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You are a science detective assigned to investigate this space mystery.
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A complete student case file
with guided worksheets for
every step of the investigation.
10 detailed evidence cards
hased on exoplanet research e oeaton
as well as real-world examples ~ —— | e
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HOW THIS ACTIVITY HELPS YOU

> Saves prep time Wlth 2 fully structured, " o 5 B INVECTIGATION
print-and-go investigation. Students:

> Drives high engagement while still 1. Step into the role of a Science-E

2. Examine real scientific£bace evidence irom™&sarth

meeting academic goals as students are  ;nq beyond.

Interested in what they’re doing.
Y>> Builds deep understanding with real-
world relevance as the students
analyze real evidence, make Reasoning.
: : : 8. Propose real solutions that matter.
ConneCtlonS1 and USlng CER to explaln Yo% %% The added images and graphs enhanced the activity. My

students were engaged and motivated during the case study, and it was

eve ryd ay S pace p h enomena. an effective introduction to the topics. - Mystery Resource Buyer 99




HOW THIS MYSTERY

WILL HELP YOU

> Prep-FREE and fully editable Mystery Investigation - just

print/upload and assign with no materials.

Y>> Evidence Cards can be printed with and without images or
projected on board.

> Engages every learner through hands-on, high-interest
mystery investigations that boost motivation and participation.

>> Builds essential skills such as graph interpretation, problem-
solving, teamwork, creativity, and communication.



What Will Your
Students Learn?

FULLY EDITABLE AND READY-
TO-GO INVESTIGATION
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'RUBRIC EVIDENCE
66 CARDS ™
Yo Je % This is very well crafted and it great to use for a subplan but
also when | am in-class with students. They enjoy the detective layer of the

work and it kept the students engaged. - Mystery Resource Buyer

@What an exoplanet is

@ How scientists can detect planets they cannot
see directly

@ How the transit method works

@ How a star’s brightness can reveal an orbiting
planet

@ How a planet’s gravity can make a star
wobble

@Why repeated patterns are important scientific
evidence

@ How scientists rule out random changes in
starlight

@ How transit data can give clues about planet size

@ How to use Claim-Evidence—Reasoning
(CER) to support scientific explanations

@ How exoplanet discoveries help scientists learn
about other solar systems



Part 1 — Mission Briefing & Case
Overview

Students take on the role of science
S detectives and are introduced to

Case File #660 — The Exoplanet Discovery Mystery
A team of students is studying distant stars when they discover a major problem. Planets around other
stars are usually too far away and too faint to see directly. In most cases, the bright light from the star

makes the planet almost impossible to spot with a normal image. I t d h th ’ d
During the investigation, students notice that scientists do not always need to see a planet directly to exop an e s an O W ey re O u n [ |
know it is there. Instead, they can look for clues in the star’s light and motion. In some cases, a star

becomes slightly dimmer at regular times. In other cases, a star seems to move back and forth very
slightly.

s e | PAME 2 = UNCerstanding How Scientists

passes in front of the star, it blocks a small amount of light. If a planet’s gravity pulls on the star, the
star can wobble a little as both objects move around a common center.

]
Scientists know that planets around other stars, called exoplanets, are often discovered by observing
how they affect the light or motion of their stars. By measuring these repeated patterns carefully, n 0 W a n e s X I s ro u n e r a rs

scientists can gather strong evidence that a planet is present.

The Exoplanet Discovery Mystery

Part 1 — Mission Briefing & Case Overview

Possible explanations include:
e A planet passes in front of its star and blocks some light

e o Students read a short background passage

e Scientists combine multiple observations to confirm planets
e Stars dim randomly for no reason
No single observation fully explains how scientists know planets exist around other stars.

and answer guiding questions to build

Your Mission
¢ |dentify how scientists detect planets around other stars
Analyze how planets affect the light and motion of stars

[ ]
Track how repeated observations reveal hidden planets
Explain how scientists know planets exist around other stars O u n a I O n a u n e rS a n I n e O re
The success of the mission depends on what you discover.

Part 2 — Background: How Do Scientists Discover Exoplanets?
Read the background information provided “Understanding How Scientists Know Planets Exist

o other s e e anal yZi ng evidence.

2. How can scientists detect a planet they cannot see directly?

- AhMhass ddames o b sann ableasmes omenmmne b Ailes e sasmbisbol s ssshe e & salamad 1o meesmsmd”™



Part 3 — Evidence Log

For each Evidence Card, answer the questions below in 1-2 sentences in the chart.
1. Summarize the evidence in your own words.
2. Choose the one category that best fits each piece of evidence.

[J Cause [ Pathway O Impact

Example Evidence Log Entry

This evidence suggests a pathway because a changing signal from a star can provide evidence that

something is orbiting it.

