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HOW THIS ACTIVITY HELPS YOU

> Saves prep time with a fully structured,

, | L 10-PART INVESTIGATION
print-and-go investigation.

Students:
> Drives high engagement Whlle Stl” 1. Step into the role of a Science2etective.
. . 2.Examine real scientific gfface evidence from Eayth
meeting academic goals as students are  and beyond.
- - , : 3. Track the pathway $f what causes communicatio!
Int?reSted in what they r_e do”_]g' delays in space uing science and technology. “
> Builds deep understanding with real- 4.Interrogate suspects (space distances, signal
| d | h d speed limitations etc.) and identify the main culpfits.
world relevance as the students 5. Build a scientific case"u_'_nb Claim-Evidence- &
analyze real evidence, make Reasoning.

5. Propose real solutions that matter.

COnneCtiOnS, and USIng CER to eXp|a|n W W % W W The added images and graphs enhanced the activity. M

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

eve ryday Space phenomena an effective introduction to the topics. - Mystery Resource Buyer ’



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.
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What Will Your space

@ Why signals travel at the speed of light but still are not

Students Learn? nstant
@ Why signals to farther spacecraft take longer to
arrive
FULLY EDITABLE AND READY- @ How changing planetary positions affect
TO-GO INVESTIGATION communication delay
_________ FULL @ Why one-way and round-trip communication times
—— | | ANSWER KEY are different

@ How communication delay affects spacecraft, rovers,
and mission planning

@ Why distant missions cannot always rely on real-
time human control

@ Why stronger signals do not remove travel-time delay

UBlc —r— @ How to use Cla!i!n—Evidenc_e—Reasoning (CER) to

66 CARDS ™ | support scientific explanations

W % W W W This is very well crafted and it great to use for a subplan but @ How communication delay ShapeS space exploration

also when | am in-class with students. They enjoy the detective layer of the

work and it kept the students engaged. - Mystery Resource Buyer and engineering decisions
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The Space Communication Delay Mystery

Part 1 — Mission Briefing & Case Overview
Name: Date:

Case File #667 — The Space Communication Delay Mystery

A team of students is studying how spacecraft send messages through space when they discover a
major problem. Space missions depend on communication. Scientists need to send commands to
spacecraft, receive data back, and stay connected during important events. However, messages sent
through space do not arrive instantly.

During the investigation, students notice that mission control sometimes waits seconds, minutes, or
even longer for a response from a spacecraft. They also learn that this delay is not caused by broken
equipment. Instead, it happens because signals must travel across enormous distances in space.

In one example, a signal sent to the Moon came back quickly, but not instantly. In another, a message
sent to Mars took much longer because Mars was much farther away. Students also found that some
spacecraft must carry out tasks on their own because waiting for a message from Earth would take too
long.

Scientists know that communication signals travel at the speed of light, which is extremely fast but not
instant. They also know that the greater the distance between Earth and a spacecraft, the longer it
takes for signals to travel back and forth.

Possible explanations include:

« Signals travel at the speed of light, which is fast but not instant

» Greater distance means longer signal travel time

» Spacecraft and planets can be extremely far apart

» Signals arrive instantly once they are sent

» Mission distance affects how long communication takes

No single observation fully explains why it takes so long for signals to travel through space.

You are a science detective assigned to investigate this communication mystery. Your Mission
» |[dentify what causes communication delay in space

» Analyze how signal speed and distance affect message travel time

* Track why some space missions cannot rely on instant communication

» Explain why it takes so long for signals to travel through space

The success of the mission depends on what you discover.

Part 2 - Background: Why Does It Take So Long for Signals to Travel Through Space?
Read the background information provided “Understanding Why It Takes So Long for Signals to Travel
Through Space” then answer:

1. What causes signals to take time to travel through space?

2. Why do signals to farther spacecraft take longer to arrive?

3. Why can communication in space not always happen instantly?

Part 1 — Mission Briefing & Case
Overview
Students take on the role of science
detectives and are introduced to what
causes space communication delays.
Part 2 - Why It Takes So Long for
Signals to Travel Through Space
Students read a short background
passage and answer guiding questions to
uild foundational understanding before
analyzing evidence.



