “oversees advisory studies and 

 
4 Arvai, J. L., McDaniels, T., & Gregory, R. (2002). Exploring a structured decision approach as a means 
of fostering participatory space policy making at NASA. Space Policy, 18(3), 221–231. 
5 Science 2020-2024 - NASA, from https://science.nasa.gov/ 
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program assessments, facilitates international research coordination, and 

promotes communications on space science and science policy.”6 Most 

notably, SSB creates Decadal Surveys of current science needs and 

makes recommendations in decadal increments. These will typically be 

groundbreaking publications that inform the future direction of NASA.  

 NASA has contracted out most engineering work with the 

privatization of space over the past several decades. Although not directly 

influencing any NASA decisions, large government space contractors such 

as Northrop Grumman and Lockheed Martin act as the “prime” contractor 

on the work. These companies, the critical suppliers of executable work, 

can also play a role in space strategy. While NASA has tens of thousands 

of employees, there are hundreds of thousands more private employees 

working on NASA administered and funded programs.7 NASA gains public 

and political support through these private economic incentives and 

stimulus, but then the administration also relies on private industries to 

follow through on work, specifically with time and budget constraints. 

Finally, there are fundamental and intangible goals. NASA adheres to 

the National Aeronautics and Space Act of 1958, which established the 

organization in the first place. It states that, “aeronautical and space 

activities of the United States shall be conducted so as to contribute 

materially to one or more of the following objectives” and goes on to list ten 

benefits that space can provide to humanity.8 Some of these include the 

expansion of human knowledge, search for life, and the preservation of the 

 
6 About the Space Studies Board. National Academies from 
https://www.nationalacademies.org/ssb/about 
7 Northon, K. (2020, September 25). NASA report details how agency significantly benefits US economy.  
8 OLRC Home, from https://uscode.house.gov 
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role of the United States as a leader in aeronautical and space science. 

There are also intangible goals such as, “fulfilling the human desire to 

explore, inspiring youth and adults, and nurturing a sense of national pride,” 

as described by authors Arvai, Gregory, and McDaniels.9 

Proposed Goal Alignment Structure 

Goal alignment is critical in an organization as large and with as 

many programs and objectives as NASA to keep every work effort on task. 

Due to the numerous stakeholders involved with significant decisions and 

the ability of politicians to cut the administration’s funding, it is critical to 

prove how each mission will directly support or progress NASA’s goals that 

are agreed upon by the stakeholders. If a congressman asks why X dollars 

must be spent on Y research or contract, NASA must provide a clear and 

concise answer. Due to civil space efforts in the United States ranging in 

objectives and leadership, it can be difficult to formulate one common plan. 

However, while NASA and commercial undertakings have different 

predominant stakeholders, the science and realities of human exploration 

of space are the same. So, they both can follow the same structure when 

prioritizing efforts and aligning goals. 

NASA efforts and goals should be traceable through the following 

proposed flowchart, below. There are four levels to the goal alignment (0, 

1, 2, and 3), where each has a unique purpose in narrowing down multiple 

specific objectives from one higher level goal. There is a set “Responsible 

Stakeholder” for that role, who should be the most knowledgeable and 

 
9 Arvai, J. L., McDaniels, T., & Gregory, R. (2002). Exploring a structured decision approach as a means 
of fostering participatory space policy making at NASA. Space Policy, 18(3), 221–231. 
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predominant stakeholder in each scenario. There is a summarized 

recommendation on how to improve the level listed on the flowchart, which 

will be explained in depth for the remainder of this paper. 

 

 
Figure (2): Proposed Goal Alignment Flowchart 

 

 Level 1 goal alignment is about the big questions and national rallying 

relating to space: Let’s go to the moon! Or Is there life out there? Level 2 

takes those goals and describes objectives to achieve or answer Level 1 

via specific programs and mission/payload requirements. Level 3 breaks 

down the high-level requirements and comes up with the technology 

required to achieve them, development and fabrication procedures, and the 

cost and schedule of the project. This paper will circle back to Level 0: a 

cohesive U.S. national civil space strategy and propose NASA’s 

decentralized but unified goal. 
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Level 1: Big Questions and Goals  

For human exploration, President Kennedy set a Level 1 goal when 

he declared our “nation should commit itself to achieving the goal, before 

this decade is out, of landing a man on the moon and returning him safely 

to the Earth.”10 Several decades later, President Reagan proposed 

operating a “permanently manned space station and to do it within a 

decade.”11 Whereas a mission to the moon was a representation of a 

national competition versus the Soviet Union, the ISS conception was “a 

tribute to American teamwork and excellence… [so] we can be proud to 

say: We are first; we are the best; and we are so because we’re free.”12 In 

these cases and others, Presidents have used space travel to ‘rally around 

the flag’ and build political support and national pride.13 

For science, Level 1 asks the big questions, some of which are laid 

out by NASA’s 2007-2016 Science Roadmap: How is the global Earth 

system changing? What are the characteristics of the solar system that led 

to the origin of life? What are the Origin, Evolution, and Fate of the 

Universe? Is There Life Elsewhere?14 These objectives appeal to the 

public’s sense of curiosity. JWST, for example, “will answer astronomy's 

biggest questions,” including: What were the first stars and galaxies like? 

