Honors Chemistry — Unit 1: Foundations of Chemistry & the Nature of Science
MUST DO   |   Area 1 · The Scientific Process & What Constitutes Science
Option A: Investigation Architect: From Question to Plan
Covers Level 3.0 targets: SC.912.N.1.1 T1, T2 · SC.912.N.1.2 T1, T2 · SC.912.N.1.6 T1
The scientific process has no single "set" first step, but every investigation begins with a testable question. In this assignment you will act as the architect of a complete investigation.
The Assigned Question
A chemistry student wonders if the temperature of water affects its density. 
Context you already know: water undergoes thermal expansion, meaning as the temperature increases, the molecules move faster and spread further apart. However, as water cools and turns into ice, it floats in other liquids. 
Part 1 — Deconstruct the Question (Level 3.0 target N.1.1 T1)
1.  Identify the independent variable and state how you would select the conditions tested. 
2.  Identify the dependent variable and state the exact tool and method you would use.
3.  List at least three controlled variables that must be held constant, and explain why each one matters to this experiment.
4.  Restate the question as a specific, testable inquiry that names the IV and DV.
Part 2 — Write a Hypothesis
Write a hypothesis in a manner that predicts how the dependent variable will change with respect to the independent variable, making sure to give a one-sentence justification at the structural level.
Part 3 — Plan the Procedure
1.  Write numbered procedure steps a lab partner could follow without asking you questions.
2.  List the specific laboratory tools (e.g. glassware, measuring devices, timing tools) you would use at each step, and explain what each tool measures.
3.  Explain how many trials you would run and why more than one trial matters for reliability.
Part 4 — Design the Data Table
Sketch the data table you would use, with units in every column header. Include columns for trials and a space for the average. (You do not need to collect data.)
Part 5 — Flag Observations vs. Inferences
1.  List three observations you expect to make (things that can be directly measured or seen).
2.  List two inferences you expect to draw (conclusions based on those observations).
3.  Explain, in one sentence, why each inference is an inference and not an observation.
Part 6 — Why Is This Science?
1.  Name three characteristics of science.
2.  For EACH characteristic, give one concrete example from YOUR plan that satisfies it.
3.  Explain, in one sentence, why this investigation counts as science rather than opinion.
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Option B: Variables & Hypotheses Detective
Covers Level 3.0 targets: SC.912.N.1.1 T1, T2 · SC.912.N.1.2 T1, T2 · SC.912.N.1.6 T1
Four investigation scenarios appear below. Your job: dissect each one like a detective — find the variables, repair the question, write the hypothesis, and separate observation from inference.
Scenario 1 — Rusting Steel Wool
A student wants to know if the concentration of salt in water changes how fast steel wool rusts. She submerges identical pads of steel wool in 0%, 1%, 3%, and 5% NaCl solutions and checks for visible rust every 24 hours.
Scenario 2 — Food-Coloring Diffusion
A student wonders whether water temperature affects how fast a drop of food coloring spreads through still water. She adds one drop to cups at 5 °C, 22 °C, and 50 °C and times how long the color takes to fill the cup evenly.
Scenario 3 — Candle Burn Time
A student tests whether the diameter of a candle changes how long it burns. She uses candles of the same wax and height in three diameters (1 cm, 2 cm, 3 cm) and records the time until the flame goes out.
Scenario 4 — Seed Germination
A student claims that "seeds planted in soil treated with solutions of saltwater germinate more slowly" and investigates using bean seeds planted in identical pots under the same light, treated with 1%, 2%, 3%, and 4% saltwater.
For EACH scenario, complete the following (do this four times):
A. Identify the independent and dependent variables.
B. List at least two controlled variables.
C. Rewrite the question as a specific, testable inquiry (if it is already testable, justify why).
D. Write a hypothesis in the predict-the-change form (how the DV changes with respect to the IV).
E. Classify: mark each statement you made as an observation (O) or an inference (I). Tip: a statement that could be checked by measuring or looking is an observation; a statement that adds a conclusion is an inference.
F. Justify: name ONE characteristic of science this scenario satisfies (empirical, testable, replicable, logical reasoning) and explain how.
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Option C : Investigation Autopsy: Observation vs. Inference
Covers Level 3.0 targets: SC.912.N.1.1 T1, T2 · SC.912.N.1.2 T1, T2 · SC.912.N.1.6 T1
A student's lab report is reproduced below, with many areas of improvement. Your task is to perform an "autopsy" on it: separate observation from inference, judge whether it followed the scientific process, and rebuild the broken parts into a testable plan.
The Lab Report 
"Today we did the reaction. We put salt solution and steel wool together. It fizzed a lot and the beaker felt colder, so the reaction was endothermic. I think the reaction worked because we used a lot of steel wool. The bubbles showed that iron oxide gas was being made. We only did it once because it took too long. My hypothesis was that it would make bubbles, and it did, so the experiment was a total success and my hypothesis is proven."
Part 1 — Dissect the Statements
1.  Copy each statement from the report into one of two lists: OBSERVATIONS (directly measured or seen) or INFERENCES (conclusions drawn from observations). You should find statements that look like observations but are actually inferences — flag those with a note.
2.  For each inference, state the observation(s) it rests on.
Part 2 — Evaluate the Process
1.  The scientific process includes: make observations, develop questions, research, formulate hypotheses, test predictions, refine. Identify which steps this report skipped or did poorly.
2.  The student says the hypothesis was "proven." Evaluate that claim and explain why "proven" is the wrong word.
3.  The student ran only one trial. Explain why this undermines reliability and what the student should have done.
Part 3 — Rebuild One Step
The report claims "we used a lot of steel wool" as if it were controlled. Rewrite this as a properly designed step: identify the independent variable, the dependent variable, at least two controlled variables, and the specific tools you would use to collect the data. State exactly what you would measure and with what instrument.
Part 4 — The Science Check
1.  Test this report against the characteristics of science (empirical, testable, replicable, logical reasoning) and state which ones it satisfies and which it fails.
2.  In one sentence, explain why this report is not yet a convincing scientific conclusion.
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Option D: Science or Not? Claim Investigator
Covers Level 3.0 targets: SC.912.N.1.1 T1, T2 · SC.912.N.1.2 T1, T2 · SC.912.N.1.6 T1
Science is characterized by evidence you can measure, questions you can test, logical reasoning, and results that can be replicated. For each claim below, decide whether it meets the characteristics of science — and explain your verdict.
The Claims
	#
	Claim

