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Introduction: There have been many white papers submitted to this Decadal Survey that have
focused on representation of various people in the planetary science and astrobiology
communities (e.g., references 1-10). The global pandemic, and especially its impact on education
in the United States, has exposed that the digital inequality divide has been growing and its
growth is accelerating1. This is an issue that will contribute to NASA’s difficulty in meeting the
recommendations in some of the associated white papers regarding the State of the Profession:
Diversity, Equity, Inclusion, and Accessibility (DEIA). The negative impact will be felt
especially by potential future members of the planetary sciences and astrobiology community,
many of whom are just now entering high school or beginning their undergraduate education.
Here we discuss the current state of the digital divide, its accelerating growth as exposed by the
pandemic2, its impact on today’s middle school, high school, and undergraduate students, its
unequal impact on various communities in the US, and the implications for the future workforce.
This white paper is submitted as part of a collaborative effort organized by the Equity, Diversity,
and Inclusion Working Group (EDIWG), a cross Assessment Group (AG) committee.
The Digital Divide is often understood to be an inequity in availability of broadband internet
access. Digital inequities create disparities in access to computing devices and technology as a
whole, not just internet access.2 Computing devices and related communications technologies do
not, by themselves, solve social and economic inequities, and can often exacerbate them. And
new technologies do not always replace the old; it is often the case that we have old technologies
meeting the needs for many people, while the new technologies make improvements in the lives
of a select few. The key here is that it is always better for those institutions with the power to do
so to meet people where they are rather than asking people to expend their limited resources
trying to catch up to the institution's inexorable movement “forward.”
We do not have all of the solutions in hand, rather we ask the Decadal Survey Committees,
NASA, NSF, other funding agencies, and associated professional societies to consider our
Recommendations within the context of the State of the Profession and other workforce issues
that exist today and will exist in the future.
Recommendation #1: The Planetary and Astrobiology Decadal Survey should consider the
growing digital divide that impacts members of various communities and how this divide, if
left unchecked, will seriously and negatively impact NASA’s future workforce before the
decade is out.
Recommendation #2: NASA, NSF, and other funding agencies should acknowledge that their
approach to mitigating the growing digital divide will impact issues discussed in the many
DEIA white papers also presented to this Decadal Survey related to workforce issues.
Agencies’ particular approach to this issue will directly impact who gets to be a member of the
Planetary Science and Astrobiology community for decades to come.
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Recommendation #3: The Decadal Survey Committee and NASA should make a
concentrated effort to engage experts in the digital divide. These experts include educators,
industry leaders in communications technologies, and other experts in fields as diverse as
non-digital education, curriculum development, postal services, and informal and offline
community engagement, systemic racism, and social psychology, among others. Related to
this, The National Academies should consider incorporating concerns about the digital divide
and its impact on future workforce for NASA, NSF, and other agencies in their existing
education and DEIA focused virtual seminar series.3
Recommendation #4: Professional societies (AGU, AAS, AAS/DPS, etc.) should consider
how the digital divide may impact their DEIA initiatives and work with NASA, NSF, and
other funding agencies to ensure that communities currently on the under-resourced side of the
digital divide are not left behind in the coming decade.
COVID-19 Exposed major inequalities between households in lower, middle, and upper income
brackets. A recent poll4 by the Pew Research Center found that: A) 36% of children in lower
income households were unable to complete their assigned homework because they did not have
access to a computer at home; B) 40% of students had to travel out of the home to find a public
Wi-Fi connection because their home does not have a reliable internet connection; and C) 43%
of students in low-income households had to do their homework on a cellphone. The proportions
of students in urban and rural settings were similar: Unable to complete homework A) 24% rural
households compared with 33% urban; Unreliable home internet B) 31% rural and 30% urban;
Homework on a cellphone C) 33% rural and 36% urban. The digital divide negatively impacts
students in both rural and urban households. Suburban households had significantly fewer issues.
