Pairs of Biased Dice: Investigation
Sample Report
Aims:
To build up a clear understanding (depending on depth required and interest levels of students) of:
· experimental probabilities,
· constructing a probability space,
· bias,
· differentiating between bias and unequal probabilities,
· hypothesis testing,
· statistically significant experimental results.
Setup:
We know one of four dice is biased. We can even exert a limited influence on that bias. We then record successive sums for each pair of dice, to see how many rolls we need before the pair containing the biased die shows up clearly.
Tip:
You can risk going over the maximum trials, because you can always use ‘undo’ to go back to a previous ‘nice number’ if a full-up value reoccurs before you get to the next 5 or 10!
Summary of Results:
The raw data collected in the Appendix, shows clearly that:
· in Investigation1, the ……. pair of dice includes the biased dice,
· in Investigation2, the ……. pair of dice includes the biased dice,
· in Investigation3, the ……. pair of dice includes the biased dice,
· in Investigation4, the ……. pair of dice includes the biased dice.
This is clear because:





Questions for Teachers
Re Investigation:
Is a possible maximum of 70 trials on each pair too few? Should I include more trial spaces? (It is possible to overwrite 1s with 2s, 3s etc in the tallies, but you lose the pictorial representation of the skew if you do.)
Would the tally charts be clearer if they mirrored each other, so that the frequencies for both pairs were in the centre?
Should I restrict or expand the weighting options for the biased die? (eg allow no weighting, or only allow weighting above 3)
Any suggestions for a better weighting algorithm? (see top row of each sheet, for the current one)
Do you desperately need me to give the option of hiding / working out from scratch the probability space for all possible outcomes? (I’m trying to keep the option boxes to a minimum!)
Re Sample Report / Lesson Plan:
Anything to add?
Does it address key weaknesses / misconceptions in your curriculum?
(hopefully not, but …) Does it propagate any key weaknesses / misconceptions?

Many thanks for your feedback and I hope you find this activity useful!
[bookmark: _GoBack](feedback to: Margaret@mgse.co.uk )


Appendix 1
Example Raw Data:
	
