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Ultimate Brackets

Teacher Notes
Introduction

The aim of this activity is to provide students with unlimited practice at both expanding brackets
and factorising both linear and quadratic expressions.. The document contains over 400 distinct
levels of questions for expanding and factorising questions, organised into 30 exercises of
increasing difficulty.

Students tackle sets of 5 questions at a time. Depending on how well the questions are
answered, the program will respond ‘intelligently’ by either increasing the level of complexity,
give more practice at the same difficulty or by making the task less complex.

Students have the option of completing tests which can quickly establish their levels of
competence, and can lead the student onto gradually developing their skills at an appropriate
pace.

Resources

This document works on all models of TI-Nspire handhelds - Numeric and CAS handhelds,
Colour and Greyscale screens, as well as the Computer Software in Handheld Mode.
It is also compatible with the TI-Nspire App on the iPad.

The ‘Ultimate Brackets.tns’ document file is all that is required. Past experience of using this
program with students reveals that this activity ultimately replaces the comparable exercises in
any textbook normally used when teaching this topic.

This activity is so powerful in its ability to provide the right quantities of questions of the right level
of difficulty (in a way that a static textbook exercise can never hope to do), it means that it will
likely become the teacher’s preferred resource for developing and assessing students’ ability to
both expand brackets and factorise expressions.

TI-Nspire Skills required

The only TI-Nspire skills required by the student are the ability to open a TI-Nspire document and
move from one page to the next. All other actions are menu driven, or intuitively obvious.

If the program is being used for the first time with a class then see Appendix 1 for recommended
lesson plans to help both teachers and students experience a productive lesson.

The Activity

Page 1.1 provides a title EHEER’ vireesoonvio OB EEREEREEL> virees s <
page of the contents of the Ultimate Brackets| 3 Press(menu] to change settings
Variables ] tt i
document. This is the tool to practice and improve the
skills of both expanding brackets and Sign Checking
factorising brackets Algsbraio Skil; Sxpa
Page 2.1 is the main activity |, . . Experience Fract

Challenge

page, from which the
program settings can be
changed.

e 2.2 - Performance Graphs Question Order |

je 2.3 - Performance Data

> |
[ Enter exercise number from1t0 20 |

Brief teacher notes are on page 3.1

v

The following pages of these teacher notes describe each of these Start Menu options.
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Start Menu Options
Menu Item Options Available

Variables Only letter x used
Various letters used

Sign Checking Auto correct (-) & -
Strictly check (-) & -

Algebraic Skill Expanding & Simplifying
Factorising
Experience Practice questions

Test conditions
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Description of Options

Questions can be presented either in
terms of a variable x, or a different letter
from the alphabet. This is purely a
cosmetic feature and does not affect
the difficulty of the questions.

Students are often unsure when to type
a negative sign or a subtraction sign.
Also, they often type expressions that
contain consecutive operators, such as
g

Choosing the Auto correct option
enables the program to “fix” these, and
many other situations, which would
otherwise be logically wrong in terms of
normal calculator syntax.

Choosing Strictly Check requires the
student to enter all answers in exactly
correct calculator syntax.

Depending on which skill is chosen, the
answers must be entered in either their
most simplified or most factorised form.
Partially simplified or factorised
answers are not accepted and
feedback messages are displayed in
response.

Practice questions generates a
sequence of 5 questions from the
chosen exercise or level. The user has
several attempts at each question. If
factorising questions are attempted,
they may obtain a Hint about the format
of the answer.

Test conditions generates a sequence
of 5 questions from the chosen difficulty
of test - either Novice, Intermediate,
Advanced or Expert. Each of these
four settings selects questions from a
range of exercises. See Appendix 3 for
more details.

The student has, in general, only one
attempt at each question.

The Hint facility for factorising is
disabled in Test mode - it is a test after
alll
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Challenge Start on new exercise
Try single level

or

Carry on past exercise

or

Novice (1-b)
Intermediate (b-c)
Advanced (c-d)
Expert (d-e)

Question Order Progressive order
Random order

Question Format  Always given as ax®+bx+c
NOT always given as ax®>+bx+c
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If Practice questions is chosen, the
student selects from Start on exercise
or Try single level. They must then
type in the number of the exercise or
the level that they are starting at. The
dialogue box at the foot of the screen
informs what exercise or level numbers
are valid. See Appendix 3 for more
details.

