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About me
●
●

Rising second-year physics graduate student at MIT
TESS census of complex phase modulation of stellar light curves
○ Presentation @ Tue June 14 2PM (Session 225: Fundamental Properties II)
Encoder Latent Decoder
space

●

Searching for eclipsing double white dwarfs in TESS 200s observations
○
○

Gravitational-wave sources detectable by upcoming
LISA
Possible Type 1a supernovae progenitors

Credit: Illustration: Dana Berry (STScI)

Deﬁnitions of “misconception”
●
●

Involve a “belief system comprised of logically linked sets of propositions”
(Fisher 1985, JRST)
“Any deeply held belief that is inconsistent with currently accepted scientiﬁc
concepts. Deeply held beliefs are distinctly different from superﬁcial ones,
such as details we might memorize for an exam and then promptly forget”
(Comins 2001)
Possible logical but inaccurate inferences
from diagram:

●

●
Image Credit: Dorling Kindersley

Winter occurs when the Earth is
farther away from the Sun. Barrier
2010, Phys. Teach. found this was a
common misconception among
elementary and middle school
teachers in North Carolina.
Earth’s orbit is extremely eccentric.

Why we should care misconceptions
●

“Are we alone?”: one of the most
exciting open questions of science
(e.g. Birch 2013, Kennedy 2005)
○

○

Search of exoplanets fascinates a broad
population (e.g. high participation in
NameExoWorlds project)
We beneﬁt from citizen science (e.g.
Planet Hunters, Exoplanet Explorers,
SETI@home screensaver)

Fig. 5a from Deeg & Belmonte, 2018

Boyajian’s star discovered by Exoplanet
Explorers. Figure by JohnPassos.
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●

BUT astronomy is also one of the
science subjects people most rapidly
lose interest
○
○

More likely to stay at a superﬁcial
and misconceptual understanding
Interest in astronomy experiences
the most extreme and exponential
decrease in interest of all the ﬁelds
examined (Bergstrom+2016, JAESE)

Adapted
Fig. 1 from
Chen+2020,
JRST
Students holding
more misconceptions
had a higher dropout
rate at the start of
the course.

Probability of dropout

Interest in
career

High level of
misconceptions
Low level of
misconceptions
Time in online “Super-Earths and Life” course

Demonstration of forming misconceptions outside our
ﬁeld of expertise

Kurzgesagt - In a Nutshell
1:30-3:00

How do we study the microbiome?
● Not imaging! Not a microscope!
● Most commonly studied by stool
samples or mucosal biopsies →
correlative microbiome relationships
● Establishing causality and mechanism:
→ requires, for example, transferring
human microbiome samples into mice
→ administer change-inducing
treatments, such as antibiotics
→ population studies comparing
microbiome differences by location,
ethnicity, culture, …

Misconceptions in exoplanet science
Confusion about
methodology

Oversimpliﬁed notion of
astronomical distance

Over-extrapolating
based on Earth’s
properties

Confusion about gravity

Studies on misconceptions of basic astronomy concepts
Understanding of basic concepts are needed to learn about current research
ﬁndings! (Chen+2020, JRST)
●
●

1958 grades 9-12 students, misconceptions persisting at the end of a high
school Earth science or astronomy course (Sadler+2010, AER)
~900 undergrad nonmajor students pre-instruction, misconceptions before
starting 100 or 200-level astronomy courses (Simon 2019)
●

Studied 215 misconceptions
held by 639 undergrad
students at the University of
Maine pre-instruction (Favia
2014)

Misconceptions of basic astronomy concepts: Astronomical Distances
●
●

●

Stars in the Milky Way are as close to each other as planets are to the Sun.
Misconception retainment score of 1.89/3.00 (Favia 2014)
○

Space is inﬁnite: 2.58 (Favia 2014)

○
○
○

Probes have brought samples back to Earth from many planets.
Astronauts have traveled beyond the moon.
Telescopes are put in space to get closer to astronomical objects.

