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Real world, mathematics-based educational activities provide context for learning and break down barriers to learning
in mathematics and science. SpaceMath@NASA (hereafter
SpaceMath) provides teachers with real-world math activities
in a space context in support of standards, by using current
NASA discoveries as a starting point for motivating students
to develop and use mathematics skills. The reach and efficacy
of SpaceMath in supporting NASA’s STEM mission was examined through an analysis of the resources and website data,
a survey of a subset of listserv members, data from workshop attendees - new users of SpaceMath, and a comparison
group study. SpaceMath has been used by millions of educators who consistently report that SpaceMath aligns with what
they teach, that they can immediately apply what they have
learned in workshops, and are able to use it in their classes.
Educators report that students enjoy the application problems and topics, are productively engaged, and ask questions
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that demonstrate curiosity and interest. Use of SpaceMath to
teach science concepts and apply math skills provides a context that enhances student understanding.

Keywords: STEM education; mathematics; space science; real-world applications; K12 enrichment; student performance
INTRODUCTION
The development of real-world, mathematics-based classroom activities
(Harper & Daane, 1998; Tooke & Lindstrom, 1998) has often been identified as a way to break down the barriers to learning in mathematics and science (Fensham, 2006). Early versions of implementing this idea included
Newspapers for Education (Bruder, 2006), but in the modern digital age of
social media and YouTube, students are increasingly engaged by video and
other web-based content (Brame, 2016 Hsin & Cigas, 2013; Schaffhauser,
2016.
Since the 1990s, the advantage of using real-world examples to encourage higher-level mathematics thinking and concept understanding has been
touted in a variety of formal and informal studies (Arthur, Owusu, AsieduAddo, & Arhin, 2018; Giardini, 2016) and a growing number of testimonials (Mulvahill, 2017; Wanamaker, 2018). The basic idea is that students perform better if they learn their math skills in the context of solving problems
drawn from their own experiences, or from subject areas of interest to them.
SpaceMath was created by a NASA astrophysicist in conjunction with
a small team of professional educators in order to reveal the math behind
the real-world science presented in NASA press releases (NASA, 2012; Odenwald, 2011; 2012, NASA Portal, 2019). Beginning in 1997, the NASA
Imager for Magnetopause-to-Aurora Global Exploration (IMAGE) mission developed a series of space science/math resources for classroom use.
The guides explained solar science, space weather, and the operation of the
spacecraft in terms of a series of content-rich stories and math activities appropriate for each grade level, including Northern Lights and Solar Sprites
(DiMarco & Odenwald, 1999), Solar Storms and You! (Higley & Odenwald,
1998), The Mission and Experiments of IMAGE (Pine, 2000) and Adventures in Space Science Mathematics (Odenwald, 2004). As part of the Pearson Event-Based Science program (Wright, 1995), the team also developed
a companion video, Blackout!, which subsequently received an Emmy
Award for educational videos in 1999.
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In 2004, IMAGE educators and partners responded to the challenges of
the No Child Left Behind Act (USDOE, 2002), which at that time had the
immediate consequence of making the previously-developed guides steadily obsolete in the increasingly demanding ‘test-oriented’ classroom environment. The NASA team developed a turn-key online program called the
Space Science Problem of the Week (SSPW) to bring more ‘bite-sized’ math
content into the discussion of scientific discoveries often found in NASA
press releases.
In 2008, the SSPW program was officially renamed SpaceMath@
NASA, (hereafter SpaceMath), with its own website and domain name
(http://spacemath.gsfc.nasa.gov). SpaceMath partnered with Houghton Mifflin Harcourt Publishing (NASA, 2012) to provide multimedia science, technology, engineering and mathematics (STEM) modules in support of their
new middle school physical science textbook series. In partnership with
the National Institute of Aerospace’s Center for Integrative STEM Education, SpaceMath teamed with NASA eClips™ to develop a series of STEM
modules that followed the ‘5E’ instructional model of engage, explore, explain, elaborate and evaluate (Bybee et al., 2006). By combining video programs, press releases and math content, these modules integrated language
arts, science, technology, and mathematics as students were introduced to a
NASA topic through non-fiction reading and fast-paced visually interesting
video content. This partnership set the stage for math problems that built
upon program content to specifically support the Common Core State Standards in Mathematics (CCMS-M) and Next Generation Science Standards
(NGSS).
In 2014, a comprehensive evaluation of SpaceMath was conducted (Davis & Odenwald, 2014) based on a variety of data collected between 20082013 from website use, users, and a comparison group study. The 2014
report served as the foundation of findings for this paper, with data from
years beyond also included for emphasis and continuity, as appropriate.
RESEARCH QUESTIONS
Four studies were conducted to answer the following questions:
Study 1: Is SpaceMath supporting NASA’s goal to reach educators with
NASA content through math? In order to evaluate the extent of use (reach)
of SpaceMath, the collection was analyzed and web statistics were collected
and analyzed.
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Study 2: Do SpaceMath listserv users find it valuable and effective with
their students? In order to evaluate how SpaceMath is used by educators and
it effects, those who signed up for the listserv were asked to complete a survey.
Study 3: To what extent do new users find SpaceMath to be relevant
and easy to use? In order to evaluate the relevance and usability of SpaceMath to new educators, participants attending workshops on SpaceMath
were surveyed.
Study 4: Does a SpaceMath problem with its NASA context have positive effects on student understanding of the math and science of the problem? In order to evaluate the effects on students, a comparison study was
conducted.
Conclusions regarding these research questions will be presented in the
context of each study detailed in its own section, as follows.
DATA SOURCES FOR STUDIES
As shown in Table 1, for the years 2009-2013, more than 7 million
downloads took place from the SpaceMath web site, and a more than 400
feedback surveys were completed by participants in SpaceMath project activities. Since 2013, access to the SpaceMath problem sets has continued to
grow. Specifically, more than 19 million problems have been downloaded
as this manuscript goes to publication in mid-2020. Recorded and analyzed
user interactions with the website, plus education activity leader observations combined with analysis of participant feedback surveys, serve as the
primary sources of data for this retrospective analysis of impact for the
SpaceMath program over time.
Table 1
Cumulative Downloads from SpaceMath Website and Surveys
Administered, 2009-2013
Year

