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Roll, Pickand Addice Gamef TOC

Roll, Pick, and Addicegames &e easyto learn and playlstgraders can play the easiest games. Start
with aneasy gamethen play more difficult gamesup, up, and away

Level Grade 1Grade 2up, up, and away -
Number of playersl1 or 2 or more - cEj 'Ej
.

Tools & Toys2D6 (two sifaceddice, each numbered 1 to &lay shees s ®
for recordingturns as they are playe&ee Appendit for play sheets.

2D6
Three versions of the game arkry for High Go for Low andHit the Target In each game:

91 Play four or five rounds, qgulaythe number of rounds thayouwant to play. All players play
every round, so that each player has theneanumber of turns.

Try for High Game Go for Low Game Hit the Target Game
Objective Maximize your scote Objective Minimize your score. Objective Hit atarget number.
We suggest:

1 12 orl6ina 4round game
1 15 o0r20ina 5round game.

Set each player's score to zero Set each player's score to zero Set each player's score to zero

In each round, each player: Ineach round, each player In each round, each player

1. Rolls 2D6. 1. Rolls 2D6. 1. Rolls 2D6.

2. Picks the highemgfeate) of 2. Picks the lower (lesser) of 2. Picks the better di¢o help
the two dice. the two dice. hit the target.

3. Adds thenumber onthe 3. Adds thenumber onthe 3. Adds thenumber onthe
pickeddieto her or his picked dieto his or her picked die to her or his
score. score. score.

Play an agreedpon number of Play an agreedpon number of Play an agreedpon number of
rounds. We suggest four or five rounds. We suggest four or five rounds. We suggest four or five

rounds. rounds. rounds.

In a multiplayer gamehe In a multiplayer game hie In a multiplayer game, the
winner is theplayerwith the winner is theplayerwith the winner is the player whose
greatestscore. Ties arpossible leastscore. Ties arpossible score is closest to the target

number. Ties arpossible
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Roll, Pick, and Addy for HighGamel TOC

Try for High Maximizeyour score make it bigRoll 2D6,pick thegreater (or equal)of the two dice and
add it toyour score Play four turns or five turns or the number of turysu and your studentsvant to
play. Here are sample-&urn and 4turn Try for Higlgames.

Table 01 Try for High Game Q5B Turns

Turn| Roll 2D6| Pick | Add to score| Score| Notes
0 Begin the game. Séte score to zero.
1 3and4 | 4 0+4=4 4 | 4 > 3Pick 4 ancdd it to the previous score.
2 land6 | 6 4+6=10 10 | 6 > 1.Pick 6 anchdd it to the previous score.
3 3and5| 5 10+5=15| 15 | 5> 3.Pick5 ancdd it to the previous score.
4 2and2 | 2 15+2=17| 17 | 2= 2Pick 2 anchdd it to the previous score.
5 land4 | 4 17+4=21| 21 | 4>1Pick4 anddd it tothe previous score.

Try for High Game 01 final score: 21

Bol) &year-old granddaughteplayedTry for Higlgames At first, sheused basel0 blocks tacalculate
her score. After playing launch ofgamesshemoved beyond the bas&0 blocks, and used mental math
and paperand-pencil mathto calculate her score and record it on her play sh&etendipity! Playing a
game motivated br to move up in math maturity.

TableO1A Try for High Game 04, 5 Turns Basel0 Blocks
Turn| Roll 2D6| Pick | Add to score| Score| Basemn o f 201 WO f Odzt | (2
0 | Setthe score to zero. No ba4® blocks.
1 | 3and4 | 4 0+4=4 4 | AMAA
2 land6 | 6 4+6=10 10 | AAAAAAAAAA [or trade for1 rod]
3 | 3and5| 5 10+5=15| 15 | AAAAAAAAAAAAAAA[or 1 rod &AAAAA]
4 | 2and2| 2 15+2=17| 17 | AAMMAAAAAAAAAAAAAA [or 1 rod &AAAAAAA]
5 | land4 | 4 17+4=21| 21 | AAMMAAAAAAAAAAAAAAAAAA[or 2 rods &A]
Try for High Gam@1A final score AAAAAAAAAAAAAAAAAAAAA [or 2 rods &A
We think aset of basey n Odz06 S& YR NRBR& A&
1st-grade students, especially if the young player swaps 10 cubes for a ro
PPP whenever possiblePlace value alakazatRods (tens) and cubes @s) are PPP

