PROBABILITY & SIMULATION
LAB KIT

15 Hands-On Probability Labs for Grades 8-11
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15 Complete Lab Guides * 5 Interactive Google Sheets Simulations
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« 10 Misconception Discussion Cards e Unit Quiz & Answer Key
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TEACHER OVERVIEW

The Probability & Simulation Lab Kit is a comprehensive, hands-on resource designed for students in
Grades 8-11. This kit contains 15 carefully sequenced lab guides that build students’ understanding of
probability from foundational concepts through advanced simulation methods.

Unit Structure & Progression

The labs are organized into five progressive modules:
* Module 1 - Foundations (Labs 1-3): Experimental vs. theoretical probability, Law of Large Numbers,
and dice probability distributions.

e Module 2 - Diagrams & Counting (Labs 4-5): Tree diagrams for two-stage and multi-stage experiments,
systematic counting methods.

* Module 3 - Conditional Probability (Labs 6-7): Introduction to conditional probability and two-way table
analysis.

* Module 4 - Simulation Methods (Labs 8-13): Random number generators, Monte Carlo methods, the
Birthday Paradox, random walks, compound probability, and estimating pi through simulation.

* Module 5 - Synthesis (Labs 14-15): Building probability distributions and a capstone design-your-own
simulation project.

Google Sheets Integration

Every lab includes a Google Sheets component where students build, run, and analyze probability simulations.
Five labs feature fully interactive simulation tools with detailed setup instructions. These digital tools allow
students to generate large data sets instantly and visualize probability concepts dynamically. The Google
Sheets activities reinforce spreadsheet skills including formula writing, chart creation, and data analysis -
valuable cross-curricular competencies.

Key Pedagogical Features
e Hands-On Learning: Students physically flip coins, roll dice, and draw cards before transitioning to
digital simulations.
* Inquiry-Based: Each lab begins with a prediction, followed by experimentation and analysis.

» Progressive Complexity: Labs build systematically from basic probability to advanced simulation
techniques.

* Real-World Connections: Discussions connect abstract probability to everyday scenarios.

» Misconception Awareness: The included discussion cards target the most common probability
misconceptions that students hold.

« Differentiation: Extension activities challenge advanced learners, while the structured procedure
supports all students.

Suggested Pacing

UM Printables Probability & Simulation Lab Kit Page 3



Module Labs Suggested Time

1: Foundations 1-3 3-4 class periods
2: Diagrams & Counting 4-5 2 class periods
3: Conditional Probability 6-7 2-3 class periods
4: Simulation Methods 8-13 6-8 class periods
5: Synthesis 14-15 2-3 class periods
Assessment Quiz 1 class period

NOTE: Each lab is designed to be completed in approximately 40-55 minutes. Labs involving Google Sheets setup may
require additional time for students unfamiliar with spreadsheets. The Data Recording Sheets can be printed and
distributed before each lab to streamline the process.
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PROBABILITY REFERENCE ANCHOR CHART

1. BASIC PROBABILITY DEFINITIONS

Term

Probability

Experiment

Sample Space (S)

Event

Favorable Outcome

Equally Likely

Definition S]] [

A number between 0 and 1 describing how likely an
event is to occur.

P(Heads) = 0.5
A process with an uncertain outcome. Rolling a die
The set of all possible outcomes of an experiment. S={1,2,3,4,5,6}

A specific outcome or set of outcomes from the sample

Rolling an even number
space.

An outcome that satisfies the event of interest. Landing on 2, 4, or 6

Outcomes that have the exact same probability of

i Any specific number on a fair die
occurring.

2. CORE PROBABILITY FORMULAS

Concept

Basic Probability

Complement Rule

Addition Rule (Mutually
Exclusive)

General Addition Rule

Multiplication Rule
(Independent)

Conditional Probability

Formula Explanation

P(A) = Favorable / Total For equally likely outcomes only.