Annual
Surveys

Workshop
Surveys

Listserv

Downloads
(cumulative)

2009

37

-

-

1,177,000

2010

85

14

-

2,104,000

2011

151

11

-

3,645,000

2012

237

154

916

5,137,000

2013

238

177

1414

7,319,000
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FINDINGS
Study 1: Is SpaceMath supporting NASA’s goal to reach educators with NASA
content through math?
Overview of SpaceMath Resources
To evaluate the extent of use of SpaceMath, the collection was analyzed
and web statistics were collected and analyzed. The collection consists of
individual problems and problem books that can be downloaded, interactive spreadsheets to solve problems or experiment with different conditions,
and STEM modules developed for Houghton-Mifflin-Harcourt publishing
to support Common Core and National Science Standards. The SpaceMath
website (https://spacemath.gsfc.nasa.gov) has over 700 problems indexed in
different ways. The home page for SpaceMath is shown in Figure 1 from
https://spacemath.gsfc.nasa.gov. Searches for individual problems housed at
the SpaceMath website can be referenced by grade level, topic, or theme
from the Common Core and National Science Standards. Key search terms
are listed in Table 2.

Figure 1. Home page for SpaceMath website.
Table 2
Key Search Terms for the SpaceMath Problem Sets
Grade Band/Course