If Practice questions is chosen, this
option looks at the Performance Data
stored on page 2.3, identifies the
highest level that’s recorded as
answered correctly, and starts the
student off on the exercise containing
that highest level. In effect, it allows
students to carry on from their previous
best attained position.

If Test Conditions is chosen, the
student selects the difficulty of the test.
The Novice, Intermediate, Advanced
and Expert test levels all overlap by
one exercise (eg. the hardest level on
Novice is the easiest level on
Intermediate, etc). See Appendix 3 for
more details.

The student can choose either to have
their 5 questions presented to them in
increasing order of difficulty
(Progressive order) or in a mixed up
order (Random order).

If the student selects Factorising then
they must choose either to have every
question presented to them with the
terms strictly in the order ax®+bx+c, or
in different orders.

(eg. instead of x*>-5x+6, it could be
presented as 6+x>-5x, or as 6-5x+x,
but not -5x+x°+6)

Selecting ‘NOT always...’ gives, where
possible, expressions whose first term
is not negative.
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The Activity in Action

Ultimate Brackets

When constructing each question, the program accesses its database of over 400 types of

expressions that are then populated with psuedo-randomly generated coefficients and constants.

Thus, students have a nearly unlimited number of different questions to tackle, which each take

on a predefined form and algebraic complexity.

Along the very top line of the display, from left to right is the
following information:

¢ Expanding or Factorising

* the Exercise number, or Test Difficulty (when selected)
* the Question number

To answer each question, the student must type in the correct
expression next to the = sign, and then press [enter].

Note that [(]Jand (D] are disabled when Expanding.

Lofl] <

ERREF] > Utimate Bra6NH

Expanding Exercise 1 Question 1 of 5

A variable may be typed by either pressing the allocated letter, or [X].

Squared terms may be obtained by pressing either [x2] or [~].

All answers are checked in a variety of ways and appropriate
messages are displayed - see Appendix 2 for the full list of
messages which can be displayed, and their causes.

Where issues are identified within an answer, feedback
messages are shown and the problematic part of the
expression is underlined. Where more than one issue has
been detected, pressing cycles through the issues in
turn.

Pressing returns to the question, for a re-attempt.

‘EEREEREE]’> ‘vtimateBr8NH < Lol <

Question 1 of 5

When tackling Practice
Questions on Factorising,
pressing displays a Hint
for the format of the answer
(see left).

However, this counts as an
attempt at the question,
thereby reducing the number
of attempts at the question
that they have left.

Factorising Exercise 5§

36+p*-12p

Pressing also allows the student to access a summary
screen of their Recent Questions and the number of Attempts
for each one (see right).

For each question, students can have up to 5 attempts to
enter in the correct answer. However, depending upon the
severity of any errors they make, they may only be allowed 2
attempts before the correct answer is revealed.

‘EEREEREE]’ ‘vtimate Br6NH < Lol <

Expanding Exercise 4 Question 1 of 5

fied ]

Puss to view each message
Pnu@ to return to question

Lofl] <

) - *Ultimate Br_6NH <

Expanding Exercise 4 Question 1 of 5

Compare the answer with the question
Ask for help if you need it

Puu to continue

ERREF] > Utimate Bra6NH

Recent Questions

Puu to continue

For example, if a student has two attempts, both of which are algebraically different to the

question, then they are deemed to need the answer to help them progress their understanding.
By contrast, if they submitted algebraically correct answers that have just not been fully simplified
or fully factorised, then they are allowed more attempts as they are on the right tracks.

Ultimate Brackets v2NH.tns
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After the 5™ question, students are presented with a Final Scoresheet of their progress that
includes the number of questions answered correctly on the 1st and 2nd attempts,
their overall percentage score and the mean time taken per question (see below).

