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Preface 
 
 
 
Welcome to the joys of  Investigating Mathematics through Patterns. 
 
Hewlett-Packard Calculators is pleased to introduce you to “Investigating 
Mathematics through Patterns”, a discovery and investigation based learning resource that 
will help your students build new mathematical knowledge through the guided exploration of 
patterns in problems which are solidly based on the real world. 
 
We have taken great care to ensure this resource will make learning realistic and fun for the 
students. This material again demonstrates Hewlett-Packard’s dedication to the calculator and 
its educational base. The HP 30S and “Investigating Mathematics through Patterns” simply 
take this dedication to a new level. We know this is just the beginning of the support we hope 
to provide to educators and students and hope this will grow to the levels our other product 
categories have achieved. 
 
To find out more about this and the many other products and services we have to offer please 
visit our web site at www.hp.com/calculators.  
 
Again thank you for your support and use of this resource in your classroom. If you have any 
questions or comments on how to improve or change this or any of our products or materials, 
please contact us at the address above. 
 
We look forward to hearing from you. 
Hewlett-Packard Calculators 
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How to Use This Resource 
 
 
The activities in this book have been carefully designed to follow an investigative approach to 
the teaching of mathematics.  Through introductions which relate the activity to the student’s 
world, they may help to answer the question “When are we ever gonna use this?”. 
 
 
By following this approach and by encouraging the students to develop their own conjectures, 
compare their results, and communicate their conclusions, these activities address a 
multiplicity of the objectives of the Australian curriculum. 
 
 
The Activities 
 
Teachers may choose to use an activity as an adjunct to concepts being explored, as an 
enrichment activity, or as a vehicle to introduce a new topic in a way that is meaningful to the 
students. 
 
 
Teacher Notes 
 
The Teacher Notes at the beginning of each activity provide the following resources: 
 

• a summary of the activity, including an outline of the material covered; 
• the expected outcomes; 
• any required skills and knowledge; 
• any required materials; 
• any natural follow-up teaching points; 

 
 
Student Worksheets 
 
Each activity comprises a worksheet to be photocopied for the student.  In almost all cases 
this worksheet includes space for the student to record their answers. 
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Table of Contents 
Discovery Activities 
 
As any educator knows, the best understanding of a concept is achieved by a student who is 
encouraged to discover the principles and concepts for themselves.  The emphasis in all of 
these activities is the guided investigation of patterns in various mathematical topics, 
grounded in concrete, real-world situations. The student is encouraged to share results, and to 
communicate conclusions verbally and in writing. 
 
Activity 1: Planning the Paths 

Through a realistic introduction, this guided lesson explores the number of paths 
through a network, carefully guiding the student to discover a pattern based on 
Pascal’s Triangle. 
 
Suitable for: Year 10 upward, any upper school courses involving 

networks 
 Required knowledge: Addition of positive integers. Familiarity with Pascal’s 

Triangle is helpful but not essential. 
 
Activity 2: Infinite Series 

The mowing of lawns is used as a geometric base through which the student is  
introduced to the concepts of an infinite series, the algebraic calculation of a sum to 
infinity and the conversion of recurring decimals to their fractional equivalents. 
 
Suitable for: Year 10 (mid to upper ability), any upper school courses 

involving sequences and series. 
 Required knowledge: Addition of fractions, simple percentages, linear algebra, 

familiarity with the concept and notation of recurring 
decimals. 

 
Activity 3: Lines and Regions 

A fascinating investigation into the patterns formed by intersecting lines.  Through 
arranging lines in patterns that maximize the number of intersections, the student is 
encouraged to discover rules involving quadratic equations and triangular numbers. 

 
Suitable for: Year 9 & upward, courses for mid ability upper school. 

 Required knowledge: Basic properties of parallel lines, deduction of quadratic 
rules from sequences of numbers, use of mathematical 
notation for formulae. 

 
Activity 4: Games for Charity 

A realistic scenario is used to introduce the student to the basic concepts of expected 
outcomes and their application to the expected profit or loss for simple games of 
chance.  The student is encouraged to apply this knowledge to the design of their own 
game. 
 
Suitable for: Year 9 & upward, any course involving probability and 

beginning principles of expectations. 
 Required knowledge: Simple probability (cards, area and random draw with 

replacement), profit and loss. 
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Activity 5: Transforming Data 
Through a realistic situation, the student is guide to investigate the effects of change of 
scale and origin on the mean and standard deviation of univariate statistical data. 
 