Space Topic

Common Core Standards

Grades 3-5
Grades 6-7
Algebra 1
Algebra II
Geometry
Calculus

Earth
Moon
Sun
Planets
Stars
Universe
Space Travel
Astrobiology
Black Holes

Counting
Equations
Fractions
Numbers
Functions
Geometry
Measurement
Operations
Statistics
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SpaceMath problems are also indexed chronologically by press release
date on the topic of the problem (Table 3) and by NASA mission (Table 4).
By mid 2014, SpaceMath problems were created from 545 press releases. In
addition, SpaceMath problems in astrophysics, earth science, heliophysics,
and planetary science have been created for 43 NASA missions and projects.
Table 3
Sample NASA Press Releases Forming Bases for SpaceMath Problem Sets
August 6, 2014: Rosetta Arrives at Comet Destination. Problem 693: Exploring the Surface
of a Comet.
February 26, 2014: NASA’s Kepler Mission Announces a Planet Bonanza, 715 New
Worlds). Problem 682: NASA’s Kepler Mission Detects 715 New Planets
February 21, 2014: NASA Seeks U.S. Industry Feedback on Options for Future Space Station Cargo Services. Problem 679:Shipping Cargo to the International Space Station
February 18, 2014: NASA’s Chandra Sees Runaway Pulsar Firing an Extraordinary Jet.
Problem 680: A Pulsar Shot Out from a Supernova Explosion!
November 4, 2013: NASA Kepler Results Usher in a New Era of Astronomy. Problem 665:
Kepler’s Latest Count on Goldilocks Planets
November 1, 2013: Hubble’s New Shot of Proxima Centauri, our Nearest Neighbor. Problem 664:The Sun’s Nearest Companion. At least for now.
October 23, 2013: Galaxy Found in Hubble Survey Has Farthest Confirmed Distance. Problem 663:The Hubble Search for the Farthest Galaxy in the Universe
September 12, 2013: NASA Spacecraft Embarks on Historic Journey Into Interstellar
Space. Problem 618:Voyager 1 Begins its Interstellar Journey

A Retrospective Analysis of the Impact of SpaceMath@NASA

321

Table 4
NASA Missions and Projects Forming the Basis of SpaceMath Problems
Advanced Composition
Explorer
Cassini-Huygens
Chandra X-Ray Obs
Dawn (asteroid belt)
Deep Impact - EPOXI
Fermi Gamma-Ray Obs
Galaxy Evolution Explorer
Grail Ebb & Flo
Gravity Probe-B
Hinode Solar Obs
Hubble Space Telescope
InSight-Mars
Imager for Magnetosphere to
Auroral Global Exploration
Interstellar Boundary
Explorer
International Space Station
James Webb Space Telescope
Juno to Jupiter
Kepler Space Telescope

Landsat
Lunar Atmosphere & Dust
Env Exp
Lunar Orbiter
Lunar Reconnaissance
Orbiter
Magnetospheric Multiscale
Mission
Manned Programs- Apollo,
Shuttle
Mars Orbiter & Rovers
Mars Science Lab &
Curiosity
Mercury Surface, Space Env.,
Geochem. and Ranging
Near Earth Asteroid
Rendezvous
New Horizons-Pluto
Ramaty High Energy Solar
Spectroscopic Imager
Solar & Heliospheric Obs.

Solar Dynamics Obs.
Spitzer Space Telescope
Solar-Terrest. Rel. Obs.
Student Cloud Observations
Strasospheric, Aerosol &
Gas Expmnt.
Terra, UARS, Earth Obs.
Time History of Events &
Macroscale Interactions
during Substorms
Transition Region and
Coronal Explorer
Van Allen Probes
Wide-field IR Survey
Explorer
Wilkinson Microwave
Anisotrophy Probe
X-Ray Multi-Mirror Mission

Interactive spreadsheets (14 produced to date) allow students to experiment with a variety of mathematical models for planetary structure, heat
flow and rotation – among other modeled properties such as: modeling the
interior of a planet, exploring heat flow in the Martian interior, the motion of planetary rotation poles, and exploring Earth’s Chandler wobble. A
detailed description of one specific example, exploring the interior of the
dwarf planet Pluto, is provided in the following section.
Example SpaceMath Resource: Exploring the interior of Pluto
The interactive Excel spreadsheet illustrated in Figure 2 allows one to
create a model of the interior of Pluto based on its diameter, mass and the
densities of ice and rock. Although it is unlikely that people can ever visit
the interior of a far-off planet, math modelers can use the observed mass
and radius of the planet, plus some assumptions about what is inside (rock,
water, ice, gas, etc.) to create a plausible model of the interior of the planet.
The program combines a spherical core zone at one density with a spherical
shell zone at a second density and combines to get the total mass and radius
of the modeled planet. A learner selects the planet’s diameter and uses the
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slider to select the core radius fraction. This interactive model is designed
for grades 8-10.

