3.  THE SPECIAL TECHNIQUES


 A summary of all 23 techniques is given first, followed by four sub-sections.  Each sub-section describes those techniques designed to accomplish the objective specified in the sub-section heading. The numbers at the end of each technique indicates the rank of the technique.  These numbers were obtained from my evaluation form completed by all students at the end of a course.

	SUMMARY   OF   THE   SPECIAL   TECHNIQUES

	3.1
TECHNIQUES TO REDUCE MATHS ANXIETY


1)
Provide Complete Solutions to Some Typical Problems Written Using the Language of Mathematics Correctly  -  15th

2)
Provide an Example Test Before Each Real Test (Including the Final)  -  1st

3)
No Time Limit on Tests, Including the Final (as far as possible)  -  3rd

4)
Take One Sheet of Paper into a Test Including the Final  -  2nd

5)
All Questions on the Tests Straight from or Similar to Questions in the Textbook on or the Example Tests  -  Joint 4th

6)
Never  Require  Students to Remember Formulae  BUT  Must Know  When  to Use a Formula and, If the Formula has been Forgotten, Must Know Where to Find It  -  7th

7)
Graded Bonuses on all Tests (to encourage them to think during the Test)  -  Joint 4th

8)
Providing Information in Exchange for Marks During a Test (to be tested).
Peer Responsibility has also had a substantial positive impact on the attitude of my students in all of my courses.  It is discussed in Chapter 5 of this proposal.

3.2
TECHNIQUES TO GIVE STUDENTS HOPE THROUGHOUT THE COURSE


9)
Unlimited Bonuses Available for the Solutions in the Workbook  - 6th

10)
90% or More in Final Rule for Eligible Students (Provided ALL Assignments/Projects and Workbook Complete) -  8th

11)
Top  25%  in Final Rule for Eligible Students (Provided ALL Assignments/Projects and Workbook Complete) -  9th
3.3
TECHNIQUES TO IMPROVE STANDARDS


12)
Peer Responsibility  -  Completing Sets of Questions from the textbook (10th) and Marking The Questions of ONE Partner in the Workbook (20th). This is discussed in Chapter 5 of this proposal.


13)
Any Numerical Answer Requires a Sentence Containing the Number in the Context of the  Question  -  Absolutely Last As Always!

14)
Showing Students Errors Made by Students in Previous Courses  -  14th

15)
Bonus Marks for Attendance During the Last Four Weeks of the Course (to be tested).

3.4
TECHNIQUES THAT HAVE CHANGED MY STYLE OF TEACHING


16)
Use  Textbook  as  a  Set  of  Notes  to  Minimize  the  Amount  of  Writing  Students  Do  In  Class  -  Joint 11th

17)
Make and Use Transparencies of Graphs, Tables, Rules, etc. So Time is Not Wasted Drawing or Writing Them on the Blackboard  -  12th

18)
Use Colored Chalk or Colored Markers on the Board  -  16th

19)
Create  Alternative  Methods  For Those Topics that Cause Difficulty  -  13th

20)
Additional Voluntary Tutorials  –  17th

21)
Marking Scheme for All Tests (Available to Students) with  Partial Credit  throughout All  Questions  -  Joint 11th

22)
Constantly Asking Questions During Class  -  18th

23)
Using a Metalanguage with the TI-83 Calculator  -  5th


3.1   TECHNIQUES TO REDUCE MATHS ANXIETY

1)
PROVIDE COMPLETE SOLUTIONS TO SOME TYPICAL PROBLEMS USING THE LANGUAGE OF MATHEMATICS CORRECTLY


Mathematics is a language.  However, it is certainly not intuitive!  I want my students to write their solutions using the language of mathematics correctly, but when I write a solution on the blackboard, I partly say and partly write it.  Clearly, I cannot expect my students to write solutions correctly, if they do not see solutions written correctly.  So during the first few weeks of the semester, I write solutions to some of the questions from the textbook so that my students know how to complete solutions in their workbooks.  I do this for all of the courses I teach.  An example solution for College Algebra is shown below.  An example solution for Statistics, including the TI-83 key sequences, starts on the next page.  Over the last few years, I have developed a collection of solutions for each course I teach which I put into my computer area so my students can print them whenever they are needed.  This means I do not have to write more solutions each term.


In all courses except my Statistics courses, I assign six questions during the semester from the Example Tests, two from Example Test 1, two from the Example Test 2, and two from the Example Final (students in my Statistics courses complete Joint Projects instead of assignments – see Chapter 5).  On the day I collect the assignments for marking, I either distribute detailed solutions to the assignments or put them into my computer area.  For speed, I usually hand write the solutions on blank copier paper that I have printed lines onto using a laser printer (Filename : LinedBlankPaper.doc on Disk 2).  I do this because our copier can copy and staple sets of solutions from this original.  However, it frequently miss-feeds the college-lined paper from our bookstore.


In general, I select the more demanding questions from the Example Tests as assignments, usually those that cover the more difficult concepts in the course.  I refer to these problems as Directed Questions.  This means that there will be questions on the real Test 1, Test 2, and the Final that cover similar concepts.  Therefore, assuming the concepts involved have been fully understood, there will be two questions on each test that each student should be able to complete, even though they cover the more difficult concepts in the course.  This also helps reduce the worries my students have before a test.

COLLEGE ALGEBRA EXAMPLE FOR SPECIAL TECHNIQUE 1


In the following problem, perform the indicated operations and simplify.


8x ( 4 { ( [ 8x ( 4 ( 3 + 2x ) ] ( 6 ( 3x ( 2 ) ( 4 }

Solution


8x ( 4 { ( [ 8x ( 4 ( 3 + 2x ) ] ( 6 ( 3x ( 2 ) ( 4 }
=
8x ( 4 { ([ 8x ( 12 ( 8x ] ( 6 ( 3x ( 2 ) ( 4}


=
8x ( 4 { ([ (12] ( 6 ( 3x ( 2 ) ( 4 }


=
8x ( 4 { 12 ( 18x + 12 ( 4 }


=
8x ( 4 { 20 ( 18x }


=
8x ( 80 + 72x



=
80x ( 80

Note
:
I use the colors shown above on a whiteboard so that students can easily see the different levels of brackets.  I remove the brackets in alphabetical color order  i.e. black, blue, green, red  (so I remember which colors to use for which brackets!!!).

STATISTICS EXAMPLE FOR SPECIAL TECHNIQUE 1


The Chapin Social Insight Test evaluates how accurately the subject appraises other people.  In the reference population used to develop the test, scores are approximately normal with mean 25 and standard deviation 5.  The range of possible scores is 0 to 41.


a)
What proportion of the population has scores above  20  on the  Chapin Test (Sentence)?  Why would you expect this proportion to be almost the same if you used  41  as the upper limit instead of  + (?


b)
How high a score must you have in order to be in the top  25%  of the population in social insight (Sentence)?  What are  Q2  and  Q3  for this distribution?

Solution

a)
The objective is to find the area to the right of  X = 20. This area can be obtained using the normalcdf(  function on the TI-83.

normalcdf(20, 1E99, 25, 5)  =  0.8413447404


This is   0.8413  to  4D.  So the area, and hence the proportion, to the right of  X  =  20  is   0.8413.


The final sentence is  :

The proportion of the population who obtain a score greater than   20  on the Chapin Social Insight Test is   0.8413.