How do stars come to form deep within a dusty nebula? 

 

 
10 This Day in history: Kennedy's Moon Speech: Human world. EarthSky. (2021, May 25), from 
https://earthsky.org/space/this-date-in-science-kennedy-speech-ignites-dreams-of-moon/  
11 Mars, K. (2020, January 22). Space station 20th: Historical origins of ISS. NASA. Retrieved December 
20, 2021, from https://www.nasa.gov/feature/space-station-20th-historical-origins-of-iss  
12 (Mars, 2020) 
13 Mueller, J. E. (2014, August 1). Presidential popularity from Truman to johnson1: American political 
science review. Cambridge Core. 
14 NASA. Science strategy. NASA, from https://science.nasa.gov/about-us/science-strategy/ 
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These Level 1 goals are set by NASA’s true customer: the public, 

which pays taxes to fund such research and development. This is a 

suitable place for the public to chime into the conversation about NASA 

strategy and agenda, as the average citizen would not care or understand 

enough to get any more involved. However, as true with other 

governmental roles, the politicians we elect to represent us handle the 

details of Level 1 goal setting. While NASEM’s 2001 Astronomy and 

Astrophysics Decadal Survey prioritized JWST (and was reaffirmed by the 

2010 survey), the President has the responsibility to allocate NASA funding 

for the program.15 Furthermore, both the House and Senate must approve 

funding on behalf of their constituents. The dilemma here is that politicians 

have other interests in mind, serve relatively short terms, and are not 

usually the experts in the situation.  

The paper Human Spaceflight and Presidential Agendas: Niche 

Policies and NASA by Roger Handberg describes how “the agency has 

repeatedly risen to the level of presidential attention but generally in the 

context of a crisis, some on occasion external to the space program.” 

Conducted analysis shows the numerous presidential decisions that altered 

NASA operations from 1958 to 2014, shown in Figure (3). There is a broad 

range of resolutions and outcomes, both positive and negative. “N” in the 

“Supportive” column marks notable events: the resolutions that ended up 

reorganizing, descoping, or canceling programs. 

 
15 GAO-06-634 NASA's James Webb Space Telescope: Knowledge..., www.gao.gov/assets/gao-06-634 
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Figure (3): Instances of Presidential Intervention in NASA (Handberg)16 

 

 External non-science-related considerations also plagued JWST. 

Journalist Keith Cowing describes some of the politics behind its funding at 

the time of debate: “Every time NASA mentions a cost for JWST it is higher 

than the previous cost. Now NASA wants to take human spaceflight funds 

to help pay for JWST which means less money available to build the Space 

 
16 Handberg, R. (2014). Human spaceflight and presidential agendas: Niche policies and NASA, 
opportunity and failure. Technology in Society, 39, 31–43. 
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Launch System (SLS)... But NASA does not really want to build the SLS 

(nor does the White House) since it is simply a re-imagined variant of Ares 

V - a rocket that NASA already halted. The Senate is forcing the SLS down 

NASA's throat.”17 

NASA’s ability to perform as an effective science-driven program is 

diminished because, “space policy is only successful in seeking 

presidential support when it is directly and publicly linked to current 

presidential priorities.”18 This is inefficient in some cases, where partially 

completed projects get canceled at the whims of politicians. For example, 

the New Millennium program was given no funding in the 2011 budget by 

the Bush Administration and 110th congress, leading to six of the twelve 

planned missions never flying.19 This understandably causes frustration 

and wasteful spending within NASA, as none of the work and planning 

towards the canceled missions was used and there are unexpected close-

down expenses.20  

Multiple recent presidential efforts to reach the moon set another 

example of such inefficiency. Set in place by President Bush in 2004, the 

Constellation program aimed to place humans on the moon by 2020 for 

$230 billion, among other objectives. Due to such a high price tag, 

President Obama shut down many aspects of the program in 2010, 

including the moon landing portion. That decision faced criticism among the 

aerospace community. With the next administration 6 years later, Trump 

subsequently reinstated the goal to return to the moon with the Artemis  

 
17 Keith Cowing. Congress: August 2011 archives. NASA Watch, from 
http://nasawatch.com/archives/congress/2011/08/ 
18 (Handberg, 2014) 
19 Shiga, D. (2008, February 5). NASA calls for ambitious outer solar system mission. New Scientist.  
20 (Shiga, 2008) 
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program. While taking some improvements over Constellation, the mission 