The survey also exposed another concern that is known to impact future performance of students:
financial worries. The Pew report found that 28% of households with a high-speed broadband
connection at home have been worrying about their ability to pay for the service over the months
or perhaps years-long pandemic, and 30% of smartphone users (with data) worry at least some
about paying their cell phone bill. The digital divide is especially problematic for Native
Americans: at least 35% of Native American students have no access to broadband internet or
cell phone service (so hotspots cannot work). Parts of these surveys are based on maps of
broadband data access, but such maps generally do not provide a measure for the quality of the
data connection. When learning is dependent on what one can afford, the divide between
those who have and those who do not grows.
RAND Corporation surveyed K-12 schools about COVID-19 and the state of schools, the digital
inequalities, and the impacts on students.5 Their report found that 75% of teachers think students
on the under-resourced side of the digital divide face a serious obstacle to effective remote,
digital learning. Parents and teachers agree that many of the potential problems might be
Imagining the Future of Undergraduate STEM Education
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mitigated if schools lend mobile
technology such as tablets and Wi-Fi
hotspots to households. Of parents in
low-income households, and single-parent
households, ~65% (and ~75% of parents
of students with severe or moderate
disabilities) think they would find benefits
in the lending of such technologies.5,6,7
One issue with lending technology is that
fewer than ⅓ of school districts surveyed
had the capacity or plans to provide
tablets, computers, or broadband hotspots
to students, and even many rural districts
that planned for this were unable to
provide such technology to each student
and instead have distributed such hotspots
as well as they could. However, students
(and working parents) were still required
to travel long distances to access those
hotspots.8
Costs increase the divide. A related
problem is not just access to broadband
internet services, but also the cost of data and the data cost of various educational solutions. For
example, a one-on-one Zoom meeting for a single hour costs approximately 540 to >800 MB of
data; a student required to be on video conferencing for 5-hours/day could easily accumulate up
to 100 GB/month. If there are more students in a household, of course the data usage would be
proportional to the number of students. This estimate does not include parents’ or care-givers’
data use if they are also working from home. The cost of broadband access varies wildly
depending on many factors, including distance to the nearest networking hub. The average cost
in the United States is about $70/month ($840/year) for access to the very minimum plan that
will allow video conferencing. Data overage fees can easily increase this cost by a multiple of 2
to 5.9 For many lower income families, these costs were never part of their budget. COVID-19
has suddenly and unexpectedly increased costs for some families.
Race impacts the divide. Several studies have shown that both access to the internet and owning
a home computer vary by race.10 A Pew Research Report from its “Internet and American Life”
Project in 2017 showed that 79% of white households were online compared to 70% of Black
households and 63% of Hispanic households.11 They also looked at the demographics of those
Parents' Survey Identifies Key Needs for New York Families Navigating New Reality
The Disparities in Remote Learning Under Coronavirus (in Charts)
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who (by necessity) use the internet outside of the home. Only 6% of White respondents needed
to use the internet outside of the home as compared to 15% of Black respondents and 13% of
Hispanic respondents. For these users, 50% of the reasons given for using the internet outside of
the home related to cost and access. In 2017, the US Census Bureau published a graph to
illustrate how race plays into the Digital Divide12, and it shows that the proportion of Black-alone
households that had no broadband
connection and no home computer was 15%
higher than White-only households.