The proportion would be almost the same, because  41  is  3.2  standard deviations from the mean of this distribution and the  68 – 95 – 99.7  rule states that  99.7%  of the observations will be within  3  standard deviations  of the mean.  Thus there is very little area to the right of  41.

Note

 normalcdf(20, 1E99, 25, 5)  =  0.8413 to 4D         normalcdf(20, 41, 25, 5)  =  0.8407 to 4D 

The key sequence for the function normalcdf(20, 1E99, 25, 5)  on the  TI-83  is  :
	KEY  SEQUENCE
	DISPLAY

	< 2nd >  < VARS >  2
	normalcdf(

	< 2 >  < 0 >  < , >
	normalcdf(20,

	1  < 2nd >  < , >  9  9  < , >
	normalcdf(20,1E99,

Note  :  ( 1E99  =  + ( )

	2  5  < , >
	normalcdf(20,1E99,25,

	5  < ) >
	normalcdf(20,1E99,25,5)

	< ENTER >    (  or    [image: image1.png]


  )
	0.8413447404


b)
The objective is to find a value of  x  such that the area to the right of   X  =  x  is   0.25.   This value can be obtained using the invNorm(  function on the  TI-83,  noting that the area to left of the required  x  is  0.75.

invNorm(0.75, 25, 5)  =  28.37244875


This is   28.37  to  2D.  The area to the left of  x  =  28.37  is   0.75,  so the area to its right is  0.25.  Thus if your score is approximately  28.37  or more you will be in the top  25%.



The final sentence is  :

A  person  must  have  a  score  of   28.37  or higher on the Chapin Social Insight Test  in order to be in the top  25%  of the population in social insight.


Finally,  Q2  =  25  and  Q3  =  28.37

The key sequence for the function  invNorm(0.75, 25, 5)  on the  TI-83  is  :
	KEY  SEQUENCE
	DISPLAY

	< 2nd >  < VARS >  3
	invNorm(

	0  < . >  7  5  < , >
	invNorm(0.75,

	2  5  < , >
	invNorm(0.75, 25,

	5  < ) >
	invNorm(0.75, 25, 5)

	< ENTER >    (  or    [image: image2.png]


  )
	28.37244875


NOTE  :  You do not need to include the key sequence in your solution.

REMINDER


The symbols  <   >  are called  angle brackets.  In the tables above, they are used on either side of the name of a key on the calculator keyboard.  When you see these symbols, find the key with the name on it, and press it.  For example, when you see the symbols  < 2nd >,  find  and press the yellow key marked  2nd  on the calculator (it is the only yellow key on the calculator).  The symbol  <  (  >  is used to represent the  right  arrow  key.  The integers   0,  1,  2,     , 9   are  NOT  enclosed in angle brackets  in the above tables.  Characters that are output to the screen by the calculator, are shown as underlined characters in the DISPLAY column of the tables.

2)
PROVIDE AN EXAMPLE TEST BEFORE EACH TEST (INCLUDING THE FINAL)


The objective of providing Example Tests is to reduce the anxiety associated with taking a Maths test and also to show my students the format of the tests.  Practice is essential in any Mathematics course.  The questions on the tests give my students questions, at the correct standard, to practice on.  The solutions I provide to some of the questions show my students how to present their own solutions, how to obtain credit throughout a solution, and what to write to ensure full credit for a solution when the TI-83 calculator is used.


Between two and three weeks before each test, I put an Example Test into my computer area and instruct my students to obtain a copy of it.  None of the questions on any Example Test appear on any real test.  When I first started to use this technique, I just put a copy of a test I had used the previous term into my computer area.  Now with many years of experience, each Example Test consists of two parts.  Part A is a complete test taken by my students on the course in a previous term.  Part B consists of additional questions so that all the concepts that could be on the real test are covered.  Usually, if the textbook does not change, I use the same Example Tests for 3 or 4 terms before I change them.  A copy of a College Algebra Example Test 1 that I have used for the last two years starts on the next page.  A copy of a Statistics Example Final is included on Disk 2 in the envelope inside the back cover of this proposal.


I write Example Test 1, Example Test 2, and the Example Final so that the entire syllabus is covered.  This is to ensure that my students become familiar with the entire course before the real comprehensive Final.  During the weeks before each real test, I work through some of the Example Tests and then suggest that my students complete the rest of the questions in their own time.


If Peer Responsibility is used in a course, then the Example Tests have an additional role.  If the instructor does not have a Teaching Assistant then the instructor must check all the solutions and marking in the workbook.  The questions for the workbook must be selected with care so that checking the workbook does not become an impossible task that dominates the semester.  In short, there cannot be too many questions per student per session!  So I use the questions on the Example Tests as a source of further practice that does not have to be marked by the instructor.


I include many different types of questions on each Example Test so that all topics and concepts are covered.  Then I tell my students to divide the remaining questions between the partners, complete them in their own time, and discuss their solutions with their partners.  If there are difficulties, I sort them out either in Additional Voluntary Tutorials or in my office hours.  Most students see the advantage of completing all the questions on these tests before the real tests.  I make sure they know that if they need help, I am just a phone call away.  I do not have to mark these questions but the students solve questions and discuss their solutions within their partnerships, and frequently with other partnerships as well.  Completing the workbook brings students together.  It effectively acts like a catalyst.  The students use Peer Responsibility without using more of the instructor’s time (except to answer questions when the partnership gets stuck).

M105                            COLLEGE  ALGEBRA                  FALL  2001

EXAMPLE  TEST  1

from

Mike  Bankhead

This Example Test 1 consists of TWO parts.  Part A is a complete  Test 1,  taken by a class of students in the past.  Students who took this test had  50 minutes  to complete  ALL  questions.  Part B  consists of some additional questions that could be similar to questions on the test you will take.  

NONE OF THE QUESTIONS ON THIS EXAMPLE TEST WILL APPEAR  ON  THE  TEST  YOU  WILL  ACTUALLY  TAKE.

PART  A

TEST  1                  M105O - COLLEGE  ALGEBRA                 FALL  2001

SHOW  YOUR  WORKING

EXPLAIN  WHAT  YOU  ARE  DOING

1)
In the following problem, perform the indicated operations and simplify   


8x ( 4 { ( [ 8x ( 4 ( 3 + 2x ) ] ( 6 ( 3x ( 2 ) ( 4 }


( Similar to Section 1.2  Qu. 32  P22 )

2)
A shopping bag contains apples, oranges, lemons, and pears.  If  x  is the number of lemons and there are  5  more oranges than lemons,  2  less pears than oranges, and three times as many apples as oranges, write an algebraic expression, in its simplest form, in terms of  x  that represents the number of fruit in the shopping bag.  If there are 11 oranges, how much fruit is there in the shopping bag?