architecture largely follows its predecessor. President Biden currently 

supports Artemis and continues its funding. This roadblock in the sequence 

of events under the Obama administration may have resulted in increased 

private development to improve the program’s structure, but unfortunately 

set the moon landing date back by at least five years and undoubtedly 

caused spending inefficiencies.21 

The first Level 1 recommendation is to constrain politicians in their 

willingness to politicize and disrupt NASA programs. As they should be 

aware of the long timelines that space programs take to develop and 

launch relative to presidential term limits, Presidents should be less 

partisan in their efforts to control NASA programs. For the prior example, if 

Obama had modified Constellation as he did but kept the moon landing 

goal in effect, it would have streamlined the process from his administration 

to Trump’s and Biden’s policy. This is an extremely difficult inefficiency to 

remove, as no administration can assure continuity or predict future 

programs. Measures such as temporarily pausing programs or reducing 

funding to minimal research and development will begin to address the 

issue. 

Zooming back out to the public constituents of these politicians, we 

shall consider their interest in the programs for a second Level 1 

recommendation. As space policy rarely makes the stage prominently in a 

campaigning President’s agenda, the public gets little consideration in the 

general election towards NASA funding allocation and program execution.22 

 
21 Wikimedia Foundation. (2021, December 18). Artemis program. Wikipedia. 
22 (Handberg, 2014) 
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When answering these top Level 1 questions it would be beneficial to 

simply ask the public: What questions do you want answered? Do you want 

the United States to return to the moon? Certain states have placed ballot 

measures about national issues regarding federal spending or 

constitutional positions. For science related NASA policy, it would similarly 

be interesting to gather the public’s opinion on which of the top questions 

should be top prioritized: Are we alone? How did we get here? How does 

the universe work? 

Level 2: Missions and Requirements 

Once the big Level 1 questions and goals are in place, the next 

logical step is to determine how to achieve such feats of science and 

engineering. Effective Level 2 goal alignment is critical for NASA: an 

organizational strategy, leadership buy-in, and priorities must be 

established, typically accomplished through several methods. NASEM’s 

decadal surveys, as previously described, are released every ten years by 

U.S. university and research scientists, detailing specific missions that they 

deem top priority and worth funding. NASA can also release its own plans 

as “Roadmaps” for forward progress. External organizations such as the 

National Science Foundation (NSF) also can influence the process, both 

directly through grants for research and indirectly through third party think 

tanks and opinion agencies. Finally, the development and testing of new 

technology itself can also influence these goals: what is the maximum 

aperture we can achieve with the lens? Is the resulting designed telescope 

feasible to place on any existing rockets? 

This process is a give-and-take, as the best solutions and missions 

are debated and critically analyzed. Experts are the sole Responsible 
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Stakeholders at this stage, with the public, politicians, and contractors all 

incapable of making the necessary decisions. However, it is necessary that 

everyone at least contribute. Politicians fund the projects and so the 

Experts must convince them of the importance of the expenditures. 

Contractors who will eventually complete the work must be consulted to 

determine what is possible. Public support must be gained at all stages of 

the process. At the end of the day, though, it is the expert scientists at 

NASEM, NASA, NSF, etc. who decide which missions will launch to 

achieve our main Level 1 goals. 

 Decadal surveys have proven a reliable and effective way of 

communicating scientist’s opinions to influence NASA priorities and 

activities since the administration's inception in 1958. Through this process, 

the National Research Council (NRC) “conducts studies that provide a 

science community consensus on key questions posed by NASA.”23 The 

process solicits public feedback, gathers information from outside 

organizations (such as the National Oceanic and Atmospheric 

Administration and the U.S. Geological Survey), and reviews recent 

scientific literature. Committee members then have closed meetings to 

develop a cohesive consensus and path forward.24  

 The American Institute of Physics conducted a review of recent 

decadal surveys in each of SMD’s four divisions and concluded, “the 

committee found no evidence of dissatisfaction about the outcome of a 

decadal process of prioritizing science activities.” Nobody, “suggested the 

outcome was capricious or arbitrary, tied to the composition of the relevant 

 
23 NASA. Decadal survey. NASA, from https://science.nasa.gov/earth-science/decadal-surveys 
24 Our Study Process. National Academies, from www.nationalacademies.org/about/our-study-process 
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survey committee, or not representative of a community consensus of its 

highest-priority science goals.”25 This process is highly regarded in the 

space policy and strategy community, but it is not perfect.  

