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UNIVERSAL "WORLDS BEYOND" 

  ACTIVITY PACK FRAMEWORK 

Centi Astro-Space Activities Mystery Driven Inquiry Series 

PART 1: STUDENT INVESTIGATION WORKSHEET 

Mission Control ID: ASTRO-[YYYY]-[TOPIC CODE] 

Student Name: ________________________ Date: _____________ 

SECTION 1: NARRATIVE LOG 1 — THE DISCOVERY ALERT 

• Source: [Lead Researcher / Observatory Lead Name] 

• Target Target / Phenomenon: [Target Exoplanet, Moon, or System Name] 

• Transmission Status: Incoming Research Briefing 

Narrative Briefing: 

Example to Adapt: "Team, we have an urgent situation with our latest observational data regarding 

[Target Name]. Initial models predicted [Standard / Expected Baseline Condition]. However, 

preliminary analysis reveals a striking anomaly: [Description of Primary Anomaly] along with a subtle, 

low-confidence signal for [Description of Candidate Feature / Biosignature / Physical Phenomenon]. 

The data contains notable measurement uncertainty, but we cannot draw conclusions without deeper 

evaluation. Examine the data fragments below and formulate your assessment." 

Initial Briefing Questions: 

1. Identifying the Anomaly: What two distinct observational findings make [Target Name] an 

unexpected mystery compared to standard textbook models? 

o Feature A (Primary Data Anomaly): 

__________________________________________________ 

o Feature B (Secondary / Candidate Feature): 

________________________________________ 

2. Methodological Caution: Why must researchers avoid claiming a definitive discovery when 

working with preliminary data that carries large error bars or low signal-to-noise ratios? 

SECTION 2: DATA DROP 1 — THE CORE OBSERVATIONAL DATA 

• Data Origin: [Telescope / Instrument / Spacecraft Mission] 

• Observation Type: [Spectroscopy, Light Curve Transit, Direct Imaging, Mass/Radius 

Measurement, etc.] 

QUICK NOTE:  This template is still open 

to modifications and suggestions for 

improvement.  Any input is welcome.  

Contact me at centiastrospace@gmail.com  

mailto:centiastrospace@gmail.com
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• Data Context: [1–2 sentences explaining how students should read the visual chart (e.g., 

"High dips indicate starlight absorbed by gases," or "Spikes indicate thermal emissions")]. 

[ INSERT DATA GRAPHIC / CHART 1 HERE ] 

Data Analysis Tasks: 

1. Feature Extraction: Locate the primary data signatures on the graph above and record their 

values: 

o Measurement 1: _____________ →Physical Property Identified:                

                                                                                 ________________________ 

o Measurement 2: _____________ →Physical Property Identified: 

                                                                                 ________________________ 

2. Evaluating Environmental Conditions: 

Standard celestial bodies of this class are expected to display [Baseline Feature]. However, [Target 

Name] exhibits [Observed Feature] with a notable absence/presence of [Key Indicator]. What 

environment does this pattern imply? 

o [ ]Option A: [Hypothesis 1 — Standard Baseline Environment] 

o [ ]Option B: [Hypothesis 2 — Exotic / Ocean / Active Planet Environment] 

o [ ]Option C: [Hypothesis 3 — Alternative / Non-Standard Physical Model] 

3. Evidence-Based Reasoning: In 1–2 sentences, explain how the graph above supports your 

selection: 

SECTION 3: DATA DROP 2 — THE CANDIDATE SIGNAL / BIOSIGNATURE 

                                                                                                                WHISPER 

• Target Observation: [Specific Wavelength / Chemical Feature / Anomaly Region] 

• Candidate Signature: [Target Molecule / Signal / Structural Feature] 

• Scientific Significance: [Brief explanation of why this feature is biologically, geologically, or 

physically important, alongside a warning about measurement limits]. 