Figure 2. Interactive spreadsheet to explore alternative model parameters for
the interior of Pluto.
An analysis of the SpaceMath collection showed that it is a comprehensive resource connecting school math with NASA efforts. The problems
are typically located by grade level, topic, standard, or mission. However,
special collections provide other groupings on topics such as black holes,
Earth’s magnetic field, electromagnetic math, space weather map, transit
math, astrobiology, radiation, Mars, the lunar surface, northern lights, and
solar storms.
Reach of SpaceMath Resources
SpaceMath is exclusively a web-based resource with no printed materials for distribution. The site ranks among the top one-tenth of 1% of all
US websites (alexa.com). Moreover, since 2009, SpaceMath has been the
leading page listed by Google in searches under ‘space’ and ‘math’. SpaceMath’s top placement on Google has served to attract interested teachers directly to the content and as of 2020 has over 100,000 websites that link to it.
It is also among the Top-100 websites operated by NASA. Web statistics are
reported in the sections below for:
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Problem Downloads,
Unique Visitors to the Website,
Downloads of Data Sets for Inquiry, and
Downloads of Modules for Middle School – Houghton Mifflin
Harcourt Partnership.

Problem downloads. Figure 3 shows the trends in problem downloads
across five academic years from 2008-2009 to 2012-13. The trend showed
a steady increase in the downloading of SpaceMath problems. In June of
2013, the 7 millionth PDF problem file was downloaded from this website. This led to a NASA press release on this topic. Between 2008 and
June 2013, a total of 4,617,684 individual SpaceMath problem files, and
2,364,125 book files were downloaded. Since a single book corresponds to
an average of 50 problems, the total number of math problems downloaded
between 2008 and 2013 was approximately 123 million.

Figure 3. Cumulative SpaceMath problem downloads for 2008-2013.
Unique visitors to the website. The number of unique IP addresses recorded in the traffic to the SpaceMath website can serve as a measure of the
number of unique individuals visiting the website. As shown in Figure 4,
the growth was approximately 4,000 individuals for a given month, year to
year, resulting in a total growth over five years from zero to approximately
20,000 different individuals accessing the SpaceMath Website each month.
This translates into approximately 650 different individuals accessing the
SpaceMath website each day, as of 2013.
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Figure 4. SpaceMath website average monthly unique IP address accesses
per problem set, 2008-2013.
Figure 5 shows the cumulative number of PDFs viewed during the survey period between 2008-2013 normalized to (e.g. divided by) the cumulative number of problem-PDF files available at the website during a given
month. This serves as a measure of visitor interest adjusted for the number
of total resources available to potentially garner interest at any one point in
time. As illustrated in Figure 5, there was a steady increase in interest in
SpaceMath resources over time through Month 35, corresponding to August
2011 with a plateau maintained at about 300 monthly views per SpaceMath
problem thereafter.

Figure 5. Average monthly download rate per SpaceMath problem for individual PDF files, from August 2008 to December 2013.
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Downloads of data sets for inquiry. SpaceMath@NASA offered
spreadsheet (.xls) data sets that could be used to explore actual real-world
data more deeply on a variety of themes from sunspots and searches for
Earth-like planets to basic astronomy catalogues of stars and galaxies. There
were approximately18,000 of these data files downloaded during 20082013.
Downloads of modules for middle school – Houghton Mifflin partnership. In 2008, SpaceMath@NASA produced a 200-problem Algebra 2
book that paralleled the content in a popular high school Algebra 2 textbook
published by Houghton-Mifflin-McDougal (Odenwald, 2010). The downloads of Algebra 2 chapters ordered by cumulative downloads are shown in
Table 5. The most popular topics were those covered in the last chapters of
the textbook (Chapter 10, 13, 14). These were typically covered in the last
quarter of the academic year. These resources included the basic skills of
modeling natural phenomena with algebraic functions.
Table 5
SpaceMath Algebra 2 Textbook Downloads per Chapter as of 2013
Cumulative Downloads

Chapters

61,493

Algebraic Expressions and Operations

25,772

Functions and their Graphs

12,046

Modeling with Trigonometric Functions

11,158

Trigonometric Formulae and Relationships

10,348

Properties of Conic Figures - Ellipses etc.