The first recommendation to improve Level 2 goal alignment at NASA 

is to slightly descope the expected result of the Decadal Surveys, in terms 

of both specificities of programs and cost estimates. Decadal Surveys are 

ambitious, projecting work beyond the next ten years. This is beneficial, as 

plans must overlap from decade to decade, but Decadal Surveys can 

sometimes be too decisive too soon. No one knows the technology 

available 10+ years into the future or the rate at which technology will 

develop. Additionally, the scope of programs can change significantly over 

time based on external events and developments. Therefore, it is essential 

to remember that the science, “is being prioritized in a decadal survey, not 

any particular design for a mission or facility,”26 Because of this, some 

suggest curtailing budget issues by “confining future decadal survey 

programs within a number of budget scenarios based on a realistic 

baseline that reflects anticipated long-term funding levels for NASA.”27 The 

process can be improved to better adapt to future scenarios through a 

slight reduction of both specificity and budget estimates that Decadal 

Surveys present.  

 Once Decadal Surveys are created, NASA follows the proposed 

missions in a relatively less organized and structured process. For science, 

NASA has released various strategies, guidelines, roadmaps, and 

 
25 National Academies examines lessons learned from decadal surveys. American Institute of Physics. 
(2015, September 4), from https://www.aip.org/fyi/2015/national-academies-examines-lessons-learned-
decadal-surveys  
26 (National Academies examines lessons learned from decadal surveys 2015) 
27 (National Academies examines lessons learned from decadal surveys 2015) 
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responses as next steps.28 The second recommendation, unrelated to the 

Decadal Survey process itself, is improving NASA’s response to expert 

opinions by better laying out their direct action items, specifically by 

increasing the use of roadmaps. This type of plan “emphasizes the 

identification and prioritization of space missions and articulates the 

research program in detail, as well as describing the research solicitation, 

advanced technology, data management, and related activities required to 

achieve [goals].”29 Such documents are another way to mend the 

conundrum of predicting future specificity, as roadmaps can further refine 

the plans laid out by decadal surveys but can be updated more frequently. 

 A prime example of such a NASA released roadmap is the 2007-

2016 SMD Science Plan, which explains how the administration will turn 

“vision into scientific discovery.”30 The report lists detailed objectives that 

will answer the top Level 1 objectives, such as: “measure the metal 

enrichment of the diffuse intergalactic and interstellar media” or “precisely 

determine the cosmological parameters governing the evolution of the 

universe.”31 It then describes all the missions that fit or contribute to any of 

the objectives; Figure (4) shows them in a timeline, detailing when each will 

be in operation. The specific related objectives are noted, and a short 

description is given for each mission, as seen in Figure (5). The report goes 

on to provide the same roadmap for heliophysics, earth science, and 

planetary science divisions.  

 
28 NASA. Science strategy, from https://science.nasa.gov/about-us/science-strategy/ 
29 (NASA, Science strategy) 
30 NASA. Science Plan For NASA’s Science Mission Directorate 2007–2016 
31 NASA. Science Plan For NASA’s Science Mission Directorate 2007–2016 
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Figure (4): Timeline of Astrophysics Missions 

 
Figure (5): Astrophysics Future Mission Summary 
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Detailed information about programs is determined from this 

roadmap. By knowing the type of data that a mission is aiming to collect, it 

is easier to pinpoint exact mission requirements and assess the technical 

difficulty of such a task. For example, “the JWST system shall provide at 

least 30,556 hours of prime exposure time on scientific targets over 5 

years… [and] spectral coverage shall extend from 0.6 μm to 27 μm.”32 

These quantitative values will get passed on to the contractors in Level 3. 

The missions and requirements phase of the goal alignment structure 

should be improved through survey modifications and more structured 

NASA responses to development. 

Level 3: Technical Development 

 Spacecraft must be created after major Level 1 goals are 

disseminated through Level 2 to finalize specific mission requirements. 

Level 3 is the process of NASA translating its vision into the private sector 

to design, fabricate, integrate and test the spacecraft. Currently, NASA has 

approximately $69 billion in contracts with engineering companies to 

complete programs by delivering payloads for launch.33 Figure (6) lists the 

top twelve “Prime Contractors” by contracted dollar value in 2020 alone. 

From here, companies will subcontract further, breaking up the work into 

smaller packages to complete and integrate into the final assembly. The 

private industry has its own entirely separate method to align the goals 

between the contractors on a program, which is outside the scope of this 

 
32 Goddard Space Flight Center. (2007, October 17). James Webb Space Telescope Project Mission 
Requirements Document. Retrieved from https://spacese.spacegrant.org/ 
33 United States Government Accountability Office. (2021, May). Assessments of Major Projects.  
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paper. The private goal alignment focuses on the relationship and 

communication between NASA and the prime contractor.  

 

 
Figure (6): Top 12 Prime Contractors in FY202034 

 

The central problem facing Level 3 goal alignment is completing 

projects as quoted. Between the three key dimensions to project success 

(quality, cost, and schedule), NASA cares most about quality above all else 

to ensure missions are successful. For this reason, there have been major 

overruns in both budget and time as technology development proves to be 

more difficult and problems arise during fabrication. The Government 

Accountability Office (GAO) conducted a study of NASA’s major ($250m+) 

projects and found a cumulative cost growth of $9.6 billion over the past 

 
34 Top space administration 20. Retrieved from https://www.osbp.nasa.gov/docs/top20_2020_contractors 
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five years.35 With contractors not meeting promises, NASA must pass the 

news along to Congress, tarnishing the reputations of both the 

administration and its contractors. Because programs initially are only 

funded based on their projected budgets, cost overruns require NASA to 

either request more funds from politicians or reallocate its budget, usually a 

combination of both. If neither is possible, the program may be canceled, 

which wastes much of the previously devoted resources. 