[ INSERT DETAILED DATA CHART 2 WITH ERROR BARS / UNCERTAINTY BOUNDS HERE ] 

Data Evaluation Questions: 

1. Quantifying the Signal: 

o What is the height or magnitude of the detected feature? ~________ [Units] 

o What is the margin of error (uncertainty range) for this measurement? ±________ 

[Units] 
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2. Statistical Confidence: 

Compare the size of the feature to the height of its error bar. When the error bar is as large as (or 

larger than) the feature itself, what is the correct scientific interpretation? 

o [ ]Option A: The feature is 100% confirmed, proving the presence of the candidate 

molecule/phenomenon. 

o [ ]Option B: The feature is a tentative candidate that could easily be background 

noise or instrumental artifact. 

o [ ]Option C: The data proves that the target planet does not exist. 

3. Biotic vs. Abiotic Analysis: 

If future observations confirm this signal is real, why must scientists rule out non-biological 

(geological, photochemical, or stellar) causes before declaring the discovery of life or novel physics? 

SECTION 4: HYPOTHESIS MATRIX ANALYSIS (EVALUATING COMPETING 

                                                                                                                      MODELS) 

Compare the physical characteristics of each theoretical model against the observed data fragments. 

Evaluated 

Criteria 

Model A: [Primary 

Exotic Hypothesis] 

Model B: [Standard 

Baseline Hypothesis] 

Model C: [Unmodeled 

Science / Noise] 

Physical 

Model 

[Description of Model A 

physical structure] 

[Description of Model B 

physical structure] 

[Description of noise / 

calibration error / unknown 

physics] 

Data Drop 1 

Evidence 

[  ]Matches 

 [  ]Contradicts 

[  ]Matches 

 [  ]Contradicts 
[  ]Incomplete / Alternative 

Key Anomaly 

Feature 
[  ]Explains feature well [  ]Cannot easily explain 

[  ]Driven by non-standard 

process 

Data Drop 2 

Signal 
[  ]Predicted by model 

[  ]Absent / Rules out 

signal 
[  ]Instrumental artifact / Noise 

Hypothesis Analysis Questions: 

1. Model Selection: Which model currently provides the most complete explanation for the 

overall dataset? 

[ ]Model A \qquad [ ]Model B \qquad [ ]Model C 

2. Evaluating Trade-offs: 

o What is the strongest piece of evidence supporting Model A? 
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o What is the strongest argument for choosing Model C (Inconclusive / Noise) over 

making an immediate discovery claim? 

3. Avoiding Confirmation Bias: Why is retaining "Model C" essential when analyzing cutting-

edge space science data? 

SECTION 5: CLAIM, EVIDENCE, REASONING (CER) & FINAL VERDICT 

1. Argument Construction: 

o CLAIM: State your definitive conclusion regarding the nature of [Target Name]. 

o EVIDENCE: Cite at least two specific quantitative measurements or observational data 

points from the drops. 

▪ Evidence Item 1: 

________________________________________________________________ 

▪ Evidence Item 2: 

________________________________________________________________ 

 
o REASONING: Explain the scientific principles that connect your evidence directly to 

your claim. 

2. Mission Control Ballot: 

Cast your team verdict based on your analysis: 

o [ ]MODEL A ([Exotic / Discovery Model]): Data supports an unusual or habitability-

relevant environment; signature warrants high-priority follow-up. 

o [ ]MODEL B ([Standard Planet Model]): Target fits conventional planetary 

mechanisms; anomalies are explainable by routine processes. 

o [ ]MODEL C ([Inconclusive / Data Deficit]): High measurement uncertainty renders 

current data inconclusive; additional telescope time is mandatory. 

3. Future Investigation Strategy: 

If granted 30 additional hours of observation time with a major observatory, what specific instrument 

setting, wavelength range, or physical measurement would you request to resolve the mystery? 
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PART 2: EDUCATOR FACILITATION GUIDE 

(Keep separate from student copy distributions) 

MODULE OVERVIEW & IMPLEMENTATION TIMELINE 

• Module Subject: [Topic / Planet Name]: A Mystery-Driven Investigation 

• Pacing Guide: 50–60 Minutes (Single Class Period or Block Session) 

• Required Assets: Printed Student Worksheets (Sections 1–5), Display Screen for Data 

Visuals, Internet link to corresponding blog post / media resource. 