Evidence # Key Understanding

1

10

Part 4 — Suspect List
How Do Scientists Know Planets Exist Around Other Stars?
Rank the suspects from 1 (most responsible) to 5 (least responsible).

Ranking Suspect Why You Ranked It This Way

Repeated patterns in starlight
can reveal orbiting planets

A planet passes in front of its
star and blocks some light

Scientists combine multiple
observations to confirm planets

A planet’s gravity makes its star
wobble

Stars dim randomly for no
reason

Part 3 — Evidence Log

Students begin examining the evidence cards and

record key information, observations, and insights

In their evidence log.

Evidence Card 4 — Star Wobble
The star’s light showed tiny back-and-forth shifts, suggesting that the star was mov
slightly toward and away from Earth.

Detective Prompt: How could a planet make a star wobble like this?

Part 4 — Suspect List
Students rank possible

Evidence Card 8 - Random Dimming Check

Stars can change brightness for other reasons, so scientists compare timing and
repeatability before deciding a planet is present.

Brightness Real-werld example/data Why scientists check timing and
| patterns | repeatability
A planet transit | NASA explains that a transit creates a small, regular dip in | If the same dip repeats on a regular
a star’s brightness when a planet passes in front of it. schedule, it may show an orbiting
planet.
An eclipsing TESS observes tens of thousands of eclipsing binary stars, | Repeated dimming is not always a
binary star where two stars eclipse each other and create repeated planet; another star can also block light,
brightness dips.
False positive MNASA’s Kepler false positive table says false positives are | Scientists must rule out non-planet
signal transit-like signals not caused by planets, often from causes before confirming a planet.
eclipsing binary stars. (
Stellar Transit-like signals can also come from other “noise” in Scientists compare many observations
variability or space as well as instrument errors, to make sure the pattern is real and
nolse repeatable.

Detective Prompt: Why is it important to rule out random changes?

Evidence Card 9 - Planet Size Clue
Larger planets can block more starlight, while smaller planets usually create a smaller

transit signal.

Detective Prompt: How can transit data give clues about a planet’s size?

Issues, defend their

choices, and determine which suspect is most

responsible for the problem.



EVIDENCE CARDS

Y>> All Evidence Cards come in two versions -

With images and graphs and Without and can EEBE

be printed or projected as needed. Note: Both
contain data tables.
>Students analyze each Evidence Card and
record the following in their Evidence Log
1. Summarize the evidence in their own words.
2. Determine what this evidence suggests
What causes it
Pathway
Its impact
3. Explain what question
for them?

this evidence raises

Evidence Card 4 - Star Wobble
The star’s light showed tiny back-and-forth shifts, suggesting that the star
slightly toward and away from Earth.

OBSERVED SPECTRUM OBSERVED SPECTRUM

When the star moves a littie from Ear\
its light shifts slightly

‘When the star moves a litte
its light shifts skghtly

Detective Prompt: How could a planet make a star wobble |
Evidence Card 5 — Gravity Link

Scientists explained that a planet and its star both orbit a shared center because gravity
pulls on both objects.

ive Prompt: Why would a planet affect the motion of a much larger star?

Part 3 - Evidence Log

or each Evidence Card, answer the questions below in 1-2 sentences in the chart.
Summarize the evidence in your own words.

oose the one category that best fits each piece of evidence.

O Impact

In most exo
on the star were m
Discovery category

Transit
Radial velocity
Microlensing
Transit timing
variations

Detective Prompt: W/

y because a changing signal from a star can provide evidence that

Evidence # Key Understanding

10

Part 4 — Suspect List
How Do Scientists Know Planets Exist Around Other Stars?
Rank the suspects from 1 (most resp to 5 (least resy
Ranking Suspect Why You Ranked It This Way
Repeated patterns in starlight
| can reveal orbiting planets
A planet passes in front of its
| star and blocks some light
Scientists combine multiple
| observations to confirm planets |
A planet’s gravity makes its star
| wobble
Stars dim randomly for no
reason

Images

Graphs

Evidence Cards — No Images

Evidence Card 1 - Transit Dip

A distant star became slightly dimmer at regular time intervals, then returned to its
usual brightness,

Detective Prompt: Why would a repeated dip in brightness suggest an orbiting planet?

Evidence Card 2 - Tiny Light Block

Scientists found that the star's brightness dropped by only a small amount during each
repeated dip.

Detective Prompt: What does a small dip suggest about the object passing in front of
the star?

rd 3 - Repeating Orbit Pattern
happened again and again after the same number of days each time.
mpt: Why is a repeated timing pattern important evidence?

rd 4 - Star Wobble

ight showed tiny back-and-forth shifts, suggesting that the star was moving
rd and away from Earth.

