Task: Pascal’'s Triangle
Grade Level: 8
APS Mathematics Standard: Patterns, Functions and Algebraic Concepts

Pascal’s Triangle is a very special pattern. It is used in predicting how many ways heads will turn up
in 20 tosses and how to short-cut some kinds of multiplication in algebra. The triangle is named after
a famous mathematician, but there is historical evidence that the Chinese used this array of number
at least 300 years before Blaise Pascal was even born!

Look carefully at the numbers and try to discover the hidden pattern. Once you've discovered the
pattern, fill in the next two rows of numbers.

Use mathematical language to fully explain the pattern and how you discovered it!

1
11
121
13 31
1 4 6 41
1 51010 51

What the task accomplishes...

> This task allows students to gain experience in finding a pattern.

> Students need to learn to look closely for relationships.

> This is an easy pattern once you know it, but it is not all that easy to discover. Students should be
encouraged to always keep an eye out for patterns.

> Students should be able to apply Pascal’s Triangle to interpret probability experiments.

What students will do...

# Initially, students should be given time to identify patterns.

" Then place students in groups of 2 — 3 students to discuss the patterns they see and complete the
chart.

# Groups should report and discuss their findings as a class.

Time Required: One class period

Interdisciplinary Links: This is a Pre-Assessment Activity for the Math Assessment Task — ‘True or
False?’ Students should have experience exploring and identifying the patterns in the triangle and
then progress this understanding to find the probability of independent events.

There are excellent resources available on probability concepts and activities.

The | Hate Mathematics! Book — Marilyn Burns

Math for Smarty Pants — Marilyn Burns

Probability Games and Other Activities — lvan Moscovich (“Probability Pinball” p. 11, uses Pascal’'s
Triangle to solve.)

Teaching Tips...

¢ Place students in groups of 2-3. Students should identify as many patterns as they can. Each
groups should present their findings.

¢ Make sure students focus on seeking a pattern to continue the rows of Pascal's Triangle. There
are an amazing number of patterns in this array of numbers.

¢ Encourage students to find more than one pattern. The class should discuss these upon
completing the assessment.

Teacher Instructions: Pascal’s Triangle — Grade 8
APS/RDA/CHF: Performance-Based Mathematics Assessment 2001-02 Page 1



Suggested Materials: Paper & pencil, calculators

Possible Solution...

Patterns: These are just a few, your students may find more.... 0

1. Add each row across. Notice the patterns of the sums — each row increases exponentially 2" , 2!,
22,23 etc. or1,2,4,8,16 ....

2. Add each diagonal row from right to left. Notice the pattern of the sums — the sums represent the
next row of the triangle. For example:

6
115
1 1 20
121 4
13 3 1
1 4 6 4 1
1 5§10 10 5 1
1 6 1520 15 6 1

6

3. Add each diagonal row from left to right. Notice the pattern of the sums. Same effect — see above

4. The main secret of the triangle is that each number is the sum of the two numbers above it. For
Example:
1

1 1
1 2 1

13 3 1

1 4 @% 0@)1

1 510 5 1
Benchmark Descriptors:

o The benchmark descriptors and rubric are designed to help the teacher analyze student thinking
and understanding at each of the four performance levels (Novice, Apprentice, Practitioner, and
Expert).

e The descriptors are generalizations of what student work could look like. It is not possible to
anticipate every answer a student can give, so in scoring student work the teacher must use these
generalizations to come to their own conclusions as to where a student is performing on the
assessment.

e The task Pascal’s Triangle is a pre-assessment activity for the task, True or False?, it was
designed as a quick activity to familiarize both the students and the teacher with Pascal’s Triangle.
The following items are not included:

task specific rubric

benchmark papers

detailed solutions

standards alignment

standards matrix
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GENERAL RUBRIC

Novice Does not understand the concept of a pattern.
Becomes too frustrated to work the problem.
Apprentice Attempts the problem and understands the task, but cannot find a pattern.

Practitioner

Identifies one appropriate pattern.
Can explain his/her mathematical thinking.

Expert

Uses conjectures.

Identifies more than one pattern.
Fully explains the reasoning used.
Applies the triangle to a situation.
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Mini Probability Lesson On Pascal’s Triangle:

A

A
A

The name of the row is the same as the number in the second entry.

For Example: Row 3: 13 3 1

The triangle can continue indefinitely.

The sum of each row gives the number of possible outcomes for any probability
experiment with independent events, with an outcome of 1:2 (Heads or tails, true or false
etc.)

Each entry in Pascal’'s Triangle represents a combination. It's row number is the total to
choose from and its position in the row shows how many items to choose.

For Example: In the Task True or False?, the total number of questions on the quiz is 10,
and the position in the row is the 10" question (last number in the row which is 1).
Therefore the probability of answering 0 correctly is 1: 1024.

Each entry in the row tells the number of different outcomes. The nth row of the triangle is
the number of combinations of n things.

For Example: There are 10 questions on the quiz (Row 10), there are 10 incorrect
answers (10" number in the column: 1)

Completed Triangle to Row 10:

1
1 1
1 2 1
13 3 1
14 6 4 1
1 5 10 10 5 1
1 6 15 20 15 6 1
1 7 21 35352171
1 8 28 56 70 56 28 8 1

1 9 36 841261268436 9 1
1 10 45 120 210 252 210 120 4510 1
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