Time Phase Facilitator Guidance 

00:00–

00:10 

1. Narrative 

Hook 

Read Narrative Log 1 aloud. Frame the lesson as an active scientific 

investigation where the true answer is not yet locked in textbooks. 

00:10–

00:20 
2. Data Drop 1 

Display Chart 1 on screen. Walk students through reading axes, 

identifying key peaks/dips, and noting missing/unexpected features. 

00:20–

00:30 
3. Data Drop 2 

Display Chart 2. Focus student attention on error bars. Facilitate a 

discussion on how scientists balance excitement with measurement 

uncertainty. 

00:30–

00:45 
4. Sensemaking 

Divide students into small "Mission Control Teams" (2–4 students). 

Guide teams through evaluating trade-offs in the Hypothesis Matrix. 

00:45–

00:60 

5. Voting & 

Synthesis 

Students complete individual CER arguments, cast their final Mission 

Control votes, and share competing viewpoints in a brief debrief. 

GRADE-LEVEL SCAFFOLDING & TIERED ADAPTATIONS 

• Middle School Tier — Qualitative Observation & Pattern Matching: 

o Focus: Visual pattern recognition, basic feature identification, and plain-language 

concepts (e.g., "Ocean World vs. Gas World vs. Inconclusive"). 

o Facilitation Strategy: Read the narrative hook together. Direct students to focus on 

major visual shapes on graphs rather than numerical calculations. Use simple everyday 

analogies for measurement uncertainty (e.g., "trying to identify a face in a blurry photo"). 

• High School Tier — Quantitative Data Analysis & Physical Constraints: 

o Focus: Precise chart readings (wavelengths, percentages, ppm values), chemical or 

physical equilibrium, and signal-to-noise evaluation. 

o Facilitation Strategy: Require students to cite specific numerical data points in their 

CER arguments. Prompt them to evaluate how physical planetary conditions 

(temperature, pressure, star distance) constrain the competing hypotheses. 
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• Introductory College Tier — Statistical Significance & Peer-Review Rigor: 

o Focus: Signal-to-Noise Ratios (SNR), confidence thresholds (𝜎-levels), stellar 

contamination, and abiotic alternative pathways. 

o Facilitation Strategy: Require students to write their reasoning as a formal peer-review 

critique. Challenge them to explain why an unconfirmed feature failing a 5𝜎confidence 

threshold must be treated as Model C (Inconclusive) under scientific protocol. 

GENERIC ANSWER KEY & EVALUATION RUBRIC 

• Section 1–3 Objective Questions: [Insert topic-specific correct multiple-choice options and 

numerical range values]. 

• CER Evaluation Rubric: 

Assessment 

Tier 
Exemplary Claim Quality Evidence Scientific Reasoning 

Middle 

School 

Clear selection of Model 

A, B, or C. 

Identifies 2 visual 

shapes or labels on the 

charts. 

Connects visual clues to basic 

planetary concepts (e.g., water, 

gas, or blurred data). 

High School 

Explicitly identifies the 

most defensible model 

while acknowledging data 

limits. 

Cites 2 precise 

quantitative 

measurements with 

units. 

Applies physical/chemical logic to 

explain why those values support 

the chosen model. 

College / AP 

Framed as a probabilistic 

assertion based on 

statistical confidence. 

Cites quantitative values 

alongside error bar 

margins (SNR analysis). 

Integrates physical mechanisms 

(photochemistry, equilibrium, 

noise sources) to justify statistical 

conclusions. 

STANDARDS MAPPING TEMPLATE 

• NGSS SEPs: Analyzing and Interpreting Data, Constructing Explanations, Engaging in 

Argument from Evidence. 

• NGSS CCCs: Patterns, Cause and Effect, Systems and System Models. 

• AP / Introductory College Alignment: Equilibrium Dynamics, Data Interpretation, 

Experimental Design, Methodological Uncertainty. 

 

Permission is granted to educators to modify this lesson to fit the needs of students with proper 

attribution to Christopher S. Centi, Centi Astro-Space Activities 
 

© 2026 Christopher S. Centi, Centi Astro-Space Activities 
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