Suitable for: Year 10 & upward, any upper school course involving 

change of scale and origin for univariate data. 
 Required knowledge: Use of a calculator to find the mean and standard 

deviation of ungrouped univariate data. 
 
Activity 6: How Large is “Large”? 

The student is encouraged to investigate the change in volume of an open top box, 
made by cutting squares out of the corners of a piece of paper and folding up the sides.  
By investigating the change in volume as the size of the square cut-out increases, the 
student discovers the concept of optimization. 
 
Suitable for: Year 10 & upward, any pre-calculus or early calculus 

course. 
 Required knowledge: Volume of a cuboid, algebra (derivation and use of 

simple formulae), trial and adjustment solution of 
equations. 

 
Activity 7: Moths to a Candle 

A simple model for the flight of a moth around a candle involving similar triangles 
leads the student to the investigation of limits to infinity and tangential orbits. 
 
Suitable for: Any upper school course involving advanced 

trigonometry. A good introduction to, or reinforcement 
of the concept of, limits. 

 Required knowledge: Similar triangles, Sine Rule, some understanding of the 
basic concept of a limit as x →∞  of k

x . 
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Teacher Notes 
 
 
Activity Summary 
 
Suitable for: Year 10 upward, any upper school courses involving networks 
 
Planning the Paths provides a carefully guided introduction to the skill of finding the number 
of paths through a rectangular network.  The resulting algorithm is 
very simple and easily deduced by students.  As can be seen right, 
the numbers resulting from the algorithm developed in the activity 
are directly related to Pascal’s Triangle. 
 
The algorithm used is to add together the values immediately above 
and left of the vertex being worked upon.  This is easily extended to 
networks having missing links or joins.  A requirement not to 
pass through a vertex is handled by forcing its value to be zero. 
 
Note: The final page can be omitted for low ability students. 
 
Expected outcomes 
 
The student will deduce the algorithm for finding the number of 
paths through a regular rectangular network, assuming no backtracking is allowed. 
 
Required skills and knowledge 
 
Some familiarity with the language of networks might be an advantage, although the teacher 
may prefer to use this worksheet as an introduction to the general topic based on a concrete 
example. The most common error made by students in this activity is to confuse the length of 
a path with the number of paths. This should be watched for and corrected by the teacher. 
 
Required materials 
 
None. 
 
Follow-up teaching points 
 
The activity ends with an invitation to the students to try to use the nCr button to find a rule 
giving the same result.  For regular rectangular networks this is simple, as it is also for 
networks linked at a corner (see above), for which answer is 2 2

2
4 2

2
+ +×b g b gC C  or 2 2

2
4 2

4
+ +×b g b gC C . 

 
The teacher may also wish to follow this investigation with other network problems such as 
the Shortest Path through a network, many of which have quite simple algorithms that can be 
easily understood by students of all levels.  These problems are regarded well by students 
because of their clear basis in the real world. 
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A good start to 
solving any problem 
is to simplify it. 

Planning the Paths 
 
 
 
Janet is a television reporter and wants to cover the route taken by the 
Australian Cricket team during a victory parade.  Her problem is that the exact 
route will only be announced on the day of the parade, although she knows that 
they will be starting at A and finishing at B on the map below right.  Janet would like to check 
out the route in advance to find the best positions for her camera crews. 
 
“Hey!” said Jim, her assistant, “How hard can it be?  We have a 
map of the streets they’ll be going through.  There must be only 
a few paths they could take.” 
 
“I don’t know,” said Janet, “I suspect that you might find that 
there are more paths than you expect.  Why don’t you spend a 
bit of time working it out and let me know?” 
 
Jim wondered if there was a simple pattern or rule which he 
could use to find out the number of paths. 
 

Your task is to find out for him. 
 

Through this sheet you will be 
investigating the number  

of paths that can be 
taken through a network. 

 
We will begin with a very simple network and try to find a 
pattern for that.  From there we will gradually work up to 
more complex networks until we can solve Jim’s problem. 
 
In order to make your task easier we will restrict the directions 
in which you are allowed to move and make all the networks 
right angled grids. 
 
In the network shown right (and all those that follow) you are 
only allowed to move in the direction of the arrows.  Thus it is 
all right to move from A to B but not backwards from B to A. 
 
The other thing that you need to know before you start is 
exactly what is meant by a “path”.  For example, if we were to 
travel from A to G by following the path A – B – D – E – F – G 
then that would only be one path.  No matter how long a path is, it still only counts as one 
path.  In this investigation we will find a way to work out how many paths there are from (for 
example) A to G without having to list them all and count them. 