Pressing allows the ' BBl Utmate B 6NH &
student to Continue to the - PR N
next appropriate task, Review i reoiasia 9N P SN
the 5 queStlonS jUSt gn Chec 'H": Auto correct () & - n Chec .,,'w; Auto correct (<) & -
attempted, or to Restart the orrect on 1t attempt: 2 orrect on 1t attempt 2

aCtIVIty Comect v ’;‘v;l ‘m.-,-:n; t 2 0.0 Comect v ’;";l aft.-,-:n; t 2 0.0

Pnss"for your options 1 Pnss"for your options

The criteria that are used when selecting the next appropriate task are given below:

all 5 questions correct and no more  © progress up to the next level/exercise/test
than one 2™ attempt required

all 5 questions correct and either © either retry the same level/exercise/test, or progress up
two or three 2" attempts required to the next

3 or 4 questions correct © retry the same level/exercise/test

1 or 2 questions correct ® ask for help from their teacher, retry or move down a

level/exercise/test

Under Test Conditions students will either start the next hardest level of test or start on the
exercise number that corresponded to the easiest question that they answered incorrectly.
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Performance Graphs & Data

As students use the document, it will record every level of g -2 (233 B R il <

Level

question that has been answered correctly. If a question is At
not answered correctly, it is not recorded. A G.J"”f Expicise */
]
]
]
I
1
]
1
1

Page 2.2 allows students to view the levels of challenge that :
they have successfully completed. /

i Lim

| A

The axes on this graph automatically rescale as they attempt
more questions and correctly answer higher levels of
challenge.

T Click the slider.

The horizontal lines that appear indicate the Exercise start levels.

Moving the cursor over any of these lines reveals the Exercise number that corresponds with
that level.

For the screen shot shown above, the student is currently working on questions in Exercise 3
of Expanding, but not yet info Exercise 4 territory.

To alternate the view between the Performance Graph for Expanding and that for Factorising,
click on the slider in the top left corner of the screen.

When no questions have yet been answered correctly, the graph will only show a single dot.

The data that has been captured, and upon which the
Performance Graphs are based, is available to view on page To delete data, select box to the left and i
o

expanding.level BIaUnn:‘.mg level

c

The numbers in each column correspond to the 330 levels of
Expanding, and the 78 levels of Factorising. They are not the
numbers of the exercises.

1 1

W N = e

4
art D]

After using the document, the student should save it (by

pressing then [S]) to keep their record of Performance 1: Delete past data| 1: Abort
. s 2: Delete (panding Data
Levels safe, ahead of when they return to using the ‘  delete data, 150 et Factorising et
document ress m CARTITTOTDT :
expanding.level BIaUnn:‘.mg level 8 i

If all performance data needs to be deleted, then use the
trackpad to first select the box in the top left corner of the
screen, then press and then follow the options. The
process of deleting data cannot be undone.

1 1

W N = oe

4 v

Al1 [«]*]
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Appendix 1 - Recommended First Lessons (1 of 4)

See the next few pages for recommended First Lessons covering the following four scenarios:
Expanding (with a class who are meeting expanding for the first time)

Expanding (with a class who know how to expand already)

Factorising (with a class who are meeting factorising for the first time)

Factorising (with a class who know how to expand already)

POON =

1. Expanding (with a class who are meeting expanding for the first time)

Select the options as shown on the right. I 11121122
Press to change settings
Variables arious letters used
Sign Checking Auto correct (-) & -
Algebraic Skill Expanding & Simplifying
Experience Fractice questions

Challenge Start on exercise: 1
Question Order Frogressive order

Press enter] to begin

At each menu choice, you might wish to describe to the class the difference between the various
options, before the one that they want is selected.

At the screen with the first question, direct their attention to the information displayed along the
very top of the screen.
Instruct the class how to type in their answer.

As students progress through their 5 questions, they may get error messages that require
teacher support.

At the end of the 5 questions, their final score and performance will be displayed, and they can
review all the questions that they tackled.

The class will then start to diverge in the tasks being tackled. Students will either move up to the
next level/exercise, or retry the same level/exercise again.
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Appendix 1 - Recommended First Lessons (2 of 4)
2. Expanding (with a class who know how to expand already)

Consider running students through Lesson I 11121122
Plan 1 (previous page), just for Exercise 1, so
that the(f/)are famiFI)iagr] vaith the operation of the Press(menu] to change settings
document. Variables arious letters used

Sign Checking Auto correct (-) & -
Then, start them off under Test Conditions by Algebraic Skill Expanding & Simplifying
selecting the options as shown on the right. Experience Test conditions

Challenge Novice (Exercises 1to5)
Question Order Frogressive order

Press enter] to begin

At each menu choice, you might wish to describe to the class the difference between the various
options, before the one that they want is selected.