P(not A) = 1 - P(A) :]'Zsppgr?.bablhty an event does NOT

P(A or B) = P(A) + P(B) Events that cannot happen at the same

time.
P(A or B) = P(A) + P(B) - P(A and B) Subtract overlap so it isn't counted twice.
P(A and B) = P(A) x P(B) One event does not affect the other.

Probability of A given B has already

P(A|B) = P(A and B) / P(B) occurred.

3. KEY THEOREMS & TERMS

Term

Definition

Theoretical Probability

Experimental Probability

Law of Large Numbers

UM Printables

What SHOULD happen based on mathematical reasoning and all possible outcomes.
What ACTUALLY happens when you perform an experiment (relative frequency).

As the number of trials increases, the experimental probability approaches the
theoretical probability.
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The outcome of one event does not affect the probability of another (e.g., rolling a die
Independent Events . P y (€9 9
twice).
The outcome of one event affects the probability of another (e.g., drawing cards without
Dependent Events
replacement).
. Two events that cannot occur at the same time (e.g., rolling a 1 and a 2 on a single die
Mutually Exclusive
roll).
Using random sampling to approximate numerical results or probabilities that are hard

Monte Carlo Simulation .
to calculate directly.

UM Printables Probability & Simulation Lab Kit Page 6




LAB 1: EXPERIMENTAL VS. THEORETICAL PROBABILITY

OBJECTIVE: Understand the difference between experimental and theoretical probability by comparing calculated
expectations with actual results from a coin-flipping experiment.

KEY CONCEPTS: Experimental Probability | Theoretical Probability | Sample Space

Materials: A coin, Google Sheets or paper for recording

PROCEDURE

1. Calculate the theoretical probability of flipping heads on a fair coin. (P(Heads) = 1/2 = 0.5)

2. Flip a coin 10 times. Record the number of heads.

3. Calculate the experimental probability of heads for 10 flips. (P_exp = Heads / 10)

4. Flip the coin 40 more times (for a total of 50 flips). Calculate the experimental probability for all 50 flips.
5. Compare your 10-flip and 50-flip experimental probabilities to the theoretical probability.

GOOGLE SHEETS COMPONENT

Setup: Open a new Google Sheet. Label A1 'Trial', B1 'Result' (1=Heads, 0=Tails), C1 'Cumulative Heads', D1
'‘Experimental Probability".
Formulas & Instructions:

* In A2:A51, enter numbers 1 through 50.

* In B2:B51, enter your flip results manually (1 or 0).

¢ In C2, type =SUM $B$2: B2) and drag down to C51.

« In D2, type =C2/ A2 and drag down to D51 to see the running probability.

DISCUSSION QUESTIONS

1. How did your experimental probability change as the number of trials increased from 10 to 507
2. Why might the experimental probability not exactly match the theoretical probability?

3. If you combined your data with the whole class, would you expect the combined experimental
probability to be closer or further from 0.5? Why?

EXTENSION: Repeat this lab using a six-sided die. Calculate the theoretical and experimental probability of rolling a 3
for 20 trials and then 60 trials.
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MISCONCEPTION DISCUSSION CARDS

Print and cut out these discussion cards. Hand them to small groups to debate and resolve before or after the
corresponding labs. Each card highlights a common cognitive bias or misconception about probability held by
students in Grades 8-11.

CARD 1: THE GAMBLER'S FALLACY

The Misconception: If a coin lands on Heads five times in a row, it is 'due’ for Tails, so the chance of Tails on the next flip
is higher than 50%.

The Reality: Coin flips are independent events. The coin has no memory. The probability of Tails on the next flip is
exactly 50%, regardless of previous flips.

Discussion Prompt: Why do human brains look for patterns in random sequences? How might this fallacy affect
someone gambling at a casino?

CARD 2: THE LAW OF SMALL NUMBERS

The Misconception: If | flip a coin 10 times, | should get exactly 5 Heads and 5 Tails. Getting 7 Heads means the coin is
unfair.