10,132

Working with Quadratic Functions

9,636

Probability and Normal Distributions

8,424

Solving Linear Systems

8,322

Rational, Power and Inverse Functions

8,076

Rational Functions and Expressions

6,300

Matrix Operations

5,671

Properties of Polynomials

5,122

Sequences and Series

5,012

Exponential and Logarithmic Functions

In 2012 in conjunction with Houghton-Mifflin-Harcourt publishing,
SpaceMath@NASA developed 30 STEM modules for grade 6, 7 and 8.
These were offered on the webpage http://spacemath.gsfc.nasa.gov/media.
html. There were 90,000 views of these modules during 2012-2013.
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The SpaceMath Project includes international participants as shown in
Figure 6 (84,500 visits from 189 countries since 2015). The project’s web
site serves visitors from North America, Europe, Asia, Africa and South
America in nearly equal proportions. The map tracks visits live and can be
found at https://www.revolvermaps.com/livestats/map/9e27529npc9/.

Figure 6. Global participation in SpaceMath (Credit: RevolverMaps.com).
In summary, an analysis of the breadth and depth of the SpaceMath collection, the website’s design, and of website used statistics provide evidence
that SpaceMath has reached a broad audience (grades 3-12+) with a variety
of topics (missions and projects) and problems (individual, collections, interactive spreadsheets).
Study 2: Do SpaceMath listserv users find it valuable and effective for their
students?
To evaluate how SpaceMath is used by educators and its effects on students, those who signed up for the listserv were asked to complete a survey annually from 2009-2013. Educators were asked about how easy it was
to find NASA related math problems, how many educators they had shared
SpaceMath with, and the effects on their students.
As shown in Table 6, educators reported that SpaceMath made it easier
for them to find exciting NASA math problems. The range by year across
2011-2013 varied from approximately one-half (48%) to three quarters
(74%) of 748 survey respondents indicating agreement.
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Table 6
Educators Reporting that SpaceMath Made it Easy to Find NASA-Related
Math Problems
2011
n = 151

2012
n = 237

2013
n = 238

64%

74%

48%

[SpaceMath] Made it very easy for me to find
exciting NASA math problems

Table 7 indicates that for the 396 educators responding to the survey
over four years, all were sharing SpaceMath materials with other teachers
as a valued resource. The respondents reported sharing the problems with at
least one other teacher (N = 96) and up to six other teachers (N = 474) for
a total of 1196 other teachers reached by the 396 respondents On average,
SpaceMath users shared the materials with four other teachers.
Table 7
SpaceMath Resources Shared with Other Educators
by SpaceMath Listserv Participants
Amount Shared

2010
n=101

2011
n=98

2012
n=100

2013
n=97

Total
reached

Shared with one other person

27

25

27

17

96

Shared with two other people

31

28

28

22

218

Shared with three other people

10

17

14

23

192

Shared with four other people

6

7

5

6

96

Shared with five other people

5

6

5

8

120

Shared with more than six other people

22

15

21

21

474

As shown in Table 8, about three-quarters of the 396 educators surveyed between 2009 and 2013 reported that their students were challenged
by SpaceMath problems. About two-thirds reported their students were curious about the problems and about half reported that students enjoyed the
problems and improved their academic performance as a result of solving
the problems.

Odenwald, Davis, and Bowers

328

Table 8
Teacher Perceptions of Impact of SpaceMath on Students (N = 396)
My students …

# Agree

% Agree

Are productively challenged by these problems

304

77%

Ask questions about the problems that demonstrate curiosity and
interest

255

64%

Enjoy these application problems and the topics they present

201

51%

Have improved their academic performance as a result of working
these problems

189

48%

In summary, SpaceMath user surveys provided evidence that educators
found SpaceMath valuable and effective with their students. The site made
it easy for them to locate NASA-related math problems. Educators valued
SpaceMath enough to share resources with other educators. The problems
were judged to be challenging to students and students asked questions that
demonstrated curiosity and interest. Comments from the educators included:
•
•
•

•

This is a great resource. I have used your problems as the backbone for independent studies in science (physics, etc.)
The greatest strength of these problems is the fact that they are
APPLIED math problems, problems written in the context of real,
ongoing NASA missions and data.
SpaceMath is one of the best educational resources I have ever
found. Students absolutely love the applications and I have rarely
found a student who was not fascinated, and therefore highly motivated by astronomy and space related topics.
This website is such a treasure for me, I cannot imagine that other
teachers would not also find it to be a great resource. Whenever
there is a topic to explore in space, technology, or math, Space
Math is my first stop. I have shared Space Math with dozens of science and math teachers in the last several years.

