Increasing diversity on spacecraft mission teams reduces risk 
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Many of the NASA spacecraft sent into Earth orbit and throughout the Solar System are competitively selected and led by principal investigators (PIs). These senior scientists are responsible for directing research activities, managing the use of funds, and reporting to the funding agency. Additionally, the European Space Agency (ESA) has competitively selected missions that are led by ESA-nominated project scientists and include instruments that are overseen by PIs. Usually, the PIs and project scientists form a science working team that provides scientific leadership of the mission. These NASA and ESA PI roles require a deep understanding of the mission’s scientific goals and engineering design aspects. And, importantly, these roles also require skills in team management. 

Studies conducted over the past 14 years have drawn attention to the lack of diversity among mission and instrument PIs and their teams compared with the available workforce. This lack of diversity negatively affects team performance, risking the success of a mission. At present, there are three key barriers to diversity in spacecraft mission teams, which can be overcome by increasing access to information and resources, providing more opportunities to gain mission team experience, and including soft skills as evaluation criteria in the selection process.

A 2009 study of 29 planetary science PI-led NASA missions found that only one was led by a woman—far fewer than would be expected given the number of women in senior roles in planetary science career fields. One issue preventing women from being selected as mission PIs was their underrepresentation as coinvestigators, or officially recognized members, on mission teams compared with the number of women working in planetary science. A 2017 study of 26 NASA planetary science mission teams over a period of 41 years found that, before the year 2000, 5.7% of science team members were women, increasing to and remaining at 15.8% after 2000. However, the number of women working in planetary science careers increased consistently between 1990 and 2013, from 12% to more than 25%. 

This lack of women is not limited to NASA missions. A study of 10 ESA missions over 38 years found that the percentage of women in official roles as coinvestigators on spacecraft teams was consistently less than 16%. This is much lower than the 24% representation of women from ESA member states in the International Astronomical Union. More concerning was the finding that gender gaps on mission teams that existed 38 years ago persist virtually unchanged to the present day. 

The study of ESA missions noted that a lack of demographic data for the planetary science workforce limits the assessment of team diversity. Each of the aforementioned studies focused on binary gender without access to more refined data on gender identity for team members. When considering the underrepresentation of marginalized groups in science, it is important to consider all aspects of diversity. Intersectionality, or the crossover of different types of representation (a woman of color, for example), is an important aspect of diverse teams. Although no study has been published about racial diversity on any space mission teams, a review of demographics in the US planetary science workforce found that African Americans, Native Americans, and Hispanics were underrepresented by up to 92% compared with the US population, suggesting that gender identity is just the tip of the iceberg for underrepresentation in spacecraft teams. 

Lack of diversity on spacecraft teams creates risks for a mission. Many studies show that diverse teams outperform homogeneous teams because they focus on and process facts better and are more innovative—essential skills for a spacecraft mission team. Additional studies show that improving diversity is most critical in four types of activities: launching a new product, troubleshooting an existing product or process, planning for the future, and responding to crises. Spacecraft missions involve all four activities, so teams that lack diversity have an increased risk of failures at all stages of the development process. This issue needs to be addressed.

Improving PI diversity starts with identifying barriers that limit access to these roles. Currently, the primary barriers are (i) limited access to information and resources, (ii) lack of opportunities to develop skills and gain experience, and (iii) mission selection processes that do not explicitly evaluate the skills required for effective team leadership. 

A successful mission design requires an in-depth understanding of the process for developing, reviewing, and selecting proposals. NASA recently created a publicly available web page that provides aspiring PIs with information on the mission selection process. Additionally, a recent National Academies study that evaluated NASA’s mission proposal process provided details on the development and selection process. These resources are a first step toward addressing the disadvantage created by a lack of access to information. ESA provides a description of the mission selection process on its public website, but details that someone wanting to lead a mission proposal or an aspiring instrument PI would need are difficult to find. Providing resources with more details could be immensely helpful. 