A

GF

EDC

B

O
K

 to
 m

ov
e 

th
is

 w
ay

OK to move this way



 

1 - 2 

Careful! Don’t confuse the 
number of blocks with the 
number of paths. 

1.   Use the diagram on the right to answer the questions that follow. 
 How many paths are there from: 
 
 (a) A to B?  ________ 
 
 (b) A to C?  ________ 
 
 (c) A to D?  ________ 
 
 
 
2. Use the diagram below right to find numbers of paths for the following questions.  As 

you work out each one, write it next to the letter in the diagram.  You may find that 
this helps to find a way of working out subsequent letters. 

 
 (a) A to B? ________ 
 
 (b) A to C? ________ 
 
 (c) A to E? ________ 
 
 (d) A to I?  ________ 
 
 (e) A to F? ________  
 
 (f) A to G? ________ 
 
 
 
3. In working out how many paths there were from A to G, did you need to take into 

account the number of paths from A to K?  Why? 
 
 
 
 
 
 
4. Now that you know how many paths there are from A to I and from A to F, explain 

how this can be used to find the number of paths from A to J. 
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5. Continue this process to find the number of paths from A to each of the remaining 4 
vertices (D, H, K and L). 

 
 D: ___________   H: ___________  
 
 K: ___________   L: ___________  
 
 

 
Check:   Don’t proceed past this point if you are on the wrong track.  The answer you 
should have obtained for the number of paths from A to K is 6 and the number of 
paths from A to L is 10. 
 

If you did not get those two answers then check with your teacher 
to find out where you have gone wrong. 

  
 
 
6. Explain in words the rule which you have found.  Make sure you include a diagram to 

illustrate your explanation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Show your explanation to another student who has reached this point.  Discuss any 
differences and amend your explanation or diagram accordingly. 
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7. On this page are a number of networks of increasing difficulty.  For each one the usual 
rule applies as to which directions you may move.  In each case you are to find the 
number of paths from A to Z unless there are other instructions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(g) Find the number of paths through the network from 

question (f) which do pass through the point M.  The 
diagram is shown again on the right. 
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(h) In the network right, find the number of paths which 
pass through either M or N but not both. 

 
 You may need to redraw the grid as part of the 

working.  Ask for graph paper if you need it. 
 
 
 
 
8. It’s now time to go back and solve Jim’s original problem 

for him.  The road map is shown right. 
 
 
(a) On graph paper, draw a network which is equivalent to 

the set of roads leading from A to B. 
Remember that it is not necessary to include any roads 
falling outside the rectangle with corners at A and B. 
 

(b) Calculate the number of paths from A to B using the rule 
which you worked out earlier. 

 
 
 
 
 
 
 
9. When Jim reported his results to Janet she was a bit 

discouraged but told him that she had some additional 
information which might narrow the number of 
possibilities. 

 
 She had surveyed the area and had found that there were 

road works at point X which would not allow the official 
parade through and, more importantly, that there was a 
particularly good “photo spot” at point Y at which she 
was sure the team would want to stop to sign autographs. 

 
 How many paths does this reduce the total to? 
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10. Although Janet was pleased with Jim’s work, she was sure that there had to be an 
easier way to calculate the results. 

 
She pointed out that the numbers he was coming up with were clearly related to 
Pascal’s Triangle (shown below).  In Pascal’s Triangle, the value in each cell is 
obtained by adding together the two cells above it. 

For example… 3 3  

  6   

 
  Pascal’s Triangle 1   Row 0 
 1 1   Row 1 
 1 2 1   Row 2 
 1 3 3 1   Row 3 
 1 4 6 4 1   Row 4 
 1 5 10 10 5 1   Row 5 
 1 6 15 20 15 6 1   Row 6 
 1 7 21 35 35 21 7 1   Row 7 
Position # 0 1 2 3 4 5 6 7  

 
 
 
 
Your calculator can find these numbers for you.  For example if you type in [ 7 ] [ nCr ] [ 3 ] 
your calculator will give you the answer 35. 
 
Janet suggested to Jim that he should check to see if the nCr function could be used in finding 
the number of paths through a network.  Use the networks below to find a way to apply the 
nCr function to Jim’s problem.  It will help to calculate the next few rows in Pascal’s triangle. 
 
 
 
 
 
 
 
 
 
Explain what you have found: 
 
 
 
 
 
 
 
 
 
 

Position # 3 in row 7 is 35 
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