( Similar to Section 1.2  Qu. 65  P22 )

3)
Factor completely the following expression relative to the integers  :


4(x ( 3)3 (x2 + 2)3 + 6x (x ( 3)4 (x2 + 2)2

( Section 1.3  Qu. 50  P32 )

4)
Perform the indicated operations and reduce the answer to the lowest terms.
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(Section 1.4  Qu. 37  P41 )

PART  B

  5)
Given the sets of numbers  N,  Z,  Q,  R,  and  C,  indicate to which set(s) each of the following numbers belong  :

a)    (11        b)    

     c)    (2 +5 i      d)    



( Similar to Section 1.1  Qu. 49  P11 )

  6)
If    A = {1, 2, 3, 4}    and    B = {2, 4, 6},    find    {x | x ( A  or  x ( B}.    ( Section 1.1  Qu. 55a  P11 )
  7)
Perform the indicated operations and simplify

5b ( 3{ ( [2 ( 4(2b ( 1)] + 2(2 ( 3b)}


( Section 1.2  Qu. 32  P22 )    
  8)
Perform the indicated operations and simplify

(y ( 1)(y + 1) + (y ( 3)(y + 4)


( Section 1.2  Qu. 42  P23 )

  9)
A parking meter contains nickels, dimes, and half-dollars.  There are  6  more dimes than nickels, and 3 less half-dollars than dimes.  Write an algebraic expression that represents the value of all the coins in the meter in cents.  Simplify the expression.  If there were 8 dimes, what is the total value of the coins?  (Similar to Section 1.2  Qu. 65  P23 )

10)
Perform the indicated operations and simplify

-3x{x[x ( x(2 ( x)] ( (x + 2)(x2 - 3)}


( Section 1.2  Qu. 55  P23 )

11)
Factor the expression    3z2 ( 28z + 48    completely relative to the integers.     (Section 1.3  Qu. 30  P31 )
12)
Factor the expression    6m2 ( mn ( 12n2    completely relative to the integers. 


(Section 1.3  Qu. 36  P32 )    

13)
Factor the expression    y2 ( 2xy + x2 ( y + x    completely relative to the integers.    


(Section 1.3  Qu. 68  P32 )

14)
Perform the indicated operations and reduce the answer to the lowest terms.





(Section 1.4  Qu. 38  P41 )

15)
Perform the indicated operations and reduce the answer to the lowest terms.
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(Section 1.4  Qu. 17  P41 )    

16)
Reduce the following expression to its simplest form, writing your answer using positive exponents only.





(Section 1.5  Qu. 30  P50 )

3)
NO TIME LIMIT ON TESTS, INCLUDING THE FINAL (AS FAR AS POSSIBLE)


Another thing I have found reduces anxiety in the real test is to ensure that there is plenty of time for each student to complete and check their test.  On all past evaluation forms  1  represented  NO HELP AT ALL  and  5 represented  ESSENTIAL.  This Special Technique has always obtained  5  out of  5  from every student!  It is so simple to do and is so important to my students, that now I always write the in-term tests so that, as far as possible, my students are not competing against the clock.  There is never a problem having no time limit for the Final.

4)
TAKE ONE SHEET OF PAPER INTO A TEST (INCLUDING THE FINAL)


I permit each student to take One Letter Size Sheet of Paper into any test of mine including the Final.  They can write anything they like on both sides of the sheet.  This is to reduce the anxiety associated with taking a Maths test.  From an academic standpoint, in order to decide what to put on the piece of paper, they have to read the book - which is exactly what I want them to do.  From the student’s point of view, it would seem that it is comforting to have some information that they have put together with them.  They can write anything they like on both sides of the piece of paper so cheating is not possible.  However, if two or more students are caught cheating, they could claim that they worked together and brought similar or identical solutions in with them on their one sheet of paper.  In view of this possibility, I have each student put their names on this sheet and I collect them at the end of the exam with their scripts.  I always mark and return the scripts to my students

BUT  I NEVER RETURN THE ONE SHEET TO ANY STUDENTS – JUST IN CASE

You must state clearly that the piece of paper must be letter sized.  When I first started doing this, I omitted to tell my students the size permitted, and one student brought a huge piece of poster board into the test.  Yet another brought in a roll of white wallpaper!  It is quite common for students to use a copier to substantially reduce information before pasting it onto their one piece of paper.  I have even seen students having to use a magnifying glass to see the print on their one sheet!  I have no objection to them doing this.


Note that if you choose to use this technique the format of my questions on tests has had to change.  For example, you cannot ask for definitions or proofs in any test because some students may have brought it with them on their one sheet and some may not.  This would give those students, who were just lucky enough to put it on their one sheet, an advantage.  I write questions that require my students to demonstrate that they understand and know how to use the definitions and proofs and understand the concepts.  In consequence, my test questions overall are far more demanding than they were before I started using this technique.


I have had some adverse comments from other faculty about this technique.  They object to the fact that my students do not have to memorize formulae.  However, I never require my students to memorize formulae (see Special Technique 6).  Moreover, I actually tell students not to waste space on their one sheet with formulae, because any formula they need, will be written on the blackboard or at the end of a test.  I believe it is worrying for a student, who is already poor at, and perhaps even a little frightened of, Maths, to be forced to memorize formulae.  If they were working in industry and needed to use a particular formula, it is far more important that they know when they need to use it, and where to find it, than to commit a formula to memory and perhaps not know its purpose.

5)
ALL QUESTIONS ON THE TESTS STRAIGHT FROM OR SIMILAR TO QUESTIONS IN THE TEXTBOOK OR ON THE EXAMPLE TESTS


The objective of this technique is to encourage students to solve more questions from the textbook so they get additional practice.  If they solve more questions they might complete one or more of the questions, or questions similar to those, that are actually on the test.  Sometimes I make various changes to a question I intend to put on a test (I warn them about this possibility).  I do this because students sometimes bring in the solutions to some of the questions in the textbook on their one sheet of paper (Special Technique 4 above).  This is perfectly permissible, but obviously I do not want the solution to a test question copied from their one sheet of paper.

6)
NEVER  REQUIRE STUDENTS TO REMEMBER FORMULAE  BUT  MUST KNOW  WHEN  TO USE A FORMULA AND, IF THE FORMULA IS FORGOTTEN, MUST KNOW WHERE TO FIND IT.


If a question needs a formula then it will be at the end of the test.  If, during the test, a student requests a formula, I put it up on the blackboard and draw every student’s attention to it.  I never require my students to memorize a formula.  To some students forcing them to memorize a formula is frightening, and to my mind it is totally unnecessary.  It is far more important for a student to know which formula is needed to obtain the correct solution, and then know where to find it, if they cannot remember it.

7)
GRADED BONUSES ON ALL TESTS


The objective of this technique is to make my students think throughout a test.  This technique has always been high on my student evaluations.  The comments I have received and the overall response to this technique suggests that it does indeed cause students to think more deeply about the questions that they have to answer on a test.


What I give bonuses for depends on a variety of things.  I expect more from my students as the course progresses – hence graded bonuses.  On the first test, I may give one bonus point for putting a complete title on a graph or the equation of a line alongside the drawn line.  On future tests the title and the equation by the line are expected, so there would be no bonus available.  In Test 1, if they solve a problem, then carry out the relevant check, I may give a bonus, but checking an answer is expected on future tests.  I want them to be constantly thinking about ways to gain bonuses so they constantly think about, not just the questions on the test, but also the underlying concepts and related topics.