Study 3: To what extent do new users find SpaceMath to be relevant and easy
to use?
To evaluate the relevance and usability of SpaceMath to new educators,
participants attending 18 different workshops on SpaceMath were surveyed
(N=177 educators). Workshops were offered at National Science Teachers
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Association (NSTA) national and regional conferences, National Council
of Teachers of Mathematics (NCTM) conferences, Pennsylvania and Virginia teacher association workshops, the NSTA STEM forum and expo, the
Teachers in Space program, and in other venues between 2010 and 2013.
Participants were asked to complete surveys on their own characteristics, the value of the workshop, the effects on them and expected effects on
their students, and their intention to use SpaceMath resources in the future.
Workshop participants were primarily public school teachers (77%) with a
mix of rural (24%), suburban (39%), and urban (27%) settings. About half
(51%) were high school teachers, with 30% middle school, and 18% elementary. Among the participants, 41% were math teachers, 29% were science teachers, and the rest were from technology, English, and social studies.
Findings from analyses of data gathered from workshop participants
were positive. Almost all workshop participants (98%) reported they will
recommend SpaceMath to other educators, while 92% reported they intend
to use SpaceMath in their classes for reasons such as connecting math to
current events, presenting new examples for math concepts, enhancing
space science lessons, and having practical applied content in STEM.
SpaceMath workshop participants were also asked to rate statements
about the workshop on a scale from 1 to 5 with 1 being strongly disagree
and 5 being strongly agree. The means and standard deviations for each of
the items asked are shown in Table 9. Mean ratings for all items were above
4 = agree.
Table 9
SpaceMath Workshop Participant Anticipated Outcomes (N = 177)
Workshop Rating Criteria

Mean

STD

The NASA materials used in this experience align well with what I teach.

4.1

0.85

I can immediately apply what I learned from this NASA experience to my
teaching.

4.3

0.65

I will be more effective in teaching STEM concepts introduced in this
NASA experience.

4.3

0.64

Based on my NASA experience, I will make changes to my teaching activities.

4.3

0.62

These resources will be effective in increasing my students’ interest in
STEM topics.

4.3

I plan to use more SpaceMath in my classroom (NASA content/resources in
2011-2013).

4.5

0.92

This NASA experience provided ideas for encouraging student exploration,
discussion and participation.

4.4

0.57

2.05

Odenwald, Davis, and Bowers

330

Sample comments from workshop participants included:
• You are my hero for making Space Math problems! Thanks so much
for your interest in education and getting REAL math problems
into classrooms!
• It is often hard to find a challenge for high ability math students in
elementary level. I appreciate that they are at different levels.
• I showed space math to 26 Math Specialists at a conference held
here at Langley in early January! They really liked what they saw.
In summary, evidence from the workshop surveys supports the conclusion that new users found SpaceMath to be relevant and easy to use. The
majority of teachers who responded planned to use it and recommend it to
others because a) it aligns with what they teach; b) they can immediately
apply what they learned; c) they believe they will be more effective in teaching STEM concepts; d) they believe SpaceMath will increase their students’
interest in STEM.
Study 4: Does a SpaceMath problem with its NASA context have positive
effects on student understanding of the math and science of the problem?
In order to assess the effects of SpaceMath on students, a treatment versus comparison group study was conducted. The design was a within teacher study, with three teachers working with a total of 10 classes on the topic
of carbon dioxide related to a volcanic eruption. Five classes of comparable
ability were assigned either to use the SpaceMath problem (five treatment
classes) or not use it (five comparison classes). Treatment and comparison
classes were matched based on prior achievement. The research design is
presented in Table 10.
Table 10
Treatment versus Comparison Group Design to Test Impact of SpaceMath
on Student Understanding
Teacher
1

Treatment

Comparison

1 class

1 class

2

2 classes

1 class

3

2 classes

3 class

Total

5 classes

5 classes

Problem Set Basis in Actual Events (SpaceMath, 2012)
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On March 21 2010, the Eyjafjalla volcano in Iceland erupted and the
expanding ash cloud grounded over 3000 flights in Europe. Then on April
20th, a major oil spill began in the Gulf of Mexico. Although the preferred
method for dealing with the oil spill is to collect it using skimmers, burning
is also a common option (see left photo below). A major concern in burning
this oil is the addition of carbon dioxide to the atmosphere during the combustion process. See Figure 7 for pictures of the two events.