Prompt: How could a planet make a star wobble like this?

rd 5 - Gravity Link
E:\ained that a planet and its star both orbit a shared center because gravity
objects.

Prompt: Why would a planet affect the motion of a much larger star?

rd 6 — Not a Direct Photo
iplanet discoveries, the planet was not directly photographed, but its effects
fwere measured.

¥ category What scientists measured Confirmed
_ | planets
N Tiny dips in the star’s brightness as a planet passes in front 4,640
Small back-and-forth “wobble” of the star from gravity | 1,180
ﬁ Temporary brightening caused by gravity bending light | 278
ng. Changes in timing of transits caused by other planets 40

;umpt: Why can indirect evidence still be strong scientific evidence?

Text
Only




Part 5 — Pathway Tracking
Students determine the scientific
pathway responsible for detecting
S~ exoplanets.
e Part 6 — Impact Analysis
Students analyze how exoplanets are
found using evidence from the case to
support their answers.
Part 7 — The Big Question
Students synthesize all their learning to
explain the main cause of the problem or
ISsue In this case.




Part 8 — Claim-Evidence-Reasoning (CER)
Part 8-10 Students write a structured scientific
argument, making a claim, supporting it with
evidence, and explaining their reasoning for
how scientists can know a planet exists
around another star even If they cannot
see It directly.

Part 9 and 10 — Solutions and Reflection
Students propose realistic actions at the
personal, school/community, and
scientific/environmental system levels,
moving from awareness to problem-solving.




Full Teacher Answer Key

Teacher Answer Key
Part 2 - Background Questions
1. What is an exoplanet?

An exoplanet is a planet that orbits a star outside our solar

2. How can scientists detect a planet they cannot see direct
Scientists can detect a planet they cannot see directly by ¢
motion of its star.

3. Why does a star sometimes appear to dim or wobble wh
A planet can block a small amount of starlight as it passes
make the star wobble.

Part 3 - Evidence Log — Key Points

Evidence # Key Understand

1 This evidence suggests a pathway because a planet pz
repeated dip in brightness.

2 This evidence suggests an impact because the amount
of the object crossing the star.

3 This evidence suggests a cause because a repeating tir
object is returning again and again.

4 This evidence suggests a pathway because a planet’s g
back and forth.

5 This evidence suggests a cause because gravity explair
its star.

6 This evidence suggests an impact because indirect me
when scientists cannot see them directly.

7 This evidence suggests an impact because repeated si
that planets around other stars are common.

8 This evidence suggests a cause because scientists mus
before identifying a planet.

9 This evidence suggests an impact because transit size
size.

10 This evidence suggests an impact because combining |

evidence for an exoplanet discovery.

Part 4 — Sample Suspect Ranking

Ranking Suspect
1 A planet passes in front of its star and This is one of th
blocks some light scientists detec
2 A planet’s gravity makes its star wobble | This is another
scientists cannc
3 Repeated patterns in starlight can reveal | Repetition help
orbiting planets caused by an or
4 Scientists combine multiple Using more tha
observations to confirm planets much stronger.
5 Stars dim randomly for no reason This does not e:
patterns used it

Part 5 - Pathway Tracking

Scientists observe a distant star - the star shows repeated dimming or wobble - the pattern matches
an orbiting object - the object is identified as an exoplanet - scientists learn more about the planet
and its system

Part 6 — Impact Analysis

Impact of Starlight Changes
Changes in a star’s brightness help scientists detect an exoplanet because a planet can bls
amount of the star’s light as it passes in front. If the dimming happens at regular iz
that the same object is orbiting the star again and again. This gives scienti

Impact of Star Wobble
A star’s motion can provide evidence of a plang
objects move around a shared center. Thi
Earth. By measuring that wobble
star.

Understanding How Scientists Know Planets Exist Around Other Stars

Scientists have discovered that our solar system is not the only one with planets. Far beyond Earth,
many stars have planets moving around them. These worlds are called exoplanets. Even though
exoplanets are very far away and usually much too faint to see directly, scientists have still found

thousands of them by studying the stars they orbit.

An exoplanet is a planet that orbits a star outside our solar s
move around the Sun, exoplanets move around dis
different orbits, and exist in man
more about how p

Scie

\ ‘
to move slightly when a planet is present. This happens because gravity pulls on

anet and the star. Even though the star is much larger, the planet’s gravity can still make it
sole a little. Scientists can measure this tiny back-and-forth motion and use it as evidence that a

planet is there.