Part 3 — Evidence Log
Students begin examining the evidence cards and

record key information, observations, and insights

Evidence Card 5 — Rover Response Time
Mission control cannot drive a distant rover like a remote-control toy because each
command and response takes time to travel.

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.

In their evidence log.

This evidence suggests a pathway because a message must travel across a changing distance before a
response can return.

Evidence # Key Understanding
1 A T A TR RIS AT YYAIY SIS A AT M A PR I EA T TEAS AN Aar
extreme amounts of time to travel the distance making space travel communication
very challenging.
? One-Way Radio Signal Travel Time
How L ang N Takes for a S«j'h\.‘ o Reach Distant Destnatons
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5 § - Detective Prompt: Why does delay change how humans control spacecraft?
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6 s ol 00 o A one-way signal between Earth and Mars can take several minutes, depending on
- _- where the planets are in their orbits.
7 rat — Andromeda Galary (M3
45 35 el inghe yoar
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Part 4 — Suspect List
Why Does It Take So Long for Signals to Travel Through Space? a r — u s p e c I s

Rank the suspects from 1 (most responsible) to 5 (least responsible).

Ranking Suspect Why You Ranked It This Way
Signals arrive instantly once they
are sent

Students rank possible issues, defend their

Signals travel at the speed of
light, which is fast but not instant
Spacecraft and planets can be
extremely far apart

S e choices, and determine which suspect is most

Detective Prompt: Whyv would a Mars message take much longer than a Moon

responsible for the problem.



EVIDENCE CARDS

Y>> All Evidence Cards come in two versions -
With images and graphs and Without and can
be printed or projected as needed. Note: Both
contain data tables.

>Students analyze each Evidence Card and
record the following in their Evidence Log

Evidence Card 9 — Extreme Distance Comparison
Space is so huge that one-way signals to the outer solar system and fa
extreme amounts of time to travel the distance making space trave
very challenging.

One-Way Radio Signal Travel Time

How Long It Takes for a Signal to Reach Distant Destinations

One- Way Signal Travel Time

B Radio signals
bt the vast distas

Detective Prompt: How does comparing these distances help explain why
communication delay becomes a major limit in space exploration?

Evidence Card 10 — Repeated Mission Pattern
Across many missions, spacecraft farther from Earth always showed longer
communication delays than nearby spacecraft.

INTERNATIONAL ” SATURN /
MARS MISSIO!
SPACE STATION (155) - ol cassia

Part 3 —Evidence Log

Images

Graphs

Evidence Cards — No Images

Evidence Card 1 - Light-Speed Signal
Radio signals from spacecraft travel at the speed of light, which is extremely fast but not
instant.

ft / Destinati: \pproxi Distance from Earth | One-Way Radio Signal Time
International Space Station (155) | ~400 km 0.001 seconds
Moon (Artemis missions) ~384,400 km 1.28 seconds
Mars (closest approach) ~54.6 million km 3 minutes
Mars (farthest from Earth) ~401 million km 22.3 minutes
Jupiter ~778 million km 43 minutes
Saturn (Cassini) ~1.4 billion km 79 minutes (1.3 hours)
Voyager 1 (2025) ~25 billion km About 23 hours

Detective Prompt: Why would a signal still take time if it is moving very fast?

2 - Moon Delay
nal between Earth and the Moon takes about 1.3 seconds.

u u u u or each Evidence Card, answer the questions below in 1-2 sentences in the chart. N o .
. Summarize the evidence in your own words. impt: What does this show about communication even over a relatively
hoose the one category that best fits each piece of evidence. istance?
n n O Impact
b m must travel hanging distance bef s - s Dalay
JVDeCLES IMESSIRE MUsE Uavel achass a changing chince betorea nal between Earth and Mars can take several minutes, depending on

Key Understanding

2. Determine what this evidence suggests
What causes it :

9

anets are in their orbits.
fompt: Why would a Mars message take much longer than a Moon

ird 4 - Changing Distance

pove around the Sun, the distance between Earth and a spacecraft can
time.

fompt: Why would changing distance affect communication delay?