Figure 7. Gulf oil spill on left and Icelandic volcanic eruption on right.
Problem 1: The Gulf Oil Spill is predicted to generate 200,000 gallons
of crude oil every day. If 50% of this is ultimately burned off, how many
tons per day of carbon dioxide are generated if the combustion of one gallon
of oil generates 10 kilograms of carbon dioxide?
Problem 2: Scientists have estimated that the Iceland volcano generated
15,000 tons of carbon dioxide per day, and this eruption continued for about
28 days. How many days will the Gulf Oil burn off have to continue before
its carbon dioxide contribution equals that of the total carbon dioxide generated by the Eyjafjalla volcano?
Problem 3: It has been estimated that the European aviation industry
generates 344,000 tons of carbon dioxide each day. If 60% of this industry
was shut down by the ash cloud from Eyjafjalla volcano, how many tons of
carbon dioxide would have been produced by airline flights during the fiveday shutdown of the industry?
Problem 4: What can you conclude by comparing your answers to
Problem 1, 2 and 3?
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Answers: Problem 1= 1,000,000 kg/day or 1000 tons/day; Problem 2=
420 days; Problem 3=1,000,000 tons; Problem 4=The total carbon dioxide
generated by the volcano is only 40% of what would have been generated
by the European airline industry during that same time. The burn-off of the
oil spill would only exceed what the volcano generated if the cleanup continued for over one year, which most experts say is very unlikely. The oil
spill burn-off is a small part of the carbon dioxide generated by aviation or
by the Icelandic volcano. In addition, the very same quantity of carbon dioxide would have been generated when the crude oil was burned by fossil
fuel users.
Synthesis of Findings from Five Treatment vs. Comparison Sets of
Classrooms
Teacher 1 had one treatment class (N=18) and one comparison class
(N=18). The students only completed question 4. There was no significant
(p < .05) difference between the gains of the treatment and comparison class
at the end of the study period on a t-test of independent groups with unequal
variances. Both groups showed gains pre/post, although neither was significant. Treatment students showed gains from pre to post and had post test
scores comparable to comparison group students. Both treatment and comparison classes recorded high scores relative to other classes in the study, on
the pretest. This may be a result of both being gifted classes.
Teacher 2 had one treatment class and two comparison classes. The
comparison group students did not complete the pretest. The treatment
classes did significantly (p < .01) better pre to post on the problems, and
significantly better on the post problems than the comparison class. As
shown in Table 11, treatment students improved significantly pre/post on all
four problems and significantly outperformed comparison students on post
problems.
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Table 11
Pretest to Post Test Changes in Percent Correct for Treatment Class
of Teacher 2
Problem

Pre Int.
N=28

Post Int.
N=28

Post Comp.
N=30

Signif.
(I/C post t-test)

P1: Tons/day from burn off

59%

89%*

63%

<0.01

P2: Days Gulf Oil burn off
vs. Iceland volcano

7%

61%*

33%

<0.02

P3: Five days-aviation
carbon dioxide

14%

57%*

23%

<0.004

P4: Conclusions

3%

61%*

40%

<0.06

Note. * statistically significant p < 0.01
Teacher 3 had three treatment and two comparison classes. As shown in Table 12, the treatment students outperformed the comparison students at the
p < 0.01 level on the first three problems. The treatment students had significant pre/post gains at the p <0.01 level. The comparison students did not
complete the pre. Treatment students improved significantly pre/post on all
four problems and significantly outperformed comparison students on three
of the four post problems.
Table 12
Pretest to Post Test Changes in Percent Correct for Treatment Class
of Teacher 3
Problem

Pre Int.
N=43

Post Int.
N=43

Post Comp.
N=62

Signif
(I/C post t-test)