Budget and schedule overruns plagued JWST. Approximately half of 

the $9.6 billion cost growth is from Webb itself.36 Development of JWST 

was originally estimated at about $5 billion, with actual costs now 

approaching $10 billion. It is also approximately 90 months late to launch. 

The overruns were mainly due to sun shield actuator deployment, 

environmental testing delays, and Ariane rocket anomalies.37 However, 

before launch, the telescope must meet its reliability requirements: “No 

single part failure shall cause total loss of a function or prevent access to 

extant redundant functionality.” and “The Spacecraft and OTE shall have a 

combined reliability goal of 0.920.”38 If not, it must be delayed further. 

JWST leadership had to both request more funds from NASA and obtain 

additional resources from a reallocated NASA budget. A bill approved by 

the House Committee on Appropriations passed in 2011 threatened to cut 

funding entirely.39 Additionally, even the NASA administrator at the time, 

Jim Bridenstine, “acknowledged that the Webb delays will force NASA to 

 
35 (United States Government Accountability Office, Assessments of Major Projects 2021) 
36 (United States Government Accountability Office, Assessments of Major Projects 2021) 
37 (United States Government Accountability Office, Assessments of Major Projects 2021) 
38 (Goddard Space Flight Center, James Webb Space Telescope Project Mission Requirements 
Document 2007) 
39 NPR. (2011, July 15). Funding for James Webb Space Telescope in jeopardy. NPR.  
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“cannibalize” funding meant for other missions.”40 Strongly illuminated by 

JWST, NASA’s record for running over budget and schedule leads to 

project uncertainty and reflects poorly on the agency. 

 The first recommendation for Level 3 is for NASA to follow GAO 

recommendations more strictly to rectify cost and schedule estimates. In a 

May 2021 study, the GAO found that, “NASA has not fully addressed 21 

recommendations as of March 2021” of their findings on previous reports.41 

Some of the most important recommendations relate to following proper 

standards and best practices during design, typically broken into several 

phases. The GAO found a major issue with the PDR and CDR stages of 

design, which NASA must rectify across their programs.  

 A preliminary design review (PDR) reviews conceptual work and 

identifies places of high risk before moving into detailed design. The 

Technology Readiness Level (TRL) assesses technology maturity, where 

TRL 1 refers to the beginning of scientific development, to TRL 9, “flight 

proven.”42 The GAO found that programs had typically tended to 

prematurely attempt to prove technology readiness at higher levels than 

described by the TRL scale. Such bias led to demonstrating that “the 

technologies can perform as needed under realistic conditions before 

committing to use them in the system.”43 Later in the design cycle, a Critical 

Design Review (CDR) is presented where 90% of engineering drawings are 

supposed to be complete. However, the GAO found that the average was 

 
40 Achenbach, J. (2021, October 27). Northrop Grumman CEO is grilled about James Webb space 
telescope errors. The Washington Post.  
41 (United States Government Accountability Office, Assessments of Major Projects 2021) 
42 Dunbar, B. (2015, May 6). Technology readiness level. NASA. Retrieved from 
https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level/ 
43 (United States Government Accountability Office, Assessments of Major Projects 2021) 
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70% drawing completion before the CDR date. Both issues during PDR 

and CDR leave a spacecraft design more unfinished than according to best 

design practices. This results in late changes and instability in the design, 

which usually causes schedule delays and cost overruns during assembly 

and testing.44 

The second recommendation for Level 3 goal alignment is contingent 

on external stakeholders. Both NASA and contractors can assign a budget 

and scheduled estimate to the project, but both are aware that this is just 

an estimate. The public and politicians don’t truly understand the inherent 

instability and risk associated with creating new technologies necessary to 

complete these advanced projects. While JWST had a price tag that was 

projected and approved, it also had at least ten identified technologies 

deemed new “inventions”.45 These are of the likelihood of microshutters: 

“tiny doorways the width of a few hairs that will allow scientists to remotely 

and systematically block out unwanted light” or wavefront sensing and 

control: “a set of algorithms (complex mathematical equations) and 

software programs that will help determine the best position for each of the 

telescope's mirrors.”46 One cannot perfectly know how long it will take to 

invent new technologies. Therefore, NASA and its contractors should clarify 

this uncertainty in their budget estimates. They need to set expectations so 

that politicians and the public are not so surprised when such cutting-edge 

development goes over budget. A cookie-cutter approach cannot be used 

to complete JWST and other similar projects. 