the right stuff forlstgrade gamedf you are an elementargchool teacher,
you probably know morabout basel0 blocks than we daVe know enough
about basel0 blocks to love them as todisys for learning and teaang.
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Thatg | & Fdzy® [ SGQa LI & | Hurhgawe. ¢NBE T2NJ I AIK DIFYS n

Table 02Try for High Game®) 4 Turns
Turn| Roll 2D6| Pick | Add to score| Score| Notes

0 Begin the game. Séte score to zero.

1 3and6 | 6 0+6=6 6 6 > 3.Pick 6 and add it to the previous score.
2 land1 1 6+1=7 7 1=1.Pick 1 and add it to the previous score.
3 2and3 | 3 7+3=10 10 | 3> 2Pick 3 and add it to the pyvious score

4 2and4 | 4 10+4=14| 14 | 4> 2Pick 4 and add it to thprevious score.

Try for High GameX¥inal score14

PlayTry for High Game (&gain usindpase10 blocks (cubes and rods) calculatethe score.

Table02A.Try for High Game ZA, 4 Turns Basel0 BlockCalculator
Turn| Roll 2D6 | Pick | Add to score| Score| Basemn o6f 201 WOI t Odz | (2
0 Set the score to zero. No ba&é blocks.

1 3and6 | 6 0+6=6 6 AAAAAA

2 land1 | 1 6+1=7 7 | AMAAAA

3 2and3 | 3 7+3=10 | 10 | AAAAAAAAAATor trade forl rod]

4 2and4 | 4 10 +6 =16 14 | AAAAAAAAAAAAAA [or 1 rod &AAAA]

Try for High Game 01 final SCOAAAAAAAAAAAAAA [or 1 rod& AAAA]

Easy gestionsandanswersfor you and your students to ponder.

I Q01 What is thegreatestpossible score in atirn game?Answer4 x 6 = 24]
T QO02. What is thgreatest possible score in adrn game?7Answer:5 x 6 = 30]

Youand your students can play fewer turns or more turns. 3 turns? 6 turns?
1 QO03.What is thegreatestpossible score in a®irn game?

1 QO04.What is thegreatestpossible score in atirn game?
T QO5. What is the greatest possible score imgarn game, where you choose the valuendf

Ahoy Teacher, To get the greatest possible score, you netist § on every
P P P | 2D6 roll. Excruciatingly unlikely. For moreabthis, seeD6 Probabity and PPP
Statisticsway down yader.
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Roll, Pick, and Adslo for LowGame] TOC

Go for LowMinimize your scoremake it smallRoll2D6, pick thelesser of the two dice, and add it to
your score. Play four turns or five turns or the number of tyros and your studentsvant to play.
Below samplegamesusingthe same dice rollsasin the Try for High games aba\eterg way down
yonderg we will compareTry for High, Go fordw, and Hit the Target picker these dice rollsHereis a
Go for Lowb-turn game

Table03. Go for LowGame 015 Turns
Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 3and4 | 3 0+3=3 3 3 <4 Pick3 and add it to the previous score.
2 land6 1 3+1=4 4 1<6. Pickl and add it to the previous score.
3 3and5 | 3 4+3=7 7 | 3<5. Pick 3and add it to the previous score.
4 2and2 | 2 7+2=9 9 2 = 2. Pick 2 and add it the previous score.
5 land4 | 1 9+1=10 10 | 1<4. Pickl and add it to the previous score.
Go for LowGame 01 final scord:0

[ SGQa LI I #urn&&fér Ldwgan® 8nd pse Ba®rods and cubes to calculate the score.