	Biased Die Rolls More Over 3s
	Biased Die Rolls More Over 4s

	Weakest Bias
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	Weak Bias
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	Stronger Bias
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	Strongest Bias
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Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:IIl + 1.2 3 4 5 6
One of the dice above is biased. Choose how biased it will be. o
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die! 3| 4
) . - " ) ) 4
Can you refine your investigation to find the biased die? 5
Red Pair Show Expected Frequencies?|  yes Theoretical Blue Pair 5 10 1 12
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 1 1 3.1 2 111 3
3 1 1 6.1 3 ARRRRRRR 8
4 111 3 9.2 4 a{1fafafafa]1 7
5 111 3 122 5 alafafafalafa]a]a]s 10
3 11211 5 15.3 3 afafafafalafafafala]al1]a]1 14
7 afafafafalaalafalalaalalaa]a a]aa]1 20 18.3 7 afafafafalafafalaalalaalala]a]a]1 18
8 afafafafalafa]afala]a]1]1 13 15.3 8 afafafafalafalalal1]a]1 12
9 afafafafalaalafalalaalalaa]a a]aa]1 20 122 9 alafafafafafalalaalalalalal1]a]1 17
20 [afafafafafafafafalafala]alala]al1]1 18 9.2 10 [afafafa]afalala[1]1 10
11 [afalafafafafafafalalaa]afala]ala]a]a]1 20 6.1 11 [1f1]a[1]1 5
12 [1]1]a1[1]1]1 3 3.1 12 [1]1]a1[1]1]1 3
Total Frequency 110 Total Frequency 110 =
| Intro | OneDie | TwoDice | ThreeDice | FourDice | FiveDice | SixDice | Investigationl | Investigation2 | Investigation3 | Investigationd | < >
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ua - Roll
(o) (o) Roll
lo) lo) Choose or type 'ROLL" or 'R*
to roll the dice.
Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:Izl + 1.2 3 4 5 6
One of the dice above is biased. Choose how biased it will be. ; ;
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die! 3| 4
Can you refine your investigation to find the biased die? 5
Red Pair Show Expected Frequencies?|  yes Theoretical Blue Pair 5 10 1 12
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 1 1 22 2 1 1
3 1 1 4.4 3 ARRRRRRR 8
4 0 6.7 4 11211 5
5 1111 4 8.9 5 alafafafalafa]a]a]1 10
3 alafafafalafa]a]a]1 10 11.1 3 afafafafafafala]al1]1 11
7 afafafafalaalafalalaalalaa]a a]aa]1 20 13.3 7 afafafafalafa]afala]a]1]1 13
8 alafafafalafalalafalalala]ala]ala]1]1 19 11.1 8 afafafafalafalalal1]a]1 12
9 ARRRRRRR 8 8.9 9 afafafafalafalalal1]a]1 12
10 [afafafa]afalala[1]1 10 6.7 0 [1f1]a[1]1 5
11 [1[1]1 3 4.4 1 |1 1
12 [1]1]1]1 4 22 12 |11 2
Total Frequency 80 Total Frequency 80
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Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:IIl + 1.2 3 4 5 6
One of the dice above is biased. Choose how biased it will be. ; ;
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die! 3| 4
Can you refine your investigation to find the biased die? 5
Red Pair Show Expected Frequencies?|  yes Theoretical Blue Pair 5 10 1 12
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 0 26 2 1[1 2
3 1 1 5.3 3 1121 3
4 111 3 7.9 4 alafafafalafa]a]a]1 1 12
5 1121 3 10.6 5 1121 3
3 afafafafalafalalal1]a]1 13 13.2 3 alafafafalafa]a]a]1 1 12
7 afafafafalafalalal1]a]1 1[1 15 15.8 7 alafafafalafa]a]a]1 ARRRRRRR 19
8 afafafafalafalalal1]a]1 1 14 13.2 8 alafafafalafa]a]a]1 11211 16
9 afafafafalafalalal1]a]1 12 10.6 9 1121 3
10 [afafafafafafa]afa]a]a]1 12 7.9 0 [1f1]a[1]1 5
11 [afafafafafafa]afa]ala]1 13 5.3 11 [afalafafaa[1]1 8
12 [1]1]a1[1]1]1 3 26 12 [1]1]1 3
Total Frequency 95 Total Frequency 95
| Intro | OneDie | TwoDice | ThreeDice | FourDice | FiveDice | SixDice | Investigationl | Investigation2 | Investigation3 < »
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(o) (o) Roll
lo) lo) Choose or type 'ROLL" or 'R*
to roll the dice.
Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:Izl +
One of the dice above is biased. Choose how biased it will be. ;
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die! B
Can you refine your investigation to find the biased die? 5
Red Pair Show Expected Frequencies?|  yes Theoretical Blue Pair 5
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 1 1 28 2 1[1 2
3 11211 5 5.6 3 0
4 alafafafalaf1]a]1 9 8.3 4 111 3
5 11211 5 11.1 5 alafafafalafa]a]a]1 10
3 afafafafalafa]afala]al1]a]1 14 13.9 3 afafafafalafa]afala]al1]a]1 14
7 afafafafalaalafalalaalalaa]a a]aa]1 20 16.7 7 alafafafalafalalafalalala]ala]ala]1]1 19
8 afafafafalafa]afala]a]1]1 13 13.9 8 afafafafalafalalal1]a]1 12
9 afafafafafafala]al1]1 11 11.1 9 afafafafalafa]afala]a]1]1 13
10 [afafafa]afalala[1]1 10 8.3 10 [afafafafafafafafalalala]aal1]1 16
11 [afalafafafaf1]a]1 9 5.6 11 [afafafafafaf1 7
12 [1]1]1 3 28 12 [1]1]1]1 4
Total Frequency 100 Total Frequency 100