 
44 (United States Government Accountability Office, Assessments of Major Projects 2021) 
45 Dunbar, B. Ten inventions created for James Webb Space Telescope approved. NASA. Retrieved 
December 20, 2021, from https://www.nasa.gov/vision/universe/starsgalaxies/webb_technologies.html 
46 (Dunbar, Ten inventions created for James Webb Space Telescope approved) 
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Attempts at a Cohesive Space Strategy 

 Now that we have reviewed Levels 1, 2, and 3 in the proposed goal 

alignment structure, it is time to revisit Level 0: a cohesive NASA strategy. 

While some argue that subsequent levels 1-3 cannot possibly succeed 

without a cohesive level 0, review of previous attempts at a cohesive U.S. 

space strategy will ultimately show the impracticality of such a concept. 

Finally, a new decentralized NASA objective will be proposed. 

In the essay Political Challenges of Space Strategy, Robie Samanta 

Roy describes a, “growing call in the United States for the development of a 

single national space strategy” and that, “without a strong coordinating 

focal point for implementation at the Executive Office of the President, the 

goal of a strategy to coherently tie ends, ways, and means together may 

not be fully achieved.”47 Other intellectuals, critics, researchers, and think 

tanks across the country agree. The Committee for U.S. Space Leadership 

recommended to the Obama Administration to “develop a National Space 

Strategy to define the best ways and means to achieve your space policy 

goals and objectives.”48 In their report Leadership, Management, and 

Organization for National Security Space, the Institute for Defense 

Analytics emphasized the need for the “establishment and execution of a 

national space strategy that would integrate various participants, establish 

lines of authority and accountability, and delineate priorities.”49 The GAO 

stated, “until a national strategy is issued, the defense and intelligence 

communities may continue to make independent decisions and use 

 
47 Sadeh, E., & Roy, J. (2013). Political Challenges of Space Strategy. In Space strategy in the 21st 
Century theory and policy. essay, Routledge, pg 40. 
48 Sadeh & Roy, Political Challenges of Space Strategy 2013, pg 40. 
49 Sadeh & Roy, Political Challenges of Space Strategy 2013, pg 41. 
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resources that are not necessarily based on national priorities, which could 

lead to gaps in some areas of space operations and redundancies in 

others.”50 U.S. Air Force General Richard Meyers wrote, “development of a 

national space strategy… would serve as a guide for the entire government 

on how to further pursue space capabilities.”51 Professor Everett Dolman 

even proposes, “a national space coordination agency should be 

established to define, separate, and coordinate the efforts of commercial, 

civilian, and military space projects. This agency would also define critical 

needs and deficiencies, eliminate non-productive overlap, take over the 

propaganda functions iterated in step one above, and merge the various 

armed services space programs and policies where practical.”52 There is   

consensus among these and many other experts: we need a national 

space strategy. 

 All these promotions of a cohesive strategy have led to numerous 

attempts at one. The first attempt was the 1958 founding of NASA with the 

National Aeronautics and Space Act. That act “directed that space benefit a 

varied set of national objectives, such as science, education, commerce, 

ground propulsion, people with disabilities, the tracking and prevention of 

hazards from near Earth objects, and manufacturing.”53 The act fails to 

specify “national objectives,” such as the competition against the Soviet 

Union at the time, or how it relates to foreign policy. Another widely 

regarded attempt at a cohesive space strategy was President Kennedy’s 

speech in 1961 to declare a moon landing by the end of the decade, which 

 
50 Sadeh & Roy, Political Challenges of Space Strategy 2013, pg 42. 
51 Sadeh & Roy, Political Challenges of Space Strategy 2013, pg 42. 
52 Dolman, E. C. (2002). Astropolitik: Classical geopolitics in the space age. Cass. pg 155. 
53 Sadeh, E., & Moltz, J. (2013). Space and Strategy: From Theory to Policy. In Space strategy in the 
21st Century theory and policy. essay, Routledge. Pg 23. 
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gave a clear and unified goal with a specific purpose and measurable 

achievements. However, Kennedy’s speech is criticized as not being a true 

strategy because of its short-term target and failure “to provide a broader 

plan for space and a clear reason for seeking to stay on the Moon or 

explore the solar system.”54  

Other administrations have also offered their own attempts. President 

Carter issued Presidential Directive NSC-37 in 1978 with a list of “core 

principles” that the U.S. should follow in space. However, “some sections 

still remain classified, and the document was not meant for public 

distribution, which severely limited its potential value as a comprehensive 

strategy.”55 After the Cold War, the outlook toward space changed without 

the Soviet Union as a competitive motivation, and so President Clinton 

began to emphasize strategic goals and national policy in space. However, 

none came to fruition as a cohesive strategy. Obama’s 2011 National 

Security Space Strategy merely, “charts a path for the next decade to 

respond to the current and projected space strategic environment.”56 

 Critics of any plan would say all are just a combination of different 

individual goals and contain “frequent internal contradictions between goals 

exclaiming ‘peaceful purposes’ and military plans, objectives, and 

warnings.”57 No space strategy has succeeded in all aspects and 

maintained decade long support or relevance. 