Table0O3A. Go for LowGame 0A, 5 Turns Basel0 BlockCalculator
Turn| Roll 2D6| Pick | Add to score| Score| Basemn o f 201 WO f Odzt | (2
0 Set the score to zero. No ba4® blocks.
1 | 3and4 | 3 0+3=3 3 | AAA
2 | 1and6 | 1 3+1=4 4 | AMAA
3 | 3and5| 3 4+3=7 7 | AAMAAAAA
4 | 2and2 | 2 7+2=9 9 | AAAAAAAAA
5 land4 | 1 9+1=10 | 10 | AAAAAAAAAA [or trade for 1 rod)]
Go for Low Game 01A final scoASAAAAAAAA [or trade for 1 rod)]

Ahoy, 1stgrade teacherWe will love itif your yourg mathemagicianase
base10 rods anctubes as aatculator. We think that usingase 10 blocks
is similar to using an abacus, an ancient and honorable calculating mac

Image of abacus over yonder is from

1 Abacuttp://en.wikipedia.org/wiki/Abacus

Conjecture BaselO blocks were invented a long time ago inr@land elsewhereandthen evolved

into the abacus and the Japamesoroban.
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We suggest and showtirn and 4turn games, but @urn, 7-turn, and moreturn games are OKthey
just take donger to playHere isa4-turn gameusing the same dice rolls # 4-turn Try for High
games up yondea few pages

Table @&. Go for LowGame @, 4 Turns
Turn| Roll 2D6| Pick | Add to score| Score| Notes
0 Begin the game. Set the scorezero.

1 3and6 | 3 0+3=3 3 3< 6 Pick3 and add it to the previous score.
2 land 1 1 3+1=4 4 1=1. Pick 1 and add it to the previous score.
3 2and3 | 2 4+2=6 6 2 < 3. Pick2 and add it to the previous score
4 2 and4 2 6+2=8 8 2<4. Pick2 and add it to the previous score.

Go for LowGame 02 final scoré:

Same game using ba4é cubes and rods as a calculator.

Table 04A. Go for Lo@ame @, 4 Turns BaselO BlockCalculator
Turn| Roll 2D6| Pick | Add to score| Score| BaselO-blockW O f Odzf | G 2 N
0 Begin the game. No badgé blocks.

1 3and6 | 3 0+3=3 3 | AAA

2 | 1andl| 1 3+1=4 4 | AAAA

3 2and3 | 2 4+2=6 6 | AMAAA
4 2and4 | 2 6+2=8 8 | AAAAAAAA

Go for Low Game 02 final scof8dAAAAAA

Easy questions [arsho answers] for you and your students to ponder.

1 QO1. What is thdéeastpossible score in atirn game? pnswer:4 x1 =4]
T QO02. What is the leapossible score in afirn game? Answer:5 x1 = §

You and your students can play fewer turns or more turns. 3 turns? 6 turns?
1 QO03. What is théeastpossible score in a@irn game?

1 QO4. What is théeastpossible score in afirn game?
1 QO5. What is théeastpossible score in amturn game, where you choose the valuensf

Ahoy Teacher, To get theastpossible score, you muget a 1 orevery turn
PPP Unlikely. For moreéo do about this, sedd6 Probabilitesand Statisticsand PPP
Role, Pick, and Add Probabilities and Statistieay down yader.
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Roll, Pick, and Add Hit tharget Gam¢ TOC

GKS 3 YS:Z

2y S

Hit the Target: Choose a target number and try to hit it. ke target =12
or 16 for a 4turn game target = 5 or 20 for a Burn game Multiplayer
game:the player closest to the target is the winner. Ties are possible.
Example: In a-urn game with two players, the target is 12. At the end N
L I @SNJ KIFa mm | YR ;

4-turn game with target =2. It would be cool to get a 3 on everyrn: 4 turns x 3 per turn = 1Zhis is
anunlikely game.

5-turn game with targt = 20. 1 would bebodaciougo get a 4 orevery roll: Sturnsx 4per turn= 20.
Rolling 2D6 five times and geng a 4 on every roll igeryunlikely.

Sample game&ame dice rollsas in the Try for High and Go for Low gamesyonder.Laterin this
eBookwe will compare Try for High, Go for Low, and Hit the Tastyategiesfor the samedice rolls.