	1
	"Adding salt to water raises the boiling point of the water."

	2
	"Taking a test on Friday helps me pass chemistry tests."

	3
	"The mixture turned blue because a new substance formed."

	4
	"Wearing this healing bracelet gives you more energy."

	5
	"100 mL of 6% ink solution with yeast produced about 60 cm of separated color bands, and it did the same in all three trials."

	6
	"Astrology can predict your personality based on your birth date."

	7
	"The chromatography paper color separation reaction produces oxygen gas, a claim supported by the glowing-splint test."

	8
	"In my opinion, this is the best chemical reaction."


Part 1 — Verdicts
For EACH claim, mark it: SCIENTIFIC or NOT SCIENTIFIC. (Make sure to decide by the characteristics of the statement, not by tone.)
Part 2 — Justify
For EACH claim, explain your verdict by testing it against the four characteristics of science:
•  EMPIRICAL — is there measurable evidence?
•  TESTABLE — could it be investigated?
•  LOGICAL REASONING — does it follow from evidence?
•  REPLICABLE — could someone repeat it and get similar results?
Your justification must name which characteristics the claim satisfies and which it fails.
Part 3 — The Borderline Claim
Claim 3 sounds scientific but contains a hidden assumption. Explain how a scientist would check whether a new substance really formed (what evidence would settle it).
Part 4 — From Claim to Investigation
Choose ONE claim you marked SCIENTIFIC (e.g., Claim 1: salt raises the boiling point of water). Turn it into a real investigation:
1.  Write the testable question behind the claim.
2.  Identify the independent variable and the dependent variable.
3.  State ONE controlled variable and why it matters for a fair test.
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Option E: Evidence Over Opinion: A CER
Covers Level 3.0 targets: SC.912.N.1.1 T1, T2 · SC.912.N.1.2 T1, T2 · SC.912.N.1.6 T1
The Prompt
Write a CER (Claim – Evidence – Reasoning) defending this statement:
"Science relies on empirical evidence and testable questions rather than opinion or authority."
Required Elements
1.  CLAIM: one sentence stating your position clearly.
2.  EVIDENCE: cite at least two concrete scientific examples from the slideshow (e.g., the mass-vs-volume data, the boiling point/altitude data, conservation of mass, etc). For each example, state the specific measurement that made it evidence.
3.  REASONING: explain WHY empirical evidence beats opinion or authority, using the key characteristics of science (empirical, testable, logical reasoning, replicable). Address the "why not opinion?" question directly: what can opinion not do that evidence can?
4.  PROCESS: for at least one of your examples, state the testable question it answered and the independent and dependent variables that made the test a fair one.
Optional Challenge
Add one paragraph explaining how a claim that is NOT testable (e.g., a lucky pencil) can never become scientific, no matter how many people believe it.
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Option F: Rules of Science Case Study
Covers Level 3.0 targets: SC.912.N.1.1 T1, T2 · SC.912.N.1.2 T1, T2 · SC.912.N.1.6 T1
A case study on the effect of yeast on the decomposition of hydrogen peroxide is performed. Your job: identify which characteristics of science it follows, explain how each characteristic shows up in the investigation, and argue why its conclusion is trustworthy.
The Demonstration (what you saw)
A 6% hydrogen peroxide solution is measured into a graduated cylinder with dish soap. Yeast (a catalyst) is added. A tall column of foam erupts and the cylinder warms slightly. The gas collected above the foam height re-lights a glowing splint. The class repeats the demo twice with the same 100 mL of peroxide and catalyst, and the foam height is nearly the same each time (about 60 cm). The class repeats the experiment, this time without yeast, and no measurable foam is produced. 
Part 1 — Identify the Characteristics
For EACH of the four characteristics of science, explain how it appears in this demonstration. Use at least one specific detail from the description above for each:
1.  EMPIRICAL — what evidence was collected, and how?
2.  TESTABLE — what question was this investigation answering?
3.  LOGICAL REASONING — what inference was made from the evidence (gas identification, energy change)?
4.  REPLICABLE — what in the description shows the results could be (and were) repeated?
Part 2 — Why Evidence Beats Opinion
1.  Explain why the glowing-splint test (evidence) is a more trustworthy way to identify the gas than simply asserting "it's oxygen."
2.  The teacher's authority ("I say it's oxygen") is not what makes it science. Explain what turns the teacher's claim into a scientific claim.
Part 3 — Extend
Design one change a student could make to test a NEW question about this same reaction (e.g., change the amount of catalyst, the temperature, or the peroxide concentration), and state why that new investigation would still qualify as scientific.
Part 4 — The Variables Behind It
1.  State the testable question the demonstration answers.
2.  Identify the independent variable and the dependent variable the class could measure (using details from the description).
3.  Explain what makes that question testable — connect it to one characteristic of science.