Next, an aspiring PI will need resources to develop a proposal. In the United States, the initial mission design requires access to engineering and management resources that are only available at select NASA centers and institutions that develop and operate spacecraft missions. Similar constraints will exist for a European scientist who wishes to lead an ESA proposal. However, it is not clear given publicly available information how to gain access to resources at these organizations. NASA and ESA could address this barrier by requiring institutions that lead missions to make their proposal development process more transparent and creating more formalized opportunities for scientists to approach institutions with ideas.

According to the 2009 study of 29 NASA missions, competitive proposals are led by PIs who can demonstrate experience and qualifications that are gained from working on mission teams. A 2020 panel interview with current NASA mission and instrument leaders gives insight into this problem. Each panelist described how opportunities to work on missions early in their careers put them on a path to leadership roles, supporting the conclusion of the 2009 study. Furthermore, many panelists selected their own teams from existing mission team collaborations, limiting the pool of NASA spacecraft teams and future PIs to a group shown by the studies to be lacking in diversity compared with the available workforce.

Finally, the proposal selection process lacks an important mechanism that is effective for increasing team diversity. Experts in hiring best practices recommend evaluating soft skills in a selection process. This reduces bias and improves work environments by recruiting people who cultivate cultures of inclusion and diversity. These skills include perseverance, critical thinking, communication, and collaboration. The 2020 panel interview gives some insight into soft skills priorities on current NASA teams: Panelists emphasized needing to know how to delegate responsibility, provide effective oversight, resolve conflicts, and help the team to deal with failure. Although they discussed needing to communicate across cultures, they focused primarily on science, engineering, and institutional cultures. These are important requirements but lack several elements of the soft skills recommended for achieving the benefits of diverse teams. The NASA mission selection process does not appear to evaluate soft skills according to the process description in the National Academies study. NASA evaluates proposals for scientific merit and implementation along with feasibility of the proposed mission. Although the experience, expertise, and organizational structure of the science team is evaluated, the PI and other team leaders are not explicitly evaluated for the soft skills identified above. Insufficient information regarding the ESA evaluation process is available to know whether soft skills are considered in team selection. Mission selection should include evaluation of the soft skills of each person in a leadership role, and all teams should receive training in soft skills.

One effort that makes use of best practices for improving diversity and helps to level the playing field is the NASA PI Launchpad program. This 3-day workshop provides a variety of activities, presentations, and panel discussions to participants who are selected on the basis of their ability to outline a preliminary mission concept and their understanding of how to apply soft skills. All travel costs are covered, and participants learn about the mission definition and proposal process and are given guidance in selecting and managing diverse teams. They also have opportunities to interact with business managers from some organizations leading missions, which is an essential step for addressing the issue of access to resources. The impact would be greater if NASA required business managers from all institutions that lead NASA mission proposals to participate in PI Launchpad and similar workshops. Long term, NASA should continue to support this program, and ESA should develop a similar program to benefit scientists in ESA member states.

The barriers to diversity in mission PIs and spacecraft teams are not limited to those discussed here. Programs like PI Launchpad provide an opportunity for identifying and addressing additional barriers in the proposal process by monitoring the experiences of participants after the workshop. Barriers also exist for teams on missions that are directed by NASA rather than selected through a competitive program. These types of missions could be made more accessible by educating the community about the planned development process as early as possible, as is being done by the upcoming NASA astrophysics mission Habitable Worlds Observatory. The next major NASA planetary science mission is recommended to be a Uranus Orbiter and Probe. A recent workshop focused on science and instrumentation will be followed next year by a workshop focused on managing the challenges of designing a mission to one of the most distant planets in the Solar System. To promote diversity of future teams, this workshop will include activities for early career scientists to learn about developing competitive instrument proposals. These efforts, combined with the suggestions outlined here, can begin to improve diversity on NASA and ESA spacecraft teams and ensure the success of ever more challenging missions.
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