Table05. Hit the TargetGame01, 5 Turns,Target =20
Turn| Roll 2D6 | Pick | Add to score| Score| Notes

0 Beginthe game. Set the score to zero

1 3and4 | 4 0+4=4 4 | Getting a4 every turnis an improbable dream

2 land6 | 6 4+6=10 10 | Highby 2.Bye, bye improbable dream.

3 3and5 | 3 10+3=13 13 | High by 1.

4 2and2 | 2 13+2 =15 15 | Low by 1.

5 land4 | 4 15+4=19 19 | Missed the targeby 1.

Hit the TargetGame 0ITarget = 20.iRal score £9. Distance from target 1

Play it again using a ba&é-block calculator.

TableO5A Hit the TargetGame OA, 5 Turns Target = 20Basel0 BlockCalculator
Turn| Roll 2D6| Pick | Add to score| Score| Basemn o f 201 WOLI f Odzt | (2
0 Set the score to zero. No ba4® blocks.
1 | 3and4 | 3 0+3=3 4 | AAAA
2 land6 | 6 4+6=10 | 10 | AAAAAAAAAATor trade for 1 rod]
3 | 3and5| 3 10+3=13| 13 | AAAAAAAAAAAAA [or 1 rod andAAA]
4 | 2and2 | 2 13+2=15| 15 | AAAAAAAAAAAAAAA [or 1 rod andAAAAA]
5 | 1land4 | 4 15+4=19| 19 | AAAAAAAAAAAAAAAAAAA[or 1 rod and 9
Hit the TargetGame 01A final scordAAAAAAAAAAAAAAAAAA [or 1 rod andAAAAAAAAA]
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NextHit the Targegame:Four turns, arget =12.

Table06. Hit the TargeGame02: 4 Turns, Target =12

Turn

Roll 2D6 | Pick | Add to score| Score| Notes

0 Begin the game. Set threeore to zero.

1 3and6 | 3 0+3=3 3 On target.3 evay turn would be munificent!
2 land1l | 1 3+1=4 4 | Low by 2.

3 2and3 | 3 4+3=7 7 | Low by 2.

4

2 and4 4 7+4=1 11 | Missed the targeby 1.

Hit the TargeGame @ Target = 12.iRal score=11. Distancdrom target=1

Same gamaesinga basel0-block calculator.

TableO6A. Hit the TargeGame @A: 4 Turns, Target = 1Basel0 BlockCalculator

Turn

Roll 2D6 | Pick | Add to score| Score| Basemn o6f 201 WOl t Odz | (2

0 Set the score taero. No basd 0 blocks.

1 3and 6 3 0+3=3 3 AAA
2 | land1l | 1 3+1=4 7 | AAAA

3 | 2and3| 3 4+3=7 7 | ABARAAA
4

2 and4 4 7+6=1 11 | AAAAAAAAAAA [or 1 rod andA]

Hit the Target Game 01A final sSCORSAAAAAAAAA [or 1 rod andA

TheHit the Targegamerequires a higher level ehath maturity than the Try for Highgameor the Go
for Lowgame.

)l
1

1

Try for High. Roll 2D@ick the greater of the two diceand add it to your scordviath maturity

level 1st grade?

Go for Low. Roll 2Dgickthe les®r of the two dice and add it to your scoréMath maturity

level 1st grade?

Hit the Target. Every turn, instead of simply picking the grediteas in Try for Higbr the

lesse die as inGo for Lowpickthedieth i 6SaG (1 SSLBSeRdzy @Ay | WRHABSBKS
maturity level.

On targe® More about that on the nextage Math maturity? G to our free eBoolsite and download
the free eBookJsing Math Games and Word Problems to Increase the Math Maturit8@tkdentdy
David Moursund an&®Robert Albrecht.

1

http://i -a-e.org/downloads/freeebooksby-bob-albrecht.html
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How might a 1sgrade student calculate theesiredW 2{yT NEt&réiaReach turn in atirn gane,
target =12? Or in a 5turn game, target = 20@se basel0 cubes, pdraps as shown here

4-turn game, arget = 12Grab 12 basdO cupes.
Arrange the 12 bas#0 cubes in 4 groups (4 turns) withe same number of o

cubesin each groupAbracadabraThere are 3 cubes in each group. We would AAA

like togeta 3 every turnDesiredturn scores3, 6, 9, and 12f your students play AR

many 4turn games theymaydiscover that getting 8 every turnin a 4turn AAA

gameis unlikely, so itmightbe goodto adjust heir strategy after each turn.