| Intro | OneDie | TwoDice | ThreeDice | FourDice | FiveDice | SixDice | Investigation1 | Investigation2 | Investigation3 | Investigationd < >
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Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:IIl + 1.2 3 4 5 6
One of the dice above is biased. Choose how biased it will be. o
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die! 3| 4
Can you refine your investigation to find the biased die? 5
Red Pair Show Expected Frequencies?|  yes Theoretical Blue Pair 5 10 1 12
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 1[1]aaf1]1 3 25 2 1 1
3 111 3 5.0 3 1 1
4 alafafafalaf1]a]1 9 7.5 4 1[1 2
5 alafafafalaf1]a]1 9 10.0 5 1 1
3 afafafafalaalafalalaalalaa]a a]aa]1 20 125 3 1121 3
7 afafafafalafa]afala]a]1]1 13 15.0 7 afafafafafalalalaa]ala]a]a]1 15
8 alafafafalaf1]a]1 9 125 8 afafafafalafa]afala]al1]a]1 14
9 1121 3 10.0 9 afafafafalafafalala]alaalala]a]a]1 18
0 [1f1]af1]1]1 3 7.5 10 [afalafafafafafafalalala]a]1 14
11 [1f1]af1]a1]1 3 5.0 11 [afafafafafafa]afalala[1]1 13
12 [1]1]1 3 25 12 [1]1]1[1]1 s
Total Frequency 90 Total Frequency 90
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Roll
Choose or type 'ROLL" or 'R*
to roll the dice.
Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:Izl
One of the dice above is biased. Choose how biased it will be.
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die!
Can you refine your investigation to find the biased die?
Red Pair Show Expected Frequencies?|  yes Theoretical Blue Pair 10 1 12
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 1[1]aaf1]1 3 3.3 2 1 1
3 ARRRRRRR 8 6.7 3 11211 5
4 afafafafalafa]afala]a]1]1 13 10.0 4 ARRRRRRR 8
5 afafafafalaalafalalaalalaa]a a]aa]1 20 13.3 5 alafafafalafa]a]a]1 10
3 afafafafalafafalala]alaalala]a]a]1 18 16.7 3 afafafafalafafalala]alaalala]a]a]1 18
7 afafafafafafalafaa]ala]a]a]1 15 200 7 afafafafalafafalala]alaalala]a]a]1 18
8 afafafafalafa]afala]al1]a]1 14 16.7 8 afafafafalafalalaa]alala]a[1]1 16
9 afafafafalafalalal1]a]1 12 13.3 9 afafafafafafalafaa]ala]a]a]1 15
10 [af1lafafafaf1]a]1 9 10.0 20 [afafafafafafa]afalalala]a]a]1 15
11 [1f1]a[1]1 5 6.7 11 [1f1]a[1]1 5
12 0 3.3 12 [1f1]afafaa[1]a1]1 9
Total Frequency 120 Total Frequency 120 -
| Intro | OneDie | TwoDice | ThreeDice | FourDice | FiveDice | SixDice | Investigation | Investigation2 | Investigation3 | Investigationd | < >
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(o) (o) Roll
Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:IIl
One of the dice above is biased. Choose how biased it will be.
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die!
Can you refine your investigation to find the biased die?
Red Pair Show Expected Frequencies?|  yes - Theoretical Blue Pair 10 1 12
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 1[1]1]1 4 1.9 2 0
3 111 3 3.9 3 1[1 2
4 1[1 2 5.8 4 1121 3
5 afafafafalafa]afala]a]1]1 13 7.8 5 0
3 a{1fafafafa]1 7 9.7 3 1111 4
7 afafafafalafa]afala]a]1]1 13 11.7 7 afafafafalafa]afala]a]1]1 13
8 alafafafalaf1]a]1 9 9.7 8 afafafafalaalafalalaalalaa]a a]aa]1 20
9 alafafafalaf1]a]1 9 7.8 9 111 3
10 [1[1]1 3 5.8 10 [af1]afafaa[1]1 8
11 [1f1]a[1]1 5 3.9 11 [afafafafafafa]afa]ala]1 12
12 |11 2 1.9 12 |11 2
Total Frequency 70 Total Frequency 70 -
| Intro | OneDie | TwoDice | ThreeDice | FourDice | FiveDice | SixDice | Investigation | Investigation2 | Investigation3 | Investigationd | < >
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(o) (o) (o) (o) Roll
lo) lo) lo) lo) Choose or type 'ROLL" or 'R*
to roll the dice.
Choose the Bias: (change the green number!) Possible Outcomes:
Setting Up The Investigation: The biased die will roll slightly more of numbers over:Izl + 1.2 3 4 5 6
One of the dice above is biased. Choose how biased it will be. o
Then collect data in the tables below, to decide which pair is fair and which pair contains the biased die! 3| 4
Can you refine your investigation to find the biased die? 5
Red Pair Show Expected Frequencies?[  Ves Theoretical Blue Pair 5 10 1 12
Expected
Dice Sum [Tally _ (Puta'1'in each box as needed) Frequency | Frequency [Dice Sum| Tally (Puta'1'in each box as needed) Frequency
2 1 1 24 2 1[1]a]a]1 5
3 111 3 47 3 a{1fafafafa]1 7
4 1[1 2 7.1 4 a{1fafafafa]1 7
5 1121 3 9.4 5 afafafafafafala]al1]1 11
3 alafafafalaf1]a]1 9 11.8 3 alafafafalafa]a]a]1 10
7 alafafafalafalalafalalala]ala]ala]1]1 19 14.2 7 alafafafalafa]a]a]1 10
8 alafafafalaf1]a]1 9 11.8 8 a{1fafafafa]1 7
9 afafafafafafalafaa]ala]a]a]1 15 9.4 9 afafafafalafalalal1]a]1 12
20 [afafafafafafa]afalalala]a]a]1 15 7.1 10 [afafafa]afalala[1]1 10
11 [1f1]a[1]1 5 47 11 [1f1]1]1 4
12 |1 1 24 12 |11 2
Total Frequency 85 Total Frequency 85 =
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