At the screen with the first question, direct their attention to the information displayed along the
very top of the screen.
Instruct the class how to type in their answer.

As students progress through their 5 questions, they may get error messages that require
teacher support.

At the end of the 5 questions, their final score and performance will be displayed, and they can
review all the questions that they tackled.

The class will then start to diverge in the tasks being tackled. Students will either start the next
level of test (Intermediate level) or start on the exercise number that corresponded to the easiest
question that they answered incorrectly.

At any point in time, the students can restart the program and run another test, or start at a
higher difficulty exercise.
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Appendix 1 - Recommended First Lessons (3 of 4)
3. Factorising (with a class who are meeting factorising for the first time)

Select the options as shown on the right. I 11121122
Press to change settings
Variables arious letters used
Sign Checking Auto correct (-) & -
Algebraic Skill Factorising
Experience Fractice questions

Challenge Start on exercise: 1
Question Order Frogressive order
Question Format NOT always given as ax*+bx+c

Press enter] to begin

The last option choice may seem strange for a first lesson, but it means that students will be
presented with expressions in the simpler form of 8-12x,rather than -12x+8.

At each menu choice, you might wish to describe to the class the difference between the various
options, before the one that they want is selected.

At the screen with the first question, direct their attention to the information displayed along the
very top of the screen.
Instruct the class how to type in their answer.

As students progress through their 5 questions, they may get error messages that require
teacher support.

At the end of the 5 questions, their final score and performance will be displayed, and they can
review all the questions that they tackled.

The class will then start to diverge in the tasks being tackled. Students will either start the next
level of test (Intermediate level) or start on the exercise number that corresponded to the easiest
question that they answered incorrectly.

At any point in time, the students can restart the program and run another test, or start at a
higher difficulty exercise.
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Appendix 1 - Recommended First Lessons (4 of 4)
4. Factorising (with a class who know how to expand already)

Consider running students through Lesson I 11121122
Plan 3 (previous page), just for Exercise 1, so
that the(f/)are famiFI)iagr] vaitlh the operation of the Press(menu] to change settings
document. Variables arious letters used

Sign Checking Auto correct (-) & -
Then, start them off under Test Conditions by Algebraic Skill Factorising
selecting the options as shown on the right. Experience Test conditions

Challenge Novice (Exercises 1to 4)
Question Order Frogressive order
Question Format NOT always given as ax*+bx+c
Press enter] to begin

At each menu choice, you might wish to describe to the class the difference between the various
options, before the one that they want is selected.

At the screen with the first question, direct their attention to the information displayed along the
very top of the screen.
Instruct the class how to type in their answer.

As students progress through their 5 questions, they may get error messages that require
teacher support.

At the end of the 5 questions, their final score and performance will be displayed, and they can
review all the questions that they tackled.

The class will then start to diverge in the tasks being tackled. Students will either start the next
level of test (Intermediate level) or start on the exercise number that corresponded to the easiest
question that they answered incorrectly.

At any point in time, the students can restart the program and run another test, or start at a
higher difficulty exercise.
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Appendix 2 - Feedback Messages

This term doesn't make sense
Unexpected symbol following ...
Answer doesn't make sense

Any expression that the program cannot
decipher logically. Most likely arising from a
typo by the student.

eg. (—4+x) ought to use a negative sign,
rather than a subtraction operator.

+-is the same as — -— is the same as + All of these issues will be reported if
+- is the same as - —— is the same as +
—+ is the same as — -- is the same as +
-+ is the same as - ++ is the same as +
—- is the same as +

Strictly check (-) & — is chosen from the
start menu.

Where Auto correct (-) & — is chosen,
these will all be fixed, and not reported,
unless they give rise to further issues.

Constant terms can be simplified If any of the respective terms can be
x? terms can be simplified collected, it will be reported.
x terms can be simplified

This is only reported when factorising, and
no brackets are detected in the input.

Non-matching pairs of brackets
Open bracket was expected
Closed bracket was expected
Too many sets of brackets

A factorised expression ought to have the
correct number of alternating open and
closing brackets. If not, one of these
messages will be triggered.

In general, a set of brackets ought to
contain two terms.

If a common factor of either a constant or a
variable is detected, it will be reported.

If completed square form is entered, it will
trigger this response.