 

 

 
54 Sadeh & Moltz, Space and Strategy: From Theory to Policy 2013, pg 24. 
55 Sadeh & Moltz, Space and Strategy: From Theory to Policy 2013, pg 24. 
56 Odni Home. Retrieved December 20, 2021, from https://www.dni.gov/index.php/newsroom/reports- 
publications/reports-publications-2011/item/620-national-security-space-strategy 
57 Sadeh & Moltz, Space and Strategy: From Theory to Policy 2013, pg 27. 
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Impracticality of a Cohesive Space Strategy 

 We have seen no space strategy prevail, as critics have argued for, 

because of the impossibility of the phrase itself: Space Strategy. Space is a 

realm, a domain, a vast area where one could transport, extract, live, 

utilize, explore, discover, communicate, etc. Space is not a political issue to 

debate, not an event to prepare for, not a decision to analyze, and not a 

unified or cohesive entity conducive to a single strategy. It is simply a place 

with many uses, a section of humanity’s world that cannot be classified or 

categorized into one simple “strategy.” As humans progress deeper and 

more frequently into space, this becomes more apparent.  

 Taking the ocean as an analogy, we can see the reasoning 

exemplified. The expansive body of water covering most of the earth is like 

space: it requires vessels to traverse, is largely unexplored, and holds vast 

resources and potential. At first, it seems reasonable to have an “Ocean 

Strategy”: we want to explore the unknown, determine new habitats, 

determine if anyone else is out there. But from the late Middle Ages, when 

sea exploration and utilization increased significantly, it has been apparent 

that a singular “Ocean Strategy” is not realistic. While coordination attempts 

are also released between the Navy, Marines, and Coast Guard, these 

have mainly focused on specific issues, such as combating aggressive acts 

by Russia and China at sea.58 There is no one U.S. goal or viewpoint 

towards the ocean - it is a realm or domain for which public, private and 

scientific exploration and utilization can occur, just like space.  

 
58 New Us Maritime Strategy – full ahead together? IISS. Retrieved from 
https://www.iiss.org/blogs/military-balance/2021/01/us-maritime-strategy 
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 Some experts agree. In his essay, Space and Strategy: From Theory 

to Policy, James Moltz compares strategies that arise in other fields and 

establishes how much more intricate and broad space is. He states that, 

“any discussion of strategy must either develop itself as a subset of some 

other existing strategy, such as nuclear deterrence or the national security 

strategy, or make the case that space should be independent.”59 A 2007 

National Defense University study concluded the difficulty of implementing 

a “theory of space power” in the military, as the “limits of experience in this 

realm to date and an unclear understanding of the nature of power in 

space.”60 Additionally, other countries do not have such unified space 

goals. Canada attempted a space strategy in 2003, and the United 

Kingdom published a Civil Space Strategy in 2008. However, “the extent 

and influence these documents have had in their respective countries” is 

unclear, especially in the context of “the intent and purpose that proponents 

of a U.S. national space strategy argue for.”61 While less outspoken and 

prevalent, the concept that a strategy in space is impractical is not 

irresponsible or ridiculous considering the broader circumstances. 

Level 0: Cohesive but Decentralized Goal 

 So, is there any hope of a cohesive space strategy? Yes, if 

considering an alternative approach that does not just employ a 

concatenation of specific goals and is neither too broad nor too specific. 

Too broad and simplistic is the goal that space should help humanity, as 

nearly anything could replace “space” in the sentence and the objective 

 
59 Sadeh & Moltz, Space and Strategy: From Theory to Policy 2013, pg 17. 
60 Sadeh & Moltz, Space and Strategy: From Theory to Policy 2013, pg 17. 
61 Sadeh & Roy, Political Challenges of Space Strategy 2013, pg 43. 
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should (hopefully) hold true. Too specific overall goals are the targets that 

previous presidents have set, like landing on the moon or ensuring national 

missile safety from space. These goals can be broken down into several 

main categories, which together describe all efforts in space and have their 

own individual goals: 

● Scientific: Discover the origins and future of our universe. 

● Human Exploration: Increase national and human presence in space. 

● Colonization: Identify locations and relocate humans from Earth. 

● Defense: Protect our country in space and warn of possible threats. 

● Transportation: Provide a rapid way to travel between distant places. 

● Resources Extraction: Augment Earth’s lack of some key elements. 

● Utility: Support ground-based navigation and communication. 