If you roll 2 and 4 in turn 1, which do you pick? If you pick 2, yourligeore will be low by 1; if you
pick 4, your turAl score will be high by 1. Tugistrategy depends oyourturn-1 pick If they roll 2 and
4 inturn 1, Wil 1stgrade students pick 4 more frequently? Or pick 2 more frequently? Or pick 2 or 4
with aboutequr £ FNBIjdzSyOASaK 2SS R2yQli (y26®

5-turn game, target = 20. Grab 20 bad® cubes. AAAAAAAAAA
Arrange the20base10 cubes in5 groups b turns) withthe same number of ;
cubesin each groupAlakazam! There are 4 cubes in each group. We would | m
to get a 4 every turnDesiredturn scores4, 8, 1216,and 20.If yourstudents AAAA
play many &urn games, theynaydiscover hat getting a4 every turnin a 5turn  AAAA
gameisveryunlikely, sat might be good taadjust their strategy afteeachturn.  AAAA

If your turn4 score is 16 and your twfroll is 3 and 5, which do yqick? If you pick 3, your final score
will be 19, 1 less than the target; if you pick 5, your final score will be 21, 1 greater than the taitget. W
1st-grade students picB more frequently or pick5 more frequently? Or picB or 5 with aboutequal
FNEI|jdzZSyOASaK 2SS R2yQli 1y260®

Yep, we chose 12 as the target for adrn Hit the Target game because 12 is divisibld.lAnother
target might be 16 (16/4 turns = 4/turn). 8 \those 20 as the target in a&n Hit the Target game
because 20 is divisibley 5(20/5 turns = 4/turn) Another target®s-turn game:15 (15/5 turns = 3/turn).
For a 6turn gamefor 1stgraderswe might choosel8 (18/6 turns = 3/turn) or 24(24/6 turns = 4/turn)
as the target number

What if your students figure oyyeah!)the desired sore at the end of each turn idturn, 5turn, or
more-turn games? Bravo! Challenge them to calculate the desired score at the end oft@acfor, say,
a 4turn game with target = 14r a 5turn game with target = 18, arbest! ¢ Yourgame You chose the
number of turns andhe target number Your students figure ouhe desireddice rolleach turn and the
desired score at the end efch turn.

Alas, ve have not watched multitudes of tgtade students play Roll, Pick, and Add HitTheget, so
4 S R nhowXihest ideas work in a real classroqiyour classroom.

10
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Compare Try for High, Go for Low, and Hit the Target StraleffieS

Tables @, 08, and09 compare Try for High, Go for Low, andtHé Target strategies in-Eurn and 4
turn games that you have seen up yonder, and a néw6 game

TableO7 Try for High, Go for Low, and Hit the Tardgtrategies. 5 turnsHTTTarget = D
Try for High Go for Low Hit the Target (20)
Turn | Roll 2D6 Pick Score Pick Score Pick Score
0 0 0
1 3and 4 4 4 3 3 4 4
2 land6 6 10 1 4 6 10 (high)
3 3and5 5 15 3 7 3 13 (high)
4 2and 2 2 17 2 9 2 15 (low)
5 land4 4 21 1 10 4 19 (low by 1)
Table08 Try for High Go for Low, and Hit the Target Strategiekturns, Target = 12
Try for High Go for Low Hit the Target (12)
Turn | Roll 2D6 Pick Score Pick Score Pick Score
0 0 0
1 3and6 6 6 3 3 3 3
2 1and 1 1 7 1 4 1 4 (low)
3 2and 3 3 10 2 6 3 7 (low)
4 2 and4 4 14 2 8 4 11 (lowby 1)
Table09 Try for High Go for Low, and Hit the Target StrategiésTurns, Target =12
Try for High Go for Low Hit the Target (2)
Turn | Roll 2D6 Pick Score Pick Score Pick Score
0 0 0
1 1and 6 6 6 1 1 1 1
2 5and 4 5 11 4 5 5 6
3 2and 3 3 14 2 7 3 9
4 5and 2 5 19 2 9 5 14
5 3and 4 4 23 3 12 3 17
6 1 and3 3 26 1 13 3 20(low by J)