Major misconceptions of grades 9–12 after astronomy course (Sadler+2010,
AER):

Deﬁnition of a “light year”
among pre-instructional
undergrads:

Units of distance
(54.9%)

Units of speed
(8.8%)
Figure 3 from Bailey+2012, AER

Correct
deﬁnition
Units of
time (28%)

Misconceptions of basic astronomy concepts: gravity
g~M/R

2

E.g. HD 40307g
M=8.2Me, R=2.4Re
→ 1.42g

Depicted as 1g

Star Wars: Revenge of the Sith
On planet “Mustafar”
●
●

Avengers: Inﬁnity War
On planet “Titan”

Gravity is the strongest force in the universe: Misconception score 2.33 (Favia
2014)
7% of students believed Sun’s gravity pulled denser, rockier planets close in
(Simon 2019)

Only 5% of students clearly stated that a
planet must be smaller than a star (Simon,
2014)

Misconceptions of basic astronomy concepts:
Deﬁnitions of celestial objects,
6% of students said there is no difference between a
star and a planet (Bailey+2012, AER)
and relative scale
Only 60% of
students
attempted to
deﬁne an
exoplanet

Planet formation

Solar system
deﬁnition

Planet composition

Exoplanet
deﬁnition

Planet orbits

Planet deﬁnition

Solar System formation

Students often
confused solar
system and galaxy
(Bailey+2012, AER)
13/172 students expected to ﬁnd galaxies or
nebulae within our solar system

Adapted Fig 2.1 from Simon 2019

Misconceptions about
methodology
(Favia 2014)

Misconception

Average
misconception
retainment
score

We do not have telescopes in space

1.59

Stars emit only one color of light.

1.79

Smaller telescopes enable
astronomers to see smaller details

1.86

The most important function of a
telescope is magniﬁcation

2.14

Astronomers mostly work with
telescopes

2.14

Misconceptions about methodology
●

Confusion between artist rendering
and direct images

●

In reality, rarely can directly image
exoplanets

Credit: ESO
Icy exoplanet

Credit: ESA/Hubble, M.
Kornmesser
K2-18b
Credit: Jason Wang (Caltech)/Christian Marois (NRC
Herzberg)

Misconceptions of planet formation
●

New planets and stars don’t form: Misconception score of 1.81/3.00 (Favia
2014)
○

●
●

The Milky Way is just stars - no gas and dust: 1.73/3.00 (Favia, 2014)

~10% of college students claimed the Sun’s gravity acts as a catalyst of
planetary accretion (Simon 2019)
45% of nonmajor pre-instruction undergrad students asserted that our Solar
System either formed directly from the Big Bang, or as a direct result of the
Big Bang (Simon 2019)
○

Credit: NASA

~25% of nonmajor pre-instruction undergrad students said the Big Bang Theory relates to
the creation of planetary systems, pre-instruction (Pranther+2002, AER)

Assumptions based on our Solar System
●
●

All stars have planets: Misconception score
of 1.80/3.00 (Favia 2014)
All stars are isolated from all other stars
(none are binary): 1.92/3.00 (Favia 2014)

Credit: NASA/JPL-Caltech

Misconceptions of the Habitable Zone (Kane+2015)
●

●

Credits: Spitzer Space Telescope/JPL-Caltech

Habitable Zone:
Region around the
star where water
could exist in a liquid
state on the surface of
a planet if it has
sufﬁcient atmospheric
pressure
Misconception:
Habitable Zone
planets implies
habitable planets.

Misconceptions of the Habitable Zone
●

●

Overuse of term
“Earth-like”: similarity to
Earth based on a few
selected geophysical
parameters
“Earth-like”: implies
multiple environmental
habitats, presence of a
biosphere, complex
ecosystems
(Schulze-Makuch &
Guinan 2016,
Astrobiology)

“Bigger, older cousin to Earth”
“Earth 2.0”
“Closest Earth Twin”
Artist depiction of Kepler 452b
Credits: NASA/JPL-Caltech/T. Pyle

From misconceptions to scientiﬁc understanding
●
●
●

Dissatisfaction with currently held concepts
Encountering new and plausible concepts
Accommodating new concepts

Some examples directly targeting misconceptions:

Credit: Space Telescope Science
Institute’s Ofﬁce of Public Outreach

Theory of cognitive conﬂict
See discussion in Schoon 1988,
Favia 2014, and this blog.