The Reality: With small sample sizes, experimental probability often differs significantly from theoretical probability. The
Law of Large Numbers only guarantees convergence over thousands of trials, not 10.

Discussion Prompt: If you flip a coin 10 times, what are the actual odds of getting exactly 5 Heads? (Hint: It's only
about 24.6%). Why is variation higher in small samples?

CARD 3: EQUIPROBABILITY BIAS

The Misconception: When rolling two dice, every possible sum (2 through 12) has an equal probability of occurring
because they are all sums of fair dice.

The Reality: While each individual die face is equally likely, the combinations that make up the sums are not. There are 6
ways to roll a 7, but only 1 way to roll a 2 or a 12.

Discussion Prompt: How does visualizing the sample space (like a 6x6 grid) help disprove this misconception?
Why is 7 the most common sum?

CARD 4: CONJUNCTION FALLACY

The Misconception: A probability with more specific conditions is higher. For example, the probability of drawing a Red
Face Card is higher than the probability of drawing just a Face Card.

The Reality: Adding more conditions (using 'AND’) restricts the sample space further, which can only decrease or
maintain the probability, never increase it. P(A and B) is always less than or equal to P(A).
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Discussion Prompt: Why does adding details to a scenario make it sound more plausible to our brains, even
though mathematically it makes it less likely?

CARD 5: CONFUSING MUTUALLY EXCLUSIVE WITH INDEPENDENT

The Misconception: If two events cannot happen at the same time (Mutually Exclusive), they must be Independent
events.

The Reality: This is the exact opposite of the truth! If A and B are mutually exclusive, knowing A happened means B
CANNOT happen (P(B|A) = 0). Therefore, mutually exclusive events are highly dependent on one another.

Discussion Prompt: If you know it is raining, does that change the probability of it being sunny? Are rain and
sunshine mutually exclusive? Are they independent?

CARD 6: THE REPRESENTATIVENESS HEURISTIC

The Misconception: The sequence H-T-H-T-T-H is more likely to occur from a coin flip than H-H-H-T-T-T because the
first sequence ‘looks more random.’

The Reality: Both specific sequences have the exact same probability of occurring (1/2 x 1/2 x 1/2 x 1/2 x 1/2 x 1/2 =
1/64). Our brains confuse the probability of a specific sequence with the probability of the general distribution of outcomes.

Discussion Prompt: Why do we associate disorder with randomness? If you were running a lottery, would '1, 2, 3,
4,5' be a worse pick than '8, 14, 22, 35, 41'?

CARD 7: CONDITIONAL PROBABILITY CONFUSION (THE PROSECUTOR'S FALLACY)

The Misconception: P(A|B) is the same thing as P(B|A). For example, if the probability of a test being positive given you
have the disease is 99%, then the probability you have the disease given a positive test is also 99%.

The Reality: P(A|B) and P(B|A) are generally very different numbers. P(Positive|Disease) accounts for only sick people,
but P(Disease|Positive) must account for all the healthy people who might get false positives.

Discussion Prompt: If 1% of a population has a disease, and the test is 99% accurate, what is the actual
probability you are sick if you test positive? (Hint: It's much lower than 99% due to false positives!)

CARD 8: IGNORING THE BASE RATE

The Misconception: If an event is rare, but a test detects it, you almost certainly have the event if the test is positive.

The Reality: If the base rate (prior probability) of an event is extremely low, even a highly accurate test will yield more
false positives than true positives. The base rate must be factored into the calculation.

Discussion Prompt: How does this misconception affect real-world medical testing or false accusations in
criminal justice? Why is the initial likelihood of an event so important?

CARD 9: THE HOT HAND FALLACY
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MODULE 5 QUIZ: SYNTHESIS (LABS 14-15)

Name: Date:

1. The expected value (mean) of a probability distribution is best described as:

A) The most likely outcome

B) The long-run average of repeated trials
C) The middle outcome

D) The highest probability

2. When designing a simulation to find the probability of getting at least one Head in 3 coin flips, what is
the easiest mathematical approach?