For each test, I create a complete marking scheme that includes marks for everything that must be included in a solution to obtain full marks for the question.  After marking every student’s script, I can then award bonuses based on anything extra that has been included in a solution.  To gain a bonus or bonuses, anything extra must be relevant to the question.  I have had students in the past who were unable to answer the question on the test invent a question of their own, then proceed to answer it, expecting to gain bonuses.  Obviously, they gained nothing.  I do not give bonuses for an answer that could have been brought in on their one sheet.  In fact, I rarely give any marks for the correct numerical answer, the marks are for how they got to it.  I am much more interested in an answer that shows they understand the underlying concepts.  Something that could have been memorized, perhaps without understanding, would not gain a bonus mark.  As the course progresses, I find that students improve their understanding of the underlying concepts, so they are better able to gain bonuses during tests.

8)
PROVIDE INFORMATION IN EXCHANGE FOR MARKS DURING TEST


Frequently, a question in a test will require a student to create an equation from a verbal description.  If a student cannot create the equation, then it is impossible to complete the rest of the question.  For example, if there are 6 marks for creating an equation from the verbal description, and 18 marks for completing the problem, these 18 marks are lost.  It could be that the student could obtain all 18 marks if he or she was given the required equation.  In short, the instructor is not getting a true picture of the student’s capabilities.  To avoid this situation, in any test of mine, if a student is stuck, they can ask for the equation or whatever they need to get unstuck.  I write the equation into their script in red pen with the appropriate lost marks alongside.  In the above example, I would insert the equation into the script with –6 alongside, all with a red pen.  This means they have lost 6 marks, but they have a chance of gaining the other 18 marks.  I also make a separate note of exactly what I did doing the test – as a precaution, in case my insertions disappear into a black hole!

3.2   TECHNIQUES TO PROMOTE HOPE THROUGHOUT THE COURSE

9)
UNLIMITED BONUSES AVAILABLE FOR THE SOLUTIONS IN THE WORKBOOK (IT IS POSSIBLE TO CANCEL OUT A POOR ASSIGNMENT OR TEST MARK WITH THESE BONUSES)


THESE BONUSES ARE RELATED TO A STRATEGY THAT I REFER TO AS PEER RESPONSIBILITY.  IT IS DISCUSSED IN CHAPTER 4

10)
90% OR MORE IN FINAL RULE FOR ELIGIBLE STUDENTS (PROVIDED ALL ASSIGNMENTS/PROJECTS AND THE WORKBOOK ARE COMPLETE)

The  90%  rule is very simple.  About four or five weeks from the end of the semester, I tell my students that if they obtain  90%  or more in the Final, I will give them an  A  for the course, whatever their current grade.  Providing they have completed all the assignments/projects and all the solutions and marking in the workbook.  The objective is to give hope to those who are in trouble, and to those who may be capable of doing the work but are not applying themselves.  Clearly a student having a  D  or  C  is most unlikely to obtain  90%  or more in the Final.  In fact only two students (out of approximately 300) who were holding a D or C prior to the Final have ever obtained 90% or more in the Final.  However, I believe that hope is one of our most powerful emotions, and this rule does have a positive effect on many students.

11)
TOP  25%  IN FINAL RULE FOR ELIGIBLE STUDENTS (PROVIDED ALL ASSIGNMENTS/PROJECTS AND THE WORKBOOK ARE COMPLETE)

The 90% rule has always been very popular among my more optimistic students.  So I created the Top 25% in Final Rule.  I use 25% because when I checked back over the years, I noticed that I usually gave more than 25% of a class  A’s.  So if any student ends up in the top 25% in the Final, I give them an  A  for the course.  Providing they have completed all the assignments/projects and all the solutions and marking in the workbook.  Note that when calculating the number of students who will get A’s, I take 25% of those students who are eligible in a class, NOT 25% of all those students taking the Final.  This means that any student who is not an  A  student prior to the Final has to do better than the top  25%  of the class, and, in my view, if they do, they deserve an  A!  The rationale is the same as for the 90% or More in Final Rule and this technique is just as popular.  A less able student is unlikely to beat the very able students in a class, nevertheless, this technique does have a very positive effect on some of my students.  Recently one of my students who had only turned up to only five classes during an entire term, thought that she would succeed because of this rule or the 90% Rule.  I was and still am amazed at her optimism!  Hope springs eternal, so it would seem!

3.3   TECHNIQUES TO IMPROVE STANDARDS

12)
PEER RESPONSIBILITY - COMPLETING SETS OF QUESTIONS FROM THE TEXTBOOK AND MARKING THE QUESTIONS OF ONE PARTNER IN  THE WORKBOOK.

PEER RESPONSIBILITY IS DISCUSSED IN CHAPTER 4

13)
ANY NUMERICAL ANSWER REQUIRES A SENTENCE CONTAINING IT IN THE CONTEXT OF THE QUESTION.


Some years ago, I became uncomfortable giving a student as many as 10 marks for obtaining the correct numerical answer to a question.  It occurred to me that I could probably train the average monkey to press the correct keys on a calculator and get the right number.  However, the monkey would not know the meaning of the number, and I felt that some of my students did not know either.  So I began to insist that students showed me that they knew the meaning of the number they had calculated by including it in a sentence in terms of the question.  I soon discovered that many students did not know the meaning of the number they had obtained on their calculator screens.  


Consider the following example from a past exam, the exam question was  :

Dan wants $2,000 now, from a bank, to be repaid 18 months from now.  How much will the repayment be if the discount rate is 15%?


The correct numerical answer is  $2,580.65.  Five years ago, this answer would have earned this student 10 marks.  However, the sentence from this student was  :

In 18 months time, with a discount rate of 15%, the bank will  pay  Dan  $2,580.65.

(I am still trying to locate this bank : and when I do I won’t tell anyone – it’s mine!!!).


Students’ who write a correct sentence with the correct numerical answer in it, but with no working to back it up, do not get the marks allocated to the correct answer in a sentence.  They must show all of the working to gain credit for their answer (I never forget that they bring one sheet of paper in with them!).  In addition, I frequently warn my students during the course, that if I cannot read it – it is wrong!


I have asked students for their opinion on writing a sentence for any numerical answer.  Last term one of my students said “Having to write a sentence helps me understand the ideas”.  I was very pleased with this response, although there are certainly students who do not share this view! 


I now feel that if a calculator is used in any course, checking that students do understand the meaning of the number that has appeared on the calculator screen is essential.

14)
SHOWING STUDENTS ERRORS MADE BY PAST STUDENTS


Throughout  every course I teach, I show my students errors made by students in past courses.  The obvious objective is to stop my current students making the same errors, but I also do it to broaden the knowledge and understanding of the topic under discussion.  I include the following two examples.


Example 1



I had no trouble selecting this error as an example for this proposal because it is so common.  The most powerful tool we use to test the normality of a distribution with mean  
[image: image5.wmf]x

 and  standard deviation  s, is the Normal Quantile Plot (NQP).  If the points on an  NQP  lie close to a straight line, the distribution can be modeled by the normal distribution, with  ( = 
[image: image6.wmf]x

 and  ( = s.  Outliers appear as systematic deviations away from the overall pattern of the plot.  The z-values used in an  NQP  depend only on the number of observations in the distribution.  So  if  every  member of the class has collected  50 observations,  the  z-values will be the same for every student in the class, no matter what the measurements represent.



I show my students how to use the function  invNorm,  on the TI-83 calculator, to find the z-values they need for the NQP.  However, since this process is very tedious, when I require my students to draw an NQP on paper, I tell them to obtain the  NQP  on the display screen and then use the TRACE key to find the required z values.  Since the  NQP  is one of the graphs available on the STAT PLOT key, this process is quite simple, although rather tedious.