Hispanic-only households were 9% higher
than White-only households with no internet
access or home computer. Native American,
Alaskan Native, and Pacific Islander
(NA/AN/PI) households are typically left off
of these kinds of survey results because the
“manifest destiny” genocide of the past
several centuries has decreased their numbers
to around 1% of the US population, which is
smaller than the margins of error for these
types of surveys. NA/AN/PI families are still
here, of course, and are definitely impacted
by the digital divide in similar and often
greater proportions to other BIPOC
communities. Indigenous and Native
American communities are also bearing a disproportionate fallout from the pandemic and climate
change.13 We need to treat access to broadband and high-speed internet as an essential necessity,
much like running water and electricity. Broadband internet has become critical to daily life at
present, including remote learning, teaching, work, and many other essential needs such as
telemedicine (physical and mental health). These needs are heightened when geographical and
economic isolation are compounded by sheltering in place, and will not end with the pandemic as
many employers and tech companies are planning on remote work being the new normal,
increasing the economic gap between those with and without high-speed internet. Lack of access
to adequate technologies, including the internet, threatens to hold American school
children back a grade, and set its future workers back by years of missed learning and
opportunities. This digital chasm will not be easily bridged in the near future without
intentional and early mitigation at the federal and agency levels.
Disabilities can increase the divide. Because of the pandemic, K-12, undergraduate, and
graduate schools are moving or have moved very swiftly to online, digital education models. The
nature of the sudden change has meant that many issues have been left for later. Issues of Section
504 and 508 compliance,14 ADA compliance, student safety, and other considerations have often
been left to the wayside in the rush to meet most students’ needs, leaving people behind.
12
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Conversely, COVID-19 has also provided opportunities for some people with disabilities. In
higher education spaces, there has been an increased interest in virtual/remote participation in
field work (of geosciences field and lab courses surveyed, nearly ¾ transitioned to virtual
instruction in the spring and summer.)15 Virtualized instructional methods can be barriers when
deployed haphazardly, but can provide increased accessibility for students when designed
appropriately and when students have digital access.16 It will be important to not only find
instances where the pandemic has increased problems with access, but also where solutions
have been found that allow more people access. These solutions will help NASA, other
agencies, and our community to model those successes and build greater resiliency to
future disruptions.
The Divide impacts educators as well. Many teachers face similar challenges as their students.
However, data costs for teachers can be much higher because they may be teaching more classes
than students have to attend; teachers with poor access to broadband internet services may have
trouble acquiring the digital materials needed to teach; teachers with low incomes may not be
able to pay their internet service bills. In some districts, schools are going back to distributing
paper packets for their students because neither the districts nor the students have the resources
to go to online education.17 Around 47% of high-poverty rate districts in one survey do not have
the financial resources to provide students with computing devices and internet access, and so a
primary component of their education plans is physical distribution of learning materials.18
The American Institute of Geosciences has been collecting information on impacts, including
statistics on impact of COVID-19 on fall budgets.19 At least 20% of respondents indicated that
budget cuts involve salary reductions. In the survey results released (to June), non-tenured (and
adjunct) faculty are twice as likely to be furloughed (10% of respondents) than tenured faculty
(5%). Departments also reported furloughs/terminations for staff, which will impact the ability of
those programs to support research facilities and/or may place additional administrative burdens
on faculty. Also, “nearly three-quarters of students had fieldwork activities cancelled.” While
somewhat unique to the geosciences and Earth-related planetary sciences and astrobiology, a
huge fraction of our student cohorts are either now behind in graduation requirements or will
lack field/research experience when they apply for future positions.20
Summary of the Problem: COVID-19 has exposed and exacerbated the digital divide and
digital inequalities especially for Black, Indigenous and People of Color (BIPOC); low income;
urban; and rural families and students. This includes families and students with a wide variety of
mental health issues and disabilities that can be negatively impacted by online educational
models. It is well-understood that early access to STEM and technology in general has a positive
impact on student performance, degree completion, and science and graduate school enrollment
(11). This growing digital divide and its sudden increase caused by COVID-19 will have
Impacts on Geoscience Academic Instructional Environments in Spring 2020
Accessibility and Fieldwork in the Time of Coronavirus
17
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18
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negative impacts on NASA’s workforce in 10 years or fewer, when these students are (or are
not) graduating from high school or with undergraduate degrees and are making decisions about
undergraduate and graduate school and majors.