There is one underlying requirement to meet all the specific 

objectives above: movement through space. The ability to operate and 

navigate in space enables all the other objectives to exist in the realm, 

revealing NASA’s true purpose. As proposed by aeronautics author James 

Snead, NASA is simply an infrastructure project, “similar to the U.S. 

building of canals, railroads, and highways in prior periods, to enable the 

movement of people into this new realm and facilitate their work there.”62 

The realm of space requires a strategy that enables humans to get to 

space and move about. Such a goal is more specific than just helping 

 
62 Sadeh & Moltz, Space and Strategy: From Theory to Policy 2013, pg 30. 
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humanity, but also broader than each benefit of space’s individual 

categorical goals combined. 

NASA’s decentralized goal is therefore: to build the foundation of 

space utilization by supporting fellow U.S. entities' access to the domain. 

This statement can apply to public entities, like the President desiring to 

place a human on the moon. Private entities may want to bring tourists into 

the realm, which NASA should support and advocate. Scientists studying 

the origins of life can rely on NASA to help contract the work. No matter the 

U.S. organization or individual, if they are looking to access space as a 

domain with peaceful intent, NASA should be there to help. 

After NASA sets the groundwork for infrastructure development to 

enable access to space, this idea can be taken to the extreme by stripping 

the administration of many of its powers. Essentially, future activities in 

space would be broken out into their respective agencies. It is not the 

locational realm of their existence that matters, but rather the activity type 

with its own specific goals. For example, any space colonization efforts 

could be under the jurisdiction of the Secretary of State. Classic scientific 

organizations, such as the NSF or certain universities, could administer 

science missions. The Department of Commerce would be the sole 

manager of commercial activities, and remote sensing would be transferred 

to the Department of the Interior or the National Oceanic and Atmospheric 

Administration. Defense space activities are already separate from NASA, 

with infrastructure work that NASA accomplishes benefiting the intelligence 

community (such as the Space Launch System). It could even go so far as 

NASA facilities “renting” themselves out to interested clients, as part of a 

way to provide services for those attempting to enter space. NASA itself 

could be dissolved into the Department of Transportation, serving a role 
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like the Federal Railroad Administration or the Federal Aviation 

Administration. This hypothetical scenario paints a picture of NASA as a 

facilitator in a future where space travel is so accessible and commonplace 

that many individual entities have the capabilities to launch their own 

programs with, or without, the help of NASA. 

 Therefore, a NASA approach to strategy should no longer be an 

emergent combination of all other organizations’ goals, but rather ways to 

broadly help U.S. space access. In Space Strategy and Strategic 

Management, Kurt Heppard and Steve Green argue for a “capabilities-

based national space strategy embedded in an overall strategic 

management process for space,” because it “provides an approach with a 

robust theoretical background and relatively high level of familiarity with 

those in the national space community.”63 Essentially, NASA should 

determine what overall capabilities we want to determine primary 

objections as Level 1 goals.  

The prime example of this is to reduce launch costs, an effective way 

to reduce the barrier of access to space. Figure (7) displays the launch 

costs to enter space since the 1980s and projected future path that follows 

the trend. A resulting Level 1 goal is to reduce costs to $100/kg by the end 

of the decade, which would far beat the current estimate. While NASA is 

already working on reducing launch costs, placing a heavier emphasis on it 

would align their goals with the overall Level 0 cohesive strategy: to build 

the foundation of space utilization by supporting fellow U.S. entities' access 

to the domain. 

 
63 Sadeh, E., Heppard, K., & Green, S. (2013). Space Strategy and Strategic Management. In Space 
strategy in the 21st Century theory and policy. Routledge. Pg 175. 
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Figure (7): Space Launch Costs over Time64 

 

 

 

 

 

 
64 Fox, W. Launch costs to low Earth orbit, 1980-2100: Future timeline: Data & trends: Future predictions. 
Launch costs to low Earth orbit, 1980-2100, from https://www.futuretimeline.net/data-trends/6.html 
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Conclusion 

With the proposed structure in Figure (2), this paper has shown how 

each level achieves an important part of the goal alignment process at 

NASA: from Level 1, which asks the big questions and proposes national 

plans, to Level 2, which determines what missions will fly, to Level 3, which 

develops the specific hardware for the missions. Each level has several 

proposed recommendations, listed below in review, to improve the process. 

Finally, we can see how attempts and calls for one cohesive strategy are 

futile, as NASA’s true goal is: to build the foundation of space utilization by 

supporting fellow U.S. entities' access to the domain. 

 

Recommendations Summary 
Level 1: Big Questions and Goals 

1. Restrict politicians from inefficiently switching top level goals 

2. Let the public vote on questions they want answered 

Level 2: Missions and Requirements 

3. Decadal surveys should be less specific  

4. NASA needs roadmaps with their plans in response to surveys 

Level 3: Technical Development 

5. PDR and CDR modifications for more stable design 

6. Stakeholders should be receptive as program costs are uncertain 
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