Early on in most Statistics textbooks, students are introduced to the formula
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The value for  z  calculated by this formula is called the z-score of  x.  Unfortunately, students use this formula to find the z-score  for each of their observations,  and then plot a scatterplot of the z-scores against their observations, incorrectly believing that the resulting graph is the  NQP  for their distribution.  They always find that every one of their observations is precisely on a straight line.  Of course!!!  And they always will be, no matter how many outliers are actually present in the distribution!  To add to the confusion, the textbook we use has the z-value-axis labeled  z-score  on every NQP drawn in the textbook.



I demonstrate this error to my students using Babe Ruth’s home run data as the distribution.  It is shown in list  L1  in  Table 1,  except I have changed his greatest performance of 60 home runs to 120 home runs so that there is a clear outlier in the distribution.  List  L2  contains the z-values that produce the correct NQP on the TI-83 calculator.  These values were obtained using the TRACE key, on the TI-83 calculator, after displaying the NQP on the display screen.  List  L3  contains the z-scores of each observation using Equation 1 above.  The instruction  (L1(
[image: image8.wmf]x

)/s  < STO >  L3,  where  
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  and  s  are the mean and standard deviation of the observations in list  L1,  calculates the z-scores for each observation in list  L1  and stores them into list  L3.




 TABLE 1

	BABE RUTH’S

HOME RUNS

LIST  L1
	CORRECT Z-VALUES

FROM NQP ON TI-83

LIST  L2
	VALUES OF Z

USING Z-SCORE FORMULA

LIST  L3

	22
	(1.8339
	
	(1.1549
	

	25
	(1.2816
	
	(1.0213
	

	34
	(0.9674
	
	(0.6205
	

	35
	(0.7279
	
	(0.5760
	

	41
	(0.5244
	
	(0.3088
	

	41
	(0.3407
	
	(0.3088
	

	46
	(0.1679
	
	(0.0861
	

	46
	0
	
	(0.0861
	

	46
	0.1679
	
	(0.0861
	

	47
	0.3407
	
	(0.0416
	

	49
	0.5244
	
	0.0475
	

	54
	0.7279
	
	0.2702
	

	54
	0.9674
	
	0.2702
	

	59
	1.2816
	
	0.4929
	

	120
	1.8339
	
	3.2094
	



The graphs shown in Figures 1, 2, and 3 were obtained directly from the TI-83’s display screen by linking my TI-83 to my PC using a graphing link.  The window variables for each graph are identical.  The observations in each graph, list  L1  above, are plotted on the  x-axis.  In Figures 2 and 3, the values in lists  L2  and  L3  are plotted on the y-axis.



A TI-83 modified boxplot of Babe Ruth’s distribution, shown in Figure 1, makes it clear that  120,  the box on the extreme right of the graph,  is an outlier.







       FIGURE 1

[image: image10.png]





The correct  NQP  for this distribution is shown in Figure 2.  The observation  120  is clearly an outlier.  This graph can be displayed by either using the NQP option on the STAT PLOT key, or by using the scatterplot option, plotting L2 against L1.  Figure 3 is a scatterplot of the z-scores in  L3  against the observations in  L1.  All 15 observations are precisely on a straight line, even though  120  is an outlier.

                       FIGURE 2                                                     FIGURE 3
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The straight line in Figure 3 is the least squares line.  Every observation is precisely on this line because Equation 1 is the equation of a straight line with slope  
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  and y-intercept  
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  and the y-intercept is  
[image: image16.wmf]s

x

-

  ).  Clearly, when an  x  value is entered into Equation 1, the value calculated is precisely on the straight line

Z =  
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When I ask my students to show that all 15 points are on this straight line, they know what to do!  Figure 4 is the output from the function  LinReg(a+bx) L1, L3.

                                                      FIGURE 4


[image: image19.png]




For list  L1  :  
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 = 47.93333333  and  s = 22.45461030  and thus

a  =  
[image: image21.wmf]s

x

-

  =  -2.134676696  and  b  =  
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1

  =  0.44534284  also  r  =  1


My students know that the correlation coefficient, r, is only exactly  1  when all the observations are precisely on the least squares line!


Example 2



The  1.5 x IQR  Criterion for Outliers states that an observation is a suspected outlier, if it falls more than  1.5 x IQR  above the third quartile or below the first quartile (the acronym  IQR  stands for  Interquartile Range).  The formulae for these test values are :


Q1  (  1.5 x IQR          and          Q3  +  1.5 x IQR

A common error is to omit the  1.5  from these formulae, so when I write these formulae on the blackboard, I use red chalk for it (as shown above).

15)
BONUS MARKS FOR ATTENDANCE DURING THE LAST FOUR WEEKS OF THE COURSE


Quite often during the last few weeks of a course, I noticed that some of my students disappeared.  For example, during one semester, when the sun came out, the golfers were gone.  To encourage students to keep coming I award 2 marks for attendance.  I do not do it every time we meet, so my students never know when I will send the attendance register around.  If a lot of students are missing, 40% or more, I might give 5 marks for attendance.  While I tend to use this towards the end of a semester, I sometimes check the attendance at other times without warning.  The evidence shows that it does have a positive effect on some students.


I print a copy of the Attendance Register in the Marks Register workbook and pass it round.  Students put a  1  alongside their name.  At the end of the course, I put the values into the Attendance Register worksheet so that the totals are transferred to the Tot Bon (Total Bonuses column) of the Marks Register.

3.4   TECHNIQUES THAT HAVE CHANGED MY STYLE OF TEACHING

16)
USE THE TEXTBOOK AS A SET OF NOTES TO MINIMISE THE AMOUNT OF WRITING STUDENTS DO IN CLASS.


I use the textbook as if it was a set of notes.  I do not work through every example in the textbook.  I discuss the diagrams in the textbook after projecting them onto a screen via the instructor’s computer.  They are included on the CD that comes with the textbook.  I give my students the page number to any definition and then read it from the textbook.  My students can then hear and see it.  I also make transparencies of some parts of the textbook that require discussion, that are not on the CD, and put them on an OHP.  I can then discuss the topic while referencing the transparency using a laser pointer.  Example 1, below, is an example of a transparency that I use (I make it as big as possible on the transparency).  My students can listen and ask questions.  They do not have to take notes, because the content of the blue box is on Page 298 of the textbook we use.


The objective of all these strategies is to minimize the amount of time my students spend copying material off the board.  I know from my own experiences as a student, that I can copy from the board without thinking about what it means (I can also write on the board while thinking about something else!).  I do not want my students doing this.  This approach also gives me more time to ask questions and maximizes the amount of time I have to interact with my students.  This technique is closely related to Technique 17.

      Example  1  :  P298  -  Moore and McCabe

Probability Rules

Rule 1.
The probability  P(A)  of an event  A  satisfies  0  (  P(A)  (  1.

Rule 2.
If  S  is the sample space in a probability model, then  P(S)  =  1.

Rule 3.
The complement of any event  A  is the event that  A  does not occur  Ac.  The complement rule states that

P(Ac)  =  1  -  P(A)

Rule 4.
Two events  A  and  B  are disjoint if they have no outcomes in common and so never occur simultaneously.  If  A  and  B  are disjoint,

P(A or B)  =  P(A)  +  P(B)


This is the addition rule for disjoint events.