5 - Rover Response Time
‘ol cannot drive a distant rover like a remote-control toy because each
nd response takes time to travel.
fompt: Why does delay change how humans control spacecraft?

Pathway

Why Does It Take So Long for Signals to Travel Through Space?

Rank the suspects from 1 (mostr ible) to 5 (least

| Ranking | Suspect | Why You Ranked It This Way

Signals arrive instantly once they

ts impact e
3. Explain what question

Spacecraft and planets can be

| ] | ] | [
| | extremely far apart
Greater distance means longer
signal travel time

Text
Only

for them?



How Does Space Communication Delay Happen?

dddddd

Part 5 — Pathway Tracking

Students determine the scientific pathway
responsible for what makes space
communication delays happen.

Part 6 — Impact Analysis

Students analyze the impacts of signal
speed and distance and how this affects
missions 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
the main reason signals take time to
travel through space.

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.




Understanding Why It Takes So Long for Signals to Travel Through Space

F u I I I e ac h e r A n swe r K e Space missions depend on communication. Scientists need to send commands to spacecraft, receive
data from instruments, and stay connected during important mission events. However, messages sent

through space do not arrive instantly. Even though communication signals move extremely fast, space
is so large that travel time becomes an important part of every mission.

Signals take time to travel through spacet
but not instant. Radio
travel at the spes

Teacher Answer Key distance
Part 2 - Background Questions
1. What causes signals to take time to travel through space? '
Signals take time to travel through space because they move
fast but not instant. ‘

at the speed of light, which is very fast
rm of electromagnetic wave, and in space they
ast, but it still takes time for a signal to cross long

.
on

o arrive because they must travel a greater distance. A signal
e over a second, while a signal sent to Mars can take many minutes

2. Why do signals to farther spacecraft take longer to arrive: Part 5 — Pathway Tracking Viars are in their orbits. The farther away a spacecraft is, the longer the
; S‘,ﬁ?z;osgr:‘: :i[::::ie:;ai:‘t :::ielo:f:;33':;::::::::: Asignal i:t sent from :arth - the Isignai)travels at the speed;f |Ii(ght acro;s adhuge disi)ance - the | . A signal to a spacecraft near Neptune would take hours, a signal to the
* / spacecraft receives the message later = a response is sent back across the distance - mission contro :
Communication in space cannot always happen instantly b receives the reply after another delay e Sun would take years, and a signal to another galaxy would take far longer than
far from Earth and signals need time to cross that distance me.
Part 3 - Evidence Log — Key Points Part 6 — Impact Analysis
Evidence Key Understandin Impact of Signal Speed and Distance o . ommunication in space cannot always happen instantly because spacecraft can be extremely far from
# e - o f’:::rll :p::;::;L:ngtf'as::r:::h?:::?;’I'i"g";:'csz':’:pgiazi:::::::r‘;e:n:‘i::a“ S Earth and signals need time to cross that distance. This means mission control cannot always operate a
1 This evidence suggests a cause because even light-sp . + DU ‘ . - .
s e e T e ——— messages to the Moon may take seconds, messages to Mars may take mi distant spacecraft the way someone uses a remote-control device on Earth. By the time a command
slightly. may take hours, and messages to the nearest star would take years, A reaches the spacecraft and a reply returns, valuable time has passed.
3 This evidence suggests an impact because greater dic another galaxy, communication would take far longer than a b
4 This evidence suggests a pathway because changing : Mission Ouerati Changing positions in space also affect communication delay. Earth, Mars, and other planets move
distance for signals. MPECTONIESSIN CPaatOng : : :
s e e = Communication delay makes it harder to around the Sun, so the distance between Earth and a spacecraft can change over time. This means the
is evidence suggests an impact because delay prev
spacecraft o g v and responses cannot happen in re rs.
e knowing what happened. This is ed actions
6 This evidence suggests a pathway because some spa N dgo ¢ instantp:uman santic) Rubric Names: Date: o )
actions when Earth cannot respond quickly enough. ' Section Criteria Level 4 Level 3 Level 2 Level 1 n. During landings
7 This evidence suggests a cause because empty space Part2- Understanding | Answers are accurate, thorough, and Answers are accurate Answers are partially correct Answers are - ee -
needed for light-speed signals to cross huge distance Impact on Space Exploration Background | of Core clearly explained using correct scientific | with clear explanations | or lack detail incomplete or ecause waiting for
8 o sviiinis sttt andnesct acaisn malingaii Understanding communication delay sions must be designed around it. Questions | Concepts vocabulary inaccurate ven when
long It takes to a%five P gas Engineers and scientists need to plan fc , delayed commands, and changing distances Use of Evidence | Consistently uses information from the | Uses reading to support | Limited reference to reading Does not reference
AL — - between Earth and spacecraft. Successf depend on knowing how long communication will from Reading | background reading to support answers | most answers reading
9 This evidence suggests an impact because comparing take and adiusting operations to match t ® delavs Part3- Understanding | Accurately identifies cause, pathway, or | Correctly identifies most | Identifies some categories Misidentifies most
nearest star, and the next closest major galaxy show: J g op N ys. of Evidence impact for all evidence and clearly evidence categories correctly but explanations are | evidence or provides an missions operate
becomes dramatically greater as distance increases. Part 7 - The Big Question Use of Saontih :“pl'a.i':s ’:"""‘3‘3 Sentif bul ::h cle?r:m:nat:i:"s ::Jcn.:"zmel r— I::t,lei exr’a?a;i:: is Why, ' 7
N . i - 5€ 0 entific onsistent, precise scientific vocabulary propriate scientific mited or inconsisten inimal scientific
10 This evidence suggests a cause because repeated mi: Langusge vocabulary vocabulary language