A star sometimes appears to dim or wobble when a planet is present because a planet can block a
small amount of starlight as it passes in front of the star, or its gravity can make the star wobble. These
changes are often very small, so scientists need careful measurements and repeated observations to
be sure the pattern is real. They also compare different kinds of evidence so they do not confuse a

planet signal with random changes in the star.

directly by observing how it affects the light or motion of
e brightness of a star over time. If a planet passes in front
tarlight. This makes the star look slightly dimmer for a short
again and again at regular intervals, scientists can infer that a

aoarJust as Earth and the other planets
1ese planets can be different sizes, have
tems. Scientists study exoplanets to learn
systems are like.

planet is present.

Rubric Names: Date:
Section Criteria Level 4 Level 3 Level 2 Level 1
Impact on Scientific Understanding Part 2- Understanding | Answers are accurate, thorough, and Answers are accurate | Answers are partially correct | Answers are
Exoplanet discoveries help scientists anetary systems too. They also Background | of Core clearly explained using correct scientific | with clear explanations | or lack detail incomplete or
help scientists compare planet sizes, © ons in other systems. This expands our Questions | Concepts vocabulary inaccurate
understanding of how common planets erse. Use of Evidence | Consistently uses information from the | Uses reading to support | Limited reference to reading Does not reference
from Reading background reading to support answers | most answers reading

The Bi Understanding | Accurately identifies cause, pathway, or | Correctly identifies most | Identifies some categories Misidentifies most
Pa.rt 7_' e Big Question . . . of Evidence impact for all evidence and clearly evidence categories correctly but explanations are | evidence or provides
Scientists know planets exist around other stars by measuring how those planets affect their stars. A explains reasoning with clear explanations | incomplete little explanation
planet can cause a repeated dip in starlight when it passes in front of the star, and its gravity can make Use of Scientific | Consistent, precise scientific vocabulary | Appropriate scientific Limited or inconsistent Minimal scientific
the star wobble. These repeated and measurable patterns give scientists strong evidence of an orbiting Li"EllﬂEf — Wﬁl_’”'ﬁf‘r - Wﬁ'*_’u'a_f‘r . |al'lstfase
planet even if they cannot see the planet directly. The evidence from this investigation shows that joking & Ranking is logical and fully supported | Ranking is mostly logical | Ranking is partially supported | Ranking lacks

. . . ation with case evidence with some evidence but reasoning is weak evidence or logical
changes in starlight and star motion can reveal exoplanets. support reasoning

Part8 - CERE
Claim
Scientists kno|
light and mot

Evidence
1. Adista
bright

2. Thes

Reasoning
The first piece

Dption
- Marking Rubr

Clearly traces accurate multi-step
pathway showing how the problem
gads through the body

Shows correct pathway
with minor gaps

Shows limited or partially
accurate connections

Pathway is unclear or
inaccurate

h explanation of system-level Explains most effects Partial understanding Limited
correctly understanding
ellular impact Mostly accurate Basic or incomplete Inaccurate or missing
explanation explanation explanation
all health General connection Limited connection Mo clear connection
made
_aing Clear explanation using | Basic explanation with limited | Minimal or
i some evidence evidence unsupported
/ explanation
/,«ﬂ?fi:alh.r accurate Clear but somewhat Claim present but vague Claim unclear or
general claim missing

levant pieces of case

,.:O{ used

Some relevant evidence
used

Limited or weak evidence

Evidence missing or
irrelevant

rly explains how evidence supports
claim using science concepts

Reasoning mostly clear
with minor gaps

Limited reasoning connection

Mo clear reasoning

wobble patterns match what scientists expect from orbiting planets, the evidence supports the claim

Thoughtful personal, community, and

Practical solutions in

Basic or incomplete solutions

Solutions missing or

" >
that planets exist around other stars. " medical/system solutions most categories unrealistic
#
’
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Get all my Space Exploration Mystery Activities at a SPACE EXPLORATION
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https://www.teacherspayteachers.com/Product/Space-Exploration-Detective-Mystery-Bundle-Astronomy-Activities-Space-Science-16252871
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| am a real person and If
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suggestions, or concerns,

please reach out. \’




	SCROLL to take a look inside!
	What You Get
	HOW THIS ACTIVITY HELPS YOU
	HOW THIS MYSTERY

	WILL HELP YOU
	What Will Your Students Learn?
	Part 1 – Mission Briefing & Case Overview
	Part 3 – Evidence Log
	Part 4 – Suspect List

	EVIDENCE CARDS
	Images & Graphs
	Text Only
	Part 5 – Pathway Tracking
	Part 6 – Impact Analysis
	Part 8 – Claim-Evidence-Reasoning (CER)
	Part 9 and 10 – Solutions and Reflection

	Full Teacher Answer Key

	Optional Marking Rubric