11
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Roll, Pick, and Add gamse&rategiesWhat to do after you roll 2D6:

9 Try for High strategyFick the greatel(or equal) dieand add it to your score.
9 Gofor Low strategy: iek the leser (or equal) dieand add it to your score

Try for High and Go for Low strategies are easy. No problem fgrade players, we think. True?

Hit the Target strategies are muttdickier ¢ perhaps an interesting challenge for Zgtaiders, easier for

older playersHere arepossiblestrategies for 4urn, 5turn, and 6turn Hit the Target games:

9 4-turn game target = 12, desired score per tusr8. Desiredscores along the wa, 6, 9, and

1

T

Hereis acontrivedgame(weR A Ry Qi

12. Each turn,oll 2D6 and fzk the die that makes your score closest to thesiredscore.

5-turn game, target = 20, desired score per turn = 4. Desired scorestalomgy: 4, 8, 12, 16,
and 20. Each turnpifl 2D6 and pick the die that magkeour score closest to thaesiredscore.

6-turn game, target = 21, desired score perturn 3.5. Qpps2 dz Ol y Qi NP f ¢
the desired score per turn 3 orahd desired scores along the wagrhaps like this:

Turn 1: 3 or 4, turn 2: 7, tur®: 10 or 11, turn 4: 14urn 5: 17 or 18andturn 6: 21

ilN@nted it)thatilllistrateSthe unlikely dice rolls blithely

shown aboveDesired roll per turn = 3.5 (notgssible). Desired turn scores:

f Turnl:3or4, turn 2: 7, turn 3: 10 or 11, turn®, turn 5: 17 or 18, turn 6: 21

Table 10. Hit the Targe6 Turns, Target = 21
Blatantly contrived todemonstrateturn scores 3, 7, 11, 14,7, and 21
Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 3 and4 3 0+3=3 3 3or 4is OK for turn 1We picked 3.
2 4 and3 4 3+4=7 7 On target
3 4and6 | 4 7+4=11 11 | Ontarget
4 land3 | 3 11+3=14| 14 | Ontarget
5 5and3 | 3 14+3=17| 17 | Ontarget
6 3and 4 4 17+4=21| 21 | We hitthe target [sure, we contrived it]
Hit the TargetGame:Target =21. Anal score=21. Distance from target 8

We contrivedthe Hit the Target Gamshown in Table 1t order toshowdesiredend-of-turn scores 3,

7,11, 14, 17, and 21. You can contrive a different game that reaches 21 in turn tudemts can
contrivemany differentgames that hit the target (21) in 6 turns.

These contrived game are not likely to happen in-igalgare play!

12

0Pp ®

2

f
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Weroll dice and play ®urn Hit the Target games with target =.Z)esired enaf-turn scores that
probably will not happen:

Turn1:3or4
Turn 2.7

Turn 3: 10 or 11
Turn 4: 14

Turn 5: 17 or 18
Turn 6: 21

= =4 =4 =4 -4 A

Tablell. Hit the Target6 Turns, Target 21
Turn| Roll 2D6| Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.

1 | 5and5| 5 0+5=5 5 (2 SQR Naveilros4mat te dice sap
2 land6 1 5+1=6 6 Low

3 land5| 5 6+5=11 11 | AOK forturn 3

4 land 5 5 11+5=16| 16 |Atadlow

5 5and2 | 2 16 +2=18| 18 | OK Wanted: 3inturn 6.

6 6and4 | 4 18+4=22| 22 | Missed the target by a distance of 1.

Hit the TargetGame:Target 221. Final score = 22 (high by 1)

[ $GQa LI & | 3124 Rallthedicé dzNyyas GF NBSG T

Table 12. Hit the Targeb Turns, Target = 21

Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 6 and 1 1 0+1=1 1 | Tough pick! We picked 1.
2 4and6 | 6 1+6=7 7 Lucky roll!
3 6and3 | 3 7+3=10 10 | Atad low.
4 land3 | 3 10+3=13| 13 | What say? A dollop low?
5 2and2 | 2 13+2=15| 15 | We are in big trouble!
6 2and3 | 3 15+3=18| 18 | Alas, such is life with dice. Low by 3.

Hit the TargetGame:Target = 21. Final scorel8(low by 3

We have played many Hit the Target games. Sometimes we hit the target, sometimes we miss by 1
(target + 1 or target 1), sometimes we miss by 2 (target + 2 or targ@), et cetera, et ceterdmagine
playing 100 games or 1000 games and ma&ifrgquency distribution showing the number of games
that hit the target, the number of games that missed the target lfy Il or- 1), the number of games
that missed the target by @-2 or- 2), et cetera, et cetera. Hey! You and bunch of researchers c&n do
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Roll, Pick, and Addissthe Target Game TOC

While pIaylng many Hit the Target games and frequently mlssmg the target, slowly an |dea for a game

g KI Aa

GKS 21LL)2arA0S8 27

I A0 0 KiMis¢ theNTRAr§ef. G 2 2 |

Miss the Target Choose a target number and tryrassit as far as you caWVe suggesttarget =12 or

16 for a 4turn game target = B or 20 for a §urn game In a multiplayer game, the playé@rthest from
the targetis thewinner. Ties are possible. Example: Intarh game with two players, the target is 12.

At the end of the game, one player hagdistance3 from the targe) and the other player hassl

(distance JFrom the targed® L (1 Q&

I

ASo

[ S{ Qaeplwik Wilkude the same dice rolls that we used in Try for High, Go foranolijt the
Target gameso that we can compare sttagies for differentfgames using the same dice rollge will

play two games, one by trying to go way below the target, andlnying to go far above the target

Table13. Missthe Target Game 01: 5 Turns, Target = Rliss by Going Low
Remember: Hit the Target otarget scores are 4, 8, 12, 16, and 20.
Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Séte score to zero.

1 3and4 | 3 0+3=3 3 BelowHTTon-target byl. All systems go.
2 land6 | 6 3+1=4 4 Looking good. BelowWTTon-target by 4.
3 3and5| 3 4+3=7 7 Good newsBelowHTTon-target by 5.
4 2and2 | 2 7+2=9 9 | AOK. B&wHTT orarget by 7.
5 land4 | 4 9+1=10 10 | Yeah! Missed the target 0.

Missthe Target Game 01 Target = 20. Final scor@. Bistance from target £0

Table 4. Miss the Target Game205 Turns, Target = 2Miss by GoindHigh.

Remember: Hit theTarget ontarget scores are 4, 8, 12, 16, and 20.
Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.

1 3and4 | 4 0+4=4 4 On HTT target. No joy.
2 land6 | 6 4+6=10 10 | Better. AboveHTTon-target by 2.
3 3and 5 5 10+5=15 15 | AboveHTT orarget by 3.
4 2and2 | 2 15+ 2 =17 17 | Disaster! Abov#iTT orarget by a measly 1.
5 land4 | 4 17+4=21 21 | Sigh. Missed the target mnly 1.

Miss the Target Game2(rarget = 20. Final score2%. Distance frontarget = 1

In the above Burn games with target = 20 (Tables 13 and 14), trying tavay belowthe target worked

better than trying to gdar abovethe target.If the target in a §urn Miss the Target game is 1§ it
better to try to go way belowl5, or is it better to try to go far abovE5?Ponder before moving on.

14
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[ SGQa LXle aiaa GKS ¢IFNBSGO F3IFLAYy A0GK |
5-turn, target = 20 game(Tables 13 and4l
Table B. Miss the Target @me B: 5 Turns, Target £5. Miss by Going Low
Remember: Hit the Target otarget scores are3, 6, 9, 12, and15.
Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 3and 4 3 0+3=3 3 Alas,HTTon-target. Wewould rather be low.
2 land6 | 1 3+1=4 4 | ¢ KI { Q& bao® HTUd-Mdget by 2.
3 3and5 | 3 4+3=7 7 Still kelow HT Ton-target by?2.
4 2and2 | 2 7+2=9 9 Good one BelowHT Ttarget by3.
5 land4 | 4 9+1=10 10 | Yeah! Missed the target Ly
Miss the Target Game3rarget =15. Final score = 10. Distance from targé&t =
Table B. Miss the Target Gamed05 Turns, Target 5. Miss by GoindHigh.
Remember: Hit the Target otarget scores are, 6, 9, 12, and15.
Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 3and4 | 4 0+4=4 4 | AboveHTTon-target by 1.
2 land6 | 6 4+6=10 10 | Huzzah! AbovéiTTon-target by 4.
3 3and5| 5 10+5=15 15 | Thank you, dice. AboudT Ttarget by 6.
4 2and2 | 2 15+2 =17 17 | Grrr! Well, OK. StillmveHT Ttarget byb.
5 land4 | 4 17+4=21 21 | Not too shabby missedthe target(15)by 6.
Miss the Target GamedQrarget = 15Final score 21. Distancdrom target = 6

In the 5turn games with target 45 (Tables b and 16), trying to go far above the target worketightly
better than trying b go way below the target. Can yatudentsfigure out why?And, tra la, tra la, they

might be able tanswer these questions.

QO01.Miss the Targets turns, target = Q. Which is the btter strategy, trying to g@bovethe target or

trying to gobelow the target?

QO02. Miss tke Target 5 turns, target =2 Which is the btter strategy, trying to g@bovethe target or

trying to gobelow the target?

QO03. Miss the Targett turns, target = 12. Which is thether strategy, trying to g@bovethe target or

trying to gobelow the target?

QO04. Miss the Targe6 turns, target = 24. Which is thether strategy, trying to gabovethe target or

trying to gobelow the target?
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Playing Roll, Pick, and Add bubbles up ntarmestions for us andwve hopeyou and your playerst we
had a Star Trek transporter, we could beam into your classroom (only withpgoonission, of course)
watchyour studentgplayRoll, Pick, and Add (if you kindly schedule timdliergame), and take copious
notes Wewouldlearn so much by watching your students plEyfOUdo this in your classroom, you
will know much more thaBob & Georg&now about Roll, Pick, and Add a tml/toy for learning and
teaching math

QO1. Try for HighCan 1sggrade students roll 2D6, pick the greater die (or either die if they roll a
double), and add it to their score? Might it help themto bssemn Odzo Sa | yR NRR& Fa |

Q02. Go for bw. Can 1sgrade students roll 2D6, pick the lesser die (or either die if they roll a double),
and add it to their score? Might it help themtouse bd€ectd Sa | YR NRI&E? a | WOI f

QQ3. Hit the Target Can 1sigrade students figure out the desirdtit the Targescore per turnAnd the
desired score at the end of each turn? Can they use-th@dalocks to discover this as we have
suggestedvay up yonder? If yes, they aresing basel0 cubes to modelmultiplication and division
within the context of playing a gam¥eah!

QO4. Hit the Target At what grade level might studentsethe operation ofdivision as a handy todbr
calculatngthe desired score per tufh[Targetnumber divided bynumber of turns]

Q05. Hit the Target Can 1sigrade studentsnvent a strategypy first calculating the desired score at the
end of each turn, and then adjusting their strategy after each 2D6 diceVikdiope sa; inventing and
modifying game strategs are higHevel mathskills!And kids love games.

QO06. Miss the TargetCan 1sigrade students invent strategies for playing Miss the Target games? For
example, just before playing a Miss the Target game witirns and target %, can they figure out

whether it is better to go high or better to go low? ExamplBs$ turns, target 24. Go high or go low?

2) 5 turns, target = 12. Go high or go low? 3) 4 turns, target = 20. Go high or go low? 4) 6 turns, target =
30. Go high or gtow?

We leave the rest of this page blarkscribbleyour ideas
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D6Probabilitesand Statistick TOC

Roll, Pick, and AddRPAames are easy to learn arehsy toplay, grade 1, grade 2, up, up