It takes so long for signals to travel through space because signals move at the speed of light, which is

the main reason for communication delay. . . . =TT PE——— P - P : -
Y fast but not instant, and space distances are extremely large. The farther away a spacecraft is, the king & R‘;"L"“"E N '“!ﬂ"-"*' and fully supparted “T"h'“"l! s '““_:’“!' logical :af‘"'"ﬂ is partially 5‘:““"“"" “a_':“"l! 'ﬂ'*ls -
Part 4 — Sample Suspect Ranking longer the signal takes to arrive. The evidence from this investigation shows that communication delay g WiUNGARG Evifieriee ::::p::tm Engience ut reasoning Is wea ::;;:f::’ o5k
Ranking Suspect can grow fromsasang i o e e Clearly traces accurate multi-step Shows correct pathway | Shows limited or partially Pathway is unclear or
1 Greater distance means longer signal Distance is tF pathway showing how the problem with minor gaps accurate connections inaccurate
travel time become long Part 8 - CER aads through the body
2 Signals travel at the speed of light, The finite spe Claim h explanation of system-level E:planr:;: most effects Partial understanding Llrr:tedta -
which is fast but not instant at all. Signals take ti : correctly — uncerstanding
. ellular impact Mostly accurate Basic or incomplete Inaccurate or missing
3 Spacecraft and planets can be Large space ¢ enormous dis explanation explanation explanation
extremely far apart more noticez Evidence all health General connection Limited connection No clear connection
4 Mission distance affects how long This is true ai 1. Aone- made
communication takes missions hav 2. Aone- ) _sing Clear explanation using | Basic explanation with limited | Minimal or

levant pieces of case Evidence missing or
greater. Becau used used irrelevant
supports the rly elxplains how evidence supports Rieasnnhng mastly clear
T farge space distances dlabn Useg slence concepes with o gaps
e ) e Thoughtful personal, community, and Practical solutions in Basic or incomplete solutions | Solutions missing or
4 medical/system solutions most categories unrealistic

5 Signals arrive instantly once they are This is incorr plane / SEiTiE EvldEnce i ::::J:::::t;‘d
sent travel time. Reasoning /,«ﬂ?fi:alh.r accurate Clear but somewhat Claim present but vague Claim unclear or
The first piece general claim missing
delay. The se Some relevant evidence | Limited or weak evidence

Limited reasoning connection | Mo clear reasoning
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rifloughtlulness Deep reflection with personal Clear reflection Basic response Minimal effort
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