17)
MAKE AND USE TRANSPARENCIES OF GRAPHS, TABLES, RULES, ETC. SO TIME IS NOT WASTED DRAWING OR WRITING THEM ON THE BLACKBOARD.


I create transparencies of diagrams, tables, and solutions from the textbook we are using and menus from the TI-83, so that I have more time to discuss the topic and to ask questions directly to the class.  Also,  the students do not waste time copying off the blackboard.  This saves a lot of time during a lecture and  students can listen to me and ask questions because they are do not have to take notes from the blackboard.  The diagram, table etc. is in the textbook we use, while I put the TI-83 slide in my computer area.  Example 1 is an example of a table I copy from the Statistics book we use.

Example  1  :  Table 2.14  :  P194  -  Moore and McCabe

	YEARS OF SCHOOLING COMPLETED, BY AGE, 1995  (THOUSANDS OF PERSONS)

	
	AGE  GROUP
	

	EDUCATION
	25 to 34
	35 to 54
	55 and over
	TOTAL

	Did Not Complete High School
	5,325
	9,152
	16,035
	30,512

	Completed High School
	14,061
	24,070
	18,320
	56,451

	College 1 to 3 Years
	11,659
	19,926
	9,662
	41,247

	College, 4 or More Years
	10,342
	19,878
	8,005
	38,225

	TOTAL
	41,488
	73,028
	52,022
	166,438



Example 2, on the next page, is an example of a transparency that I use on the Over Head Projector in my College Algebra course.  I can write solve problems on the blackboard and refer to this slide using a laser pointer.  If I need to enhance a pre-prepared slide that is on the overhead projector, I lay a blank slide over it and write onto it with an erasable marker (I clean the blanks later).  This leaves the original undamaged.  I am still facing the class when I am doing this, which allows me to interact far more efficiently with my students.  Using a laser pointer also allows me to continue asking questions about the content of the slide while moving around the classroom.


I found that creating a slide for some of the TI-83 menus speeds up the learning process.  So I have created a number of slides for many of my courses.  I can reference the slide using my laser pointer while solving a problem on the blackboard.  Example 2, on Page 55, shows the transparency I use of one of the TI-83 menus.  It shows the  STAT TESTS MENU.  The yellow area is that part of this menu that is displayed after pressing the key sequence  <STAT>  (.  The green area shows the bottom half of this menu.  The  P13.9  in the title of this transparency refers to the page number in the TI-83 manual.


For many classes I use the TI-83 with an LCD projector that sits on top of the overhead projector.  I found that after placing a blank transparency over the projector I can emphasize a graph(s) or some of the data projected onto the screen using colored projector pens.  This makes the discussion that follows much easier for my students to follow.

Example  2  -  A College Algebra Slide

Strategy  for  Solving  Word  Problems

1.
Read the problem carefully-several times if necessary; that is, until you understand the problem, know what is to be found, and know what is given.

2.
Let one of the unknown quantities be represented by a variable, say x, and try to represent all other unknown quantities in terms of x.  This is an important step and must be done carefully.

3.
If appropriate, draw figures or diagrams and label known and unknown parts.

4.
Look for formulae connecting the known quantities with the unknown quantities.

5.
Form an equation relating the unknown quantities to the known quantities.

6.
Solve the equation and write answers to all questions asked in the problem.

7.
Check  and  interpret  ALL  of the solutions in  terms of the original problem - not just the equation found in step 5 - since a mistake may have been made in setting up the equation in step 5.

Example  3  -  The STATS TESTS Menu on the TI-83 Calculator

STAT  TESTS  MENU  (<STAT>  (  -  P13.9)
	  EDIT  CALC  .TESTS.  

	
	Pressing the STAT key allows you to select the EDIT menu (the default menu), the CALC menu, or the TESTS menu.

	 1 :. 
	Z - Test …
	
	Test for  1  ( ,  known  ( (Section 6.2)

	2 :
	T - Test …
	
	Test for  1  ( ,  unknown  ( (Section 7.1)

	3 :
	2 – SampZTest …
	
	Test comparing  2  (‘s ,  known  (‘s (Section 7.2)

	4 :
	2 – SampTTest …
	
	Test comparing  2  ( ‘s,  unknown  (‘s (Section 7.2)

	5 :
	1 – PropZTest …
	
	Test for  1  proportion (Section 8.1)

	6 :
	2 – PropZTest …
	
	Test comparing  2  proportions (Section 8.2)

	  7 (
	Zinterval …
	
	Confidence Interval for  1  ( ,  known  ( (Section 6.1)

	 8 :
	TInterval …
	
	Confidence Interval for  1  ( ,  unknown  ( (Section 7.1)

	 9 :
	2 – SampZInt …
	
	Confidence Interval for  2  (‘s ,  known  (‘s 

	 0 :
	2 – SampTInt …
	
	Confidence Interval for  2  (‘s ,  unknown  (‘s (Section 7.2)

	 A :
	1 – PropZInt …
	
	Confidence Interval for  1  proportion (Section 8.1)

	 B :
	2 – PropZInt …
	
	Confidence Interval for  Difference of  2  Proportions (Section 8.2)

	 C :
	(2- Test …
	
	Chi-Square Test for  2-way  Tables (Section 9.1)

	 D :
	2 – SampFTest …
	
	Test comparing  2  (‘s

	 E :
	LinRegTTest …
	
	t-Test for Regression Slope and  (

	 F :
	ANOVA( …
	
	One-Way Analysis of Variance (Chapter 12)


NOTE : This course does not cover items 9, D, and E  (the items with blue descriptions)

18)
USE COLORED CHALK OR COLORED MARKERS ON THE BOARD


I have used colored chalk on the blackboard for many years.  This technique never does well in the evaluations and yet the comments I get from students on the evaluation forms make it quite clear that it is helpful during a lecture.


I use different colors for different things depending on the course.  I make a list of the colors I use for different things in each course.  Then if I do not teach the course for a while I have a reference list.  For example, in a course involving differentiation, I use white chalk for the main working, red chalk for a derivative, yellow chalk for a second derivative, blue chalk for a rule i.e. the product rule etc.  In College Algebra, the minus sign before a bracket is in red (for danger!).  After I have done this a few times making sure my students are familiar with the danger, I stop doing it and ask my students what is missing.  They usually tell me to change the white minus sign to a red minus sign.  For a course involving computers, I use white chalk for the characters the computer puts on the screen, orange chalk for characters that must be typed in by the student etc.  Students get used to the meaning of a particular color.  It breaks up what is on the blackboard and makes it easier to pick off the derivative, a formula etc.


Another idea I found useful is to divide the blackboard into several vertical strips.  I might divide it into three parts.  For example, the left part for terms using red chalk, the middle portion for main work, the right portion for graphs drawn using different colors.  I am frequently teaching a topic that I have taught hundreds times before, having to think about which color to use helps me stay focused.