A) Calculate P(1 Head) + P(2 Heads) + P(3 Heads)
B) Flip a coin 3 times and guess

C) Calculate 1 - P(0 Heads)

D) Add 1/2 + 1/2 + 1/2

3. When designing a custom simulation for a real-world scenario, which of the following is the most
important first step?

A) Generating 10,000 random numbers

B) Creating a line chart in Google Sheets

C) Defining the sample space and the rules for your simulation
D) Calculating the experimental probability

4. If the theoretical expected value of the sum of three dice is 10.5, what does that actually mean?

A) You will roll a 10.5 on every turn

B) Over many rolls, the average sum will approach 10.5
C) A sum of 10 or 11 is impossible

D) The probability of rolling a 10.5 is 1/6

5. A simulation simplifies a real-world scenario. What is a 'simplifying assumption'?
A) Making the math so simple it is no longer accurate
B) Ignoring minor variables to make the simulation manageable while keeping the core probability intact
C) Assuming all probabilities are 50%
D) Only simulating events that are independent

UM Printables Probability & Simulation Lab Kit Page 58



C) The probability of A occurring given that B has already occurred
D) The probability of B occurring given that A has already occurred

7. In a class of 50 students, 30 take Math, 20 take Science, and 10 take both. What is the probability a
student takes Science given they take Math? (P(Science|Math))

A) 1/2
B) 1/3
C) 1/4
D) 2/3

8. You want to simulate an event that has a 30% chance of occurring using the formula
=RANDBETWEEN( 1, 100) . Which range of numbers would represent a successful outcome?

A)1lto3
B) 1to 30
C) 31to 100
D) 30 to 100

9. A Monte Carlo simulation estimates probabilities by:

A) Solving algebraic equations exactly

B) Generating random samples and counting favorable outcomes
C) Using tree diagrams for dependent events

D) Flipping actual coins and dice

10. The Birthday Paradox is counterintuitive because in aroom of just 23 people, thereis roughlya
chance that at least two share a birthday.

A) 5%

B) 23%
C) 50%
D) 100%

11. In a 1-dimensional random walk where you move +1 or -1 with equal probability, what is the
expected final position after 100 steps?

A) 50
B) 0

C) 100
D) -50

12. When designing a simulation to find the probability of getting at least one Head in 3 coin flips, what
is the easiest mathematical approach?

A) Calculate P(1 Head) + P(2 Heads) + P(3 Heads)
B) Flip a coin 3 times and guess

C) Calculate 1 - P(0 Heads)

D) Add 1/2 + 1/2 + 1/2
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13. In a Monte Carlo Pi estimation, a square has an area of 4 and an inscribed circle has an area of Pi. If

75% of the randomly generated points fall inside the circle, what is the estimated value of Pi based on
this trial?

A) 3.14
B) 3.00
C)0.75
D) 4.00

14. The expected value (mean) of a probability distribution is best described as:

A) The most likely outcome

B) The long-run average of repeated trials

C) The middle outcome

D) The highest probability
15. When designing a custom simulation for a real-world scenario, which of the following is the most
important first step?

A) Generating 10,000 random numbers

B) Creating a line chart in Google Sheets

C) Defining the sample space and the rules for your simulation
D) Calculating the experimental probability
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THANK YOU FOR YOUR PURCHASE!

| truly appreciate your support and hope this Probability & Simulation Lab Kit brings
engaging, high-quality learning to your classroom.

Your feedback is incredibly valuable! If you found this resource helpful, please consider taking a
moment to leave a review on Teachers Pay Teachers. It helps other educators find quality materials
and allows me to continue creating premium resources for your classroom.

* k k k% %

Have a question or notice an error?
Please reach out to me via the TPT Q&A section before leaving feedback, and | will be happy to help
or fix it right away!
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