Solutions to the Problem: Many currently-proposed solutions to the inequities of the digital
divide and subsequent inequalities are aimed at addressing the short-term issues of the
2020-2021 academic year.21 These solutions are generally aimed at increasing students’ access to
technology and quick virtualization of curriculum, rather than considering other models of
education. As mentioned earlier, some school districts have taken to distributing educational
materials physically, which helps the students stay up-to-date with their education expectations,
but does not mitigate the widening digital divide.
What can NASA, NSF, other agencies, and professional societies do to help with this
problem? Many of the white papers submitted to this Survey that discuss workforce issues,
including diversity, equity, inclusion, and accessibility have recommended solutions to some
issues that are related to or directly connected to the digital divide, though many focus more on
current workforce issues rather than on upcoming workforce issues. NASA’s ROSES program
regularly has multiple opportunities to propose to programs that address education and public
engagement in various ways. Perhaps these programs could be modified or augmented to enable
responses that bring expertise to bear on this problem.
Improving access to high-speed internet is a nontrivial problem; we have seen limited progress
over the past two decades despite federal and private initiatives. Options offered through
ground-based infrastructure tend to serve high-density population centers better than rural
populations or low density areas. This is especially true where the terrain or large expanses of
land may lead to spotty connections, or where local internet company monopolies lead to
low-quality bandwidth. Solutions are not just ground-based but increasingly space-based, with
the rapid increase of many thousands of privately funded satellites in low-Earth orbits. Large
satellite constellations have the potential to bridge the digital divide, but it is not clear whether
their promise of low-cost high-speed broadband internet will be achieved to the degree claimed
by their owners. These constellations also come with new ethical concerns (c.f., 12). Such
private actors partner closely with NASA and NSF. As a publicly funded agency, it is imperative
that NASA, NSF, and other agencies hold these companies accountable to all of humanity and its
pressing needs, especially when satellite constellations have already begun to have an enormous
impact on scientific astronomy and dark skies.22
It’s clear that the digital divide has not been solved, despite discussions about it for more than 20
years. It’s also clear that the divide has worsened in recent years and especially in 2020 due to
the global pandemic. The reality is that the authors of this paper are not the experts on how to
close the digital divide so that the pool feeding Agencies’ future workforce does not become
restricted to those with access to resources. Instead of providing specific solutions to the problem
in this white paper: We encourage NASA, NSF, and other funding agencies to quickly
initiate a series of workshops and review boards, and to invite experts in education, digital
21
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racism, equity, the digital divide, and information and communications technologies to
begin to understand the problem and potential solutions. We have gathered some thoughts
aimed at agencies and professional societies that could, perhaps, help kickstart the conversations:
1) Take quick action in the short term while investing in the long term. NASA and other
funding agencies should, whenever possible, maintain some flexibility in its programs so
that when crises such as COVID-19 and hurricanes impact members of its future
community, Agencies can respond in helpful ways, but long-term investments in
reducing the digital divide will be essential to meeting future workforce needs.
2) Help define digital (and possibly non-digital) STEM education long term approaches and
applications. Invest in the future of the workforce through comprehensive engagement
strategies that are specifically designed to reduce the digital inequalities.
3) Identify experts in the field of closing the digital divide and engage with them to help
find ways to support these experts. This would include the private sector.
4) For NASA, NSF, and other funding agencies, both an equity and a justice lens should be
applied before making major decisions. Agencies routinely consider their actions in light
of legal constraints. It would be helpful to model a new Office of Equity and Justice after
NASA’s Office of the General Counsel. To accomplish this, NASA needs to engage and
fund experts with experience in applying those lenses.
5) Use the current situation to look beyond the present to find ways to make meetings (and
conferences and workshops) and information presented at meetings more widely
accessible in the context of the digital divide; plan for follow-up assessments after
meetings; determine the resource needs and availability of resources for meeting
organizers to do such evaluations.
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