From misconceptions to scienctiﬁc understanding
●
●

Avoid assuming intuition about astronomical distances, relatives sizes,
timescales (e.g. Sadler+2010, Favia 2014, Simon 2019)
Exaggeration in media will always be present! (Schulze-Makuch & Guinan
2017)
○
○

Avoid misnomers and adhere to the deﬁnition of terms as they were originally
conceived (e.g. habitable zone, Earth Similarity Index, …)
Indicate larger context and limitations
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Coffee break!
Planet Hunters Talk @ 1:45 PM
Misconceptions group activity @ 2:15 PM
Slides and Zotero RDF are available on AAS240 Slack:
#workshop_engaging_the_public_in_exoplanet_science_through_
the_legacy_of_tess

Group activity overview
1. Form pairs.
2. ~20 minutes to read/watch materials (news articles, Twitter posts, YouTube
videos). For each material, discuss
○
○
○
○

Who was the target audience for this video?
What were some effective strategies the video used to engage the audience?
Identify which parts of the video could be potentially misleading to a non-expert.
How could the video be changed to avoid these misconceptions while still being
accessible to the public?

3. In the last ~5 minutes, we will reconvene for a brief group discussion.

Exoplanets 101 | National Geographic
Who was the target audience for
this video?
What were some effective strategies
the video used to engage the
audience?
Identify which parts of the video
could be potentially misleading to a
non-expert.
How could the video be changed to
avoid these misconceptions while
still being accessible to the public?
(0:00-2:20)

Exoplanets 101 | National Geographic
YouTube Comments:
● “Judging by the size and
composition of all matters in this
universe... I highly doubt that we
are the only civilization
available..”
● “I think alien life could adapt and
grow on the "non habitable
worlds", we are not the center of
the universe so technically there
could be life on venus and we
just arent looking for it”

Group activity materials

Type

Water discovered on ‘habitable zone’ exoplanet could actually be methane, new study ﬁnds

News article

China Wants to Search for Habitable Planets to 'Expand Our Living Space'

News article

Think Twice About Escaping Earth to an Exoplanet

News article

Astronomy & Astrophysics 101: Exoplanet

News article

Wasp-76b

Twitter post

Kepler-1649c

Twitter post

NASAExoplanets

Twitter account

NASA’s New Planet Hunter: TESS 2:59-4:06

Youtube Video

What Is an Exoplanet? 0:52-1:49

Youtube Video

The Most Horrifying Planets Ever Discovered 8:50-9:46

Youtube Video

Scientists Discovered 24 Planets Even Better for Life Than Earth 6:48-7:46

Youtube Video

Questions which arose during workshop
●

Misconceptions are not the fault of the students themselves, and are normal
outcomes of learning. What K-12 education standards exist for astronomy?
○

The National Science Education Standards (1995) are guidelines for K-12 science education
in US schools. Content standards for Earth and Space Science includes:

K-4

5-8

9-12

1. Properties of earth materials
2. Objects in the sky (the sun, moon, stars, clouds,
birds, airplanes)
3. Changes in earth and sky (natural disasters,
weather, patterns of movement of the sun and moon)

4. Structure of the earth system
5. Earth’s history
6. Earth in the solar system (the sun, eight planets
and moons, asteroids and comets, gravity keeping
planets in orbit around sun, sun as energy source for
Earth)

7. Energy in the earth system
8. Geochemical cycles
9. Origin and evolution of the earth system (incl.
solar system formed from a nebular cloud)
10. Origin and evolution of the universe (“Big bang”
theory, hydrogen and helium clumped together to
form stars & galaxies)

○

○

But retaining interest in astronomy may require participation in out-of-school activities:
students that spend extracurricular time observing stars, or read/watch science-related
materials are more likely to be interested in astronomy careers at the end of high school
(Bergstrom+2016, JAESE).
Please see AAS’s K-12 Resources for more information!

Questions which arose during workshop
●

How are teachers trained in astronomy?
○
○

●

There is no legally enforced national curricula or examinations. Some states have laws
requiring accreditation for schools. See the U.S. Department of Education website.
Teachers have misconceptions about astronomy, too! Barrier 2010, Phys. Teach. tested
elementary and middle school teachers in western NC before astronomy workshops. 32% of
participants incorrectly or failed to response to “Why is winter colder than summer?”. Only
4% completely answered and another 28% partially answered “Describe the phases of the
Moon and how they are produced.”

Other great questions we didn’t answer:
○

○

Children hear about astronomy terms from “exoplanet” to “multiverse” from games, movies,
etc. that they aren’t exposed to in the classroom. How can current research ﬁndings be
integrated into K-12 curricula?
How do astronomy education standards in the US differ from other countries?