19)
CREATE ALTERNATIVE METHODS FOR THOSE TOPICS THAT CAUSE DIFFICULTY


I found that many students had considerable difficulty with certain topics which could easily be modified to either simplify the approach or make routine what students had to do to obtain the correct solution(s).  I simplified this type of topic by creating what I call an alternative method.  The objective of an alternative method is to reduce “Maths Anxiety” by making it possible for any student, whatever their mathematical ability, to obtain the solution(s) to a type of problem that causes difficulty using the approach described in most textbooks.  Of course, it is important that the alternative method does not obscure the underlying concept(s).  To illustrate what I mean by an alternative method, I include two in this proposal.  Alternative Method 1 provides an overview of Chapters 6, 7, 8, and 9 in Moore and McCabe’s Statistics textbook we use.  Alternative Method 2 involves a simple diagram that eliminates a common error.  I also include two Alternative Methods from College Algebra, Alternative Method 3, and Alternative Method 4.

ALTERNATIVE METHOD  1  -  ELEMENTARY STATISTICS

	COMPARING AND CONTRASTING CHAPTERS  6,  7,  8,  AND  9

	[image: image35.emf]CHAPTER 6

  Quantitative Variables

     ( - unknown

     ( - known (NOT realistic)

     Normal Distribution
6.1 Confidence Intervals  (CI)

  Confidence Interval Formula  :
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CI  -  Ex. 6.2, 6.3:  STM7
  Sample Size Formula  :
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Sample Size  -  Ex. 6.5

6.2 Tests of Significance (ToS)

  H0  -  Null Hypothesis  P455

  Ha  -  Alternative Hypothesis P455

  One-Sided and Two-Sided Tests

  P-Value

  Ex.  6.10,  6.11,  6.12  -  STM1

6.3 Use and Abuse of Tests

  STUDENTS READ THIS SECTION
6.4 Power and Inference

  Power  -  Ex. 6.17, 6.19

  Type I Error  -  Ex. 6.20

  Type II Error  -  Ex. 6.20


	CHAPTER 7

Quantitative Variables
     ( - unknown

     ( - unknown

     t-Distribution
         df (degrees of Freedom)

7.1 One-Sample t-Procedures

  Confidence Interval Formula  :
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CI  -  Ex.  7.1  :  STM8
  Test of Significance
  P-Value  -  Ex.  7.2, 7.3  : STM2
    (One Sample t-Test)

  P-Value  -  Ex.  7.7

    (Matched Pairs t Procedures)

7.2 Comparing Two Means

  Confidence Interval Formula  :
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CI  -  Ex.  7.15  :  STM0
  Test of Significance
  P-Value  -  Ex.  7.14  :  STM4
    (Two-Sample t Procedures)

	CHAPTER 8

  Categorical Variables

     unknown proportion - p

     Normal Distribution
8.1 Single Proportion

  Confidence Interval Formula  :
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CI  -  Ex.  8.1, 8.4  :  STMA
  Test of Significance

  P-Value - Ex. 8.2, 8.3 : STM5

    (Single Proportion)
8.2 Comparing Two Proportions

  Confidence Interval Formula  :
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CI  -  Ex.  8.8  : STMB
  Test of Significance

  P-Value-  Ex.  8.9  : STM6

    (Comparing Two Proportions)

CHAPTER 9

  Categorical Variables

9.1 Inference for Two-Way Tables

Chi-Square Distribution

  Test of Significance

  P-Value  -  Ex. 9.6  :  STMc


	NOTE  -  STM  is an acronym for  STAT TESTS MENU.  A menu on the TI-83 calculator.


ALTERNATIVE METHOD  2  -  ELEMENTARY STATISTICS


If  X  is  B(8, 0.25),  then the TI-83 function  binomcdf(8,0.25k)  finds  P(X ( k),  where  k=0(1)8.  For example  :

P(X ( 3)  =  P(X = 0)  + P(X = 1)  + P(X = 2)  + P(X = 3)  =  binomcdf(8, 0.25 ,3)
Most of my students do not have trouble using the function  binomcdf(  when the required probability involves the symbol  (.  However, when the required probability involves the symbol  (  or >.  The common error is to use the expression  1  (  binomcdf(n, p, k)  with the wrong value for  k.  For example, if  P(X ( 4)  is required, many students will calculate the value of the expression  1  (  binomcdf(8, 0.25, 4),  believing that this is the correct probability, when, in fact, the expression  1  (  binomcdf(8, 0.25, 3)  is the correct probability.


I use the following diagram to show my students the difference between these two expressions.  I draw the boxes around the numbers, in the diagram below, using chalk or markers of the same color.  The row of numbers are the values that  X  can take.  In fact they form the top row of the probability distribution for this problem.  P(X ( 4)  is the sum of the probabilities for the values of  X  in the red box.  

	
	
	
	
	
	
	
	
	
	
	

	
	0
	1
	2
	3
	
	4
	5
	6
	7
	8

	
	
	
	
	
	
	
	
	
	
	


Since binomcdf(8, 0.25, 3)  is the sum of the probabilities for the values of  X  in the blue box

P(X ( 4)  =  1  (  binomcdf(8, 0.25, 3)

The function  binomcdf(8, 0.25, 4)  is the sum of the probabilities for the values of  X  in the green box so the expression  1  (  binomcdf(8, 0.25, 4)  is  P(X ( 5)  (or P(X > 4) )   NOT   P(X ( 4).


This diagram makes it possible for every student in my classes to understand how to obtain the correct answer to this type of question.  I encourage them to draw something like this in tests to ensure they obtain the correct answer, and some of them do.

ALTERNATIVE METHOD  3  -  COLLEGE ALGEBRA

The Arrow Method


The Arrow Method is a method which, unlike FOIL, allows a student to multiply out any of the algebraic expressions shown below using what I call arrow sets. The highlight below covers one arrow set.  So Example 1 has two arrow sets, one above the expression and one below, while Example 3 has three arrow sets, one above and two below the expression. I draw each arrow set using chalk of a different color and write the resulting terms on the other side of the equal sign in the same color as the arrow set, before finally collecting up terms using white chalk.  Even though the arrow sets below the expression in Example 3 cross each other, there is no confusion because they are drawn using different colored chalk.  Students frequently include the arrow sets even in the final!  Some even draw them in color!  I tested various ways of drawing the arrow sets and found the ones below the most effective.

[image: image36.emf]
	

	
	
	
	
	                Arrow Set

	1)     (5x - 2) (2x - 7)
	=   10x2 - 35x - 4x + 14

	
	
	
	
	
	=   10x2 - 39x + 14



	2)     (7x + 2) (x2 + 3x - 9)
	=   7x3 + 21x2 - 63x + 2x2 + 6x - 18

	
	=   7x3 + 23x2 - 57x - 18



	3)     (2x2 - 5x + 7) (3x + 2)
	=   6x3 + 4x2 - 15x2 - 10x + 21x + 14

	
	=   6x3 - 11x2 + 11x + 14



	4)     2x3 (3y + 2z)
	=   6x3y + 4x3z


ALTERNATIVE METHOD  4  -  COLLEGE ALGEBRA

The Guaranteed Factor Method


Many students have difficulty finding the two linear factors with integer coefficients of a second-degree polynomial (if they exist)  i.e.  finding the factors of a second-degree polynomial relative to the integers.  The  Guaranteed  Factor  Method uses a program, input by a student into the  TI-83  calculator, to find these factors for any second-degree polynomial of the form  Ax2 + Bx + C.  For example, if the two linear factors with integer  coefficients of the  second-degree polynomial  12x2 + 7x – 10  are required,  this method will let  any  student find  the  expression    (3x – 2) (4x + 5).  The output from the program will make it clear, if the polynomial cannot be factored relative to the integers.  The following program, called  QUADPROG,  must be entered into the calculator first.  