Tons/day from burn off

23%

74%*

48%

<0.01

Days Gulf Oil burn off vs.
Iceland volcano

33%

55%*

31%

<0.01

Five days-aviation carbon
dioxide

12%

36%*

10%

<0.01

Conclusions based on
calculations

0%

12%*

9%

<0.28

Note. * statistically significant p < 0.01
In summary, the SpaceMath problem with its NASA context had significant positive effects on student understanding of the math and science of
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the problem in four of the five treatment versus comparison matched classrooms. Treatment students significantly outperformed comparison students
on three out of the four problems in four of the five comparisons.
CONCLUSIONS
Four studies were conducted to answer research questions about the
reach, use, relevance and usability, and impact on student understanding of
SpaceMath. Findings are summarized in the following paragraphs.
Research question for Study 1: Is SpaceMath supporting NASA’s goal
to reach educators with NASA content through math? In order to evaluate the extent of use (reach), the collection was analyzed and web statistics
were collected and analyzed.
The analysis of the breadth and depth of the collection, the website’s
design, and the website use statistics provide evidence that SpaceMath
is reaching a broad audience in grades 3-12 with a variety of NASA-related topics (43 missions and projects), 545 individual problems based on
NASA press releases, 28 books (collections of problems), and 14 interactive spreadsheets. Reach grew from 2009-2013 as shown in problem downloads increasing from one million to seven million in that time period and
up to 19 million in 2020, unique visitors to the website increasing from a
few hundred to almost 20,000, with 18,000 data set downloads and over
60,000 middle school STEM modules downloaded. The authors concluded
that SpaceMath has a broad reach that has grown and been maintained for
more than 10 years.
Research question for Study 2: Do SpaceMath listserv users find SpaceMath problems valuable in their teaching and effective with their students?
In order to evaluate how SpaceMath is used by educators and it effects,
those who signed up for the listserv were asked to complete a survey.
The responses to these user surveys (N=748) provide evidence that educators find SpaceMath to be a valuable and effective resource with their
students. The site makes it easy for them to locate NASA-related math problems. They value it enough to share with other educators (1196 from 20102014). They report that the problems are challenging to students and students ask questions that demonstrate curiosity and interest.
Research question for Study 3: To what extent do new users find SpaceMath to be relevant and easy to use? In order to evaluate the relevance and
usability of SpaceMath to new educators, participants attending workshops
on SpaceMath were surveyed.
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The evidence from survey respondents attending 18 different workshops (n = 177) supported the conclusion that new users found SpaceMath
to be relevant and easy to use. The majority planned to use it (92%) and recommend it to others (98%) because it aligns with what they teach (mean rating = 4.1 on a 5 point scale), they can immediately apply what they learned
(mean = 4.3), they will be more effective in teaching the STEM concepts
(mean = 4.3), they got ideas for encouraging student exploration (mean =
4.5), and they believe SpaceMath will increase their students’ interest in
STEM (mean = 4.3).
Research question for Study 4: Does a SpaceMath problem with its
NASA context have positive effects on student understanding of the math
and science of the problem? In order to evaluate the effects on students, a
treatment versus comparison group study was conducted with three eighth
grade teachers, five treatment classes and five comparison classes. The content was the same, but the treatment classes used a SpaceMath problem
comparing the carbon dioxide releases through a burn-off of an oil spill in
the Gulf of Mexico, an Icelandic volcanic eruption, and typical European
aviation. Use of the SpaceMath problem had significant positive effects (p
< 0.01) on student understanding of the math and science of the problem in
four of the five comparisons. Treatment students significantly outperformed
comparison students on three out of the four problems in four of the five
comparisons (p < 0.01).
SpaceMath, as of 2020, continues to have a significant reach as an education resource for innovative real-world mathematics with a space science
theme. NASA’s goals have changed since 2013 with more emphasis being
placed on informal education. Consequently, since 2015, SpaceMath has
become a part of the NASA Space Science Education Consortium, shifting
its focus to citizen science, and supporting educational technology development via smartphone sensor experiment design (Odenwald, 2017; 2018).
Meanwhile, math/science resources such as A Guide to Smartphone Experiments (Odenwald, 2019) allow educators and other audiences to experiment
with their smartphones to gather data and introduce a step-by-step process for analyzing their own data. SpaceMath now works closely with the
STEAM Innovation Laboratory at NASA’s Goddard Space Flight Center on
projects related to using smartphones to gather and analyze data, as recently
described in a blog by the International Society for Technology in Education (ISTE, 2020). The SpaceMath approach initially begun to introduce
formal educators to real-world mathematics in space science has now been
broadened to include opportunities and audiences outside the classroom.
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