If the answer is detected as being of the
form a®x®-b?, this will be reported.

...which suggests that no factorisation has
even taken place!
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Appendix 3 - Expanding Brackets & Factorising Exercises and Levels

(Ex=Exercise, Nov=Novice, Int=Intermediate, Adv=Advanced, Exp=Expert)

Factorising Levels Expanding Levels
(format of answer listed) (format of question listed)
Ex1 1 . (x+.) 48  (..-.x)(..*+..x) Ex1 1 (x+.)
Nov 2  ..(.-x) 49  (.A4.X)(x-..) Nov 2 (. +X)

3 .(x-) 50 (.- X)(x-) 3 (k)

4  (.x+.) 51 (- X)(..X-..) 4 (LX)

5  .(-X) Ex9 52 .(x+.)(x+.) 5 -(=X)

6 .(x-.) Exp 53 .(x-.)(x-) 6 ()
Ex2 7 x(x+..) 54 ..(x+a)(x+a) 7 w(mX)
Nov 8  x(..-x) 55 ..(x-a)(x-a) 8 w(X-10)

9  x(x-..) 56 ..(x+a)(x-a) Ex 9 (LX)

10 x(..x+..) 57 ..(.AX)(x-..) 2 10 (LX)

11 x(..-..x) 58 ..(.-X)(..+X) Nov 11 te(x-1)

12 x(..x-..) 59 ..(.-X)(X-..) 12 St (emeX)
Ex3 13 ..x(x+..) 60 ..(.X-..)(x-..) 13 XL (LX)
Nov 14  .x(.x+..) 61 ..(.x+.)(x+..) 14 JXHL(LFX)

15 ..X(..-x) Ex 10 62 .(.+.X)(x-..) 15 XL (XA

16 .x(x-..) Exp 63 (.x*+.)(.x+.) 16 xt(mX)

17 . x(..-.X) 64 ..(.x-..)(.x-..) Ex 17 x(.*x)

18 .x(.x-..) 65 ..(.x-..)(.x+..) 3 18 x(x+..)
Ex4 19 -.(x+.) 66 ..(..-.x)(X-..) Nov 19 X(..x+..)
Nov 20 -.(.x+..) 67 ..(.+.X)(..-X) 20 X(..+..X)
Int 21 -(x+..) 68 ..(..-.X)(..+X) 21 X(x-..)

22 -(.*.x) 69 ..(.x+.)(x-..) 22 x(.-x)

23 -x(.x+.) 70 (x=0)(X+.) 23 X(..X-..)
Ex5 24 (x+..)(x+.) 71 ..(ax+b)(ax+b) 24 X(..-..X)
Int 25 (x-a)(x-a) 72 ..(ax-b)(ax-b) 25 X(..+X)

26 (x+a)(x+a) 73 ..(ax+b)(ax-b) 26 ..Xx(x+..)

27 (x-.)(x+.) 74 (mX)x-) 27 x(*x)

28 (x+a)(x-a) 75 (- X)(x+.) 28 .Xx(.x+..)

29  (..-x)(..-x) 76 -(.x+..)? 29 X(X-..)

30 (..-X)(..+x) 77 (x+.) 30 X(..-X)

31 (.-X)(x-..) 78 (x-) 31 X(.X-10)

32 (.. +X)(..-x) 32 o X(eemeX)
Ex6 33 (.x+..)(x+.) Ex 33 St X(FX)
Int 34 (.x-..)(x-..) 4 34 Sl X(XF)
Adv 35 (.x-..)(x+..) Nov 35 wtX(meX)

36 (.x+.)(x-..) 36 e X(X10)
Ex7 37 (.x+.)(.x+.) 37 JXEX(LL LX)
Adv 38 (.x-..)(..x-..) 38 XXX

39 (.x+.)(..x-..) 39 XHX(mX)

40 (ax+b)(ax+b) 40 XX X=)

41 (ax-b)(ax-b) Ex 41 -(x+.)

42 (ax+b)(ax-b) 5 42 (. +X)

43 (.x+.) Nov 43 - (.x+.)

44  (.x-..) Int 44 - (.+.X)
Ex8 45 (..+..x)(..-x) 45 -.(x)
Adv 46 (.+.X)(x+..) 46 -(%-)
Exp 47 (..-.x)(..*X) 47 - (.-X)
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