	
	
	

	
	PROGRAM:QUADPROG

:Prompt  A,B,C

:(-B+((B2 – 4AC))/

(2A)(P

:(-B–((B2 – 4AC))/

(2A)(Q

:Disp (ZEROS  ARE

(,P(Frac,Q(Frac
	



The following procedure finds the roots of     12x2 + 7x – 10  =  0  (or the zeros of  12x2 + 7x – 10 )  :


Step  1


(3x – 2) (4x + 5)  =  0


Step  2

then either     (3x – 2)  =  0    or    (4x + 5)  =  0


Step  3

     and thus either         x  =  
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      or      x  =  
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Step 1  contains the factors of the quadratic function  12x2 + 7x – 10  relative to the integers.  It is this step that students have difficulty completing.  When  A  =  12,    B  =  7,    and    C  =  -10    are entered into QUADPROG the output is Step 3.  Students can then proceed backwards to  Step 1  to obtain the factors of the quadratic function relative to the integers  i.e.


Step  3
  Output from QUADPROG  :    x  =  
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      or      x  =  
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Step  2

then either     (3x – 2)  =  0    or    (4x + 5)  =  0


Step  1


(3x – 2) (4x + 5)  =  0

Therefore    (3x – 2)   and   (4x + 5)    are the factors of the quadratic function   12x2 + 7x – 10   relative to the integers.  Now, using QUADPROG, every one of my students can find the factors of any quadratic function relative to the integers.  During my College Algebra course last semester, one of my students said  “QUADPROG is so cool”.  This must be the ultimate accolade!

There are many topics that cause students difficulty, and hence Maths Anxiety, that can be modified and simplified.  I have always found that creating an alternative method to overcome a problem is a lot of fun, even though some of them can take a lot of time to create and test.  However, I have always found that this extra time is well spent.  If there was a first law of teaching, I think it would read  :


Teacher gives more;

Students gain more;

Teacher gives less;

Students gain less;

There are no shortcuts in teaching!

20)
ADDITIONAL VOLUNTARY TUTORIALS (USUALLY DURING FREE PERIOD)


During the course of the term, usually before a test, I put on an additional Voluntary Tutorial, which usually lasts from 45 minutes to an hour, although, I am quite happy to continue as long as they want me to stay.  They can ask, me to do anything from solving a problem to repeating some theory.  I have had as many as 80% of a class turn up to one of these sessions.  Strangely enough as each student leaves an additional Voluntary Tutorial, they thank me for it.  This never happens after a normal lecture!


These study sessions take an extra 8 to 10 hours of my time for all classes during the average term, less if I am teaching two sections of the same course.  However, the positive response of my students during a normal class and during an additional Voluntary Tutorial justifies ever minute of them.  I used to call additional Voluntary Tutorial, Additional Study Sessions.  However, I had to change the name because on one particular day, without thinking and for speed, I wrote the acronym for Additional Study Sessions in big letters on the board and then wondered why my students were laughing!  We do not spell this word like this in England!

21)
MARKING SCHEME FOR ALL TESTS (AVAILABLE TO STUDENTS) WITH PARTIAL CREDIT THROUGHOUT ALL QUESTIONS


My students do not compete against each other when they are taking a test.  I create a complete marking scheme for every question and part of a question for each test.  Quite often one part of a question needs a value calculated in a previous part of the question.  If that value is wrong the rest of the question will be wrong.  However, a student does not get penalized twice.  He/she will lose from 2 to 4 marks for the wrong value, but I check the rest of the question that uses the wrong value to see if this wrong value has been used correctly.  If the wrong value has been used correctly throughout the rest of the question, no more marks will be lost.

22)
CONSTANTLY ASKING QUESTIONS DURING CLASS


As I proceed through each class I constantly ask all different types of questions.  This substantially increases the interaction between my students and I.  In the first week of class, when my students want to ask me a question or answer a question during class, they raise one hand and wait for me to notice them.  This seems to be the norm in America.  I tell them not to raise their hand, just call out the question or the answer.  This is the norm for me when I was teaching in England.  It usually takes a few weeks for me to get them used to calling out their questions and answers.  This strategy saves time.


It should be noted that not all questions are equal!  I rank questions according to the amount of steps that a student must go through to reach the answer.  A Zero-Step Question in Statistics would be “What is the name of the resistant measure of center?”.  There is one answer – the median, no additional thought is required, hence a Zero-Step Question.  An example of a One-Step Question would be “The median of a symmetric distribution is 6.7, what is the mean of this distribution?”.  This time students have to realize that if the distribution is symmetric, the median equals the mean, so the mean is also 6.7.  This question requires one thought before it can be answered, hence a One-Step Question.  I also use Two-Step, Three-Step Questions etc., in my classes.  I have found that Multi-Step Questions produce the best responses and even unexpected responses leading to useful discussion topics.

23)
USING A METALANGUAGE WITH THE TI-83 CALCULATOR


The keyboard of the TI-83 calculator has white characters on every key, yellow characters either above or above and to the left of all the keys except two, and light blue characters above and to the right of many of the keys.  The symbols  <   >  are called  angle brackets.  When I want my students to select a function or command, I write the key sequence on the board with the white names on the keys in angle brackets or I say the names of the keys that form the key sequence.  I use the symbol  (  to represent the  right  arrow  key,  (  to represent the  down  arrow  key  etc.  I do not enclose the integers   0,  1,  2,     , 9  in angle brackets in any key sequence, and for speed, I use the character  [image: image33.png]


  on the board to represent the key marked  < ENTER >  on the calculator.  Characters, that are output to the screen by the calculator, will be shown as underlined characters in the DISPLAY column in a table.  On the board, I will use white chalk or a black marker for a key sequence and orange chalk or marker for characters that are output to the screen by the calculator.


I will use the QUIT command as an example.  The QUIT command takes the user to the home screen.  It is in yellow above the key marked  MODE in white.  To  QUIT to the home screen, I can instruct my students to press the correct keys by saying  “2nd MODE”, if I am not near the board, or I can write  < 2nd >  < MODE >  on the board.  My students will know that they must first press the key on the keyboard with  2nd  on it, and then press the key with MODE on it.  Frequently in class, a student will ask a neighbor how to do something on the TI-83, and the other student will shout the key sequence back.  I have found this strategy saves time, is very simple, and provides my students with a simple method of verbally communicating instructions between students.  I am frequently asked to put Key Sequences on the blackboard.

AN EXAMPLE OF A KEY SEQUENCE

The key sequence for the function normalcdf(20, 1E99, 25, 5)  on the  TI-83  is  :

	KEY  SEQUENCE
	SCREEN  DISPLAY

	< 2nd >  < VARS >  2
	normalcdf(

	2  0  < , >
	normalcdf(20,

	1  < 2nd >  < , >  9  9  < , >
	normalcdf(20,1E99,

Note  :  ( 1E99  =  + ( )

	2  5  < , >
	normalcdf(20,1E99,25,

	5  < ) >
	normalcdf(20,1E99,25,5)
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	0.8413447404


I say only the characters in the Key Sequence column.  For example, I will say “2nd VARS 2” to paste normalcdf(  to the home screen.  I write only the characters in the key sequence column above, on the board, although I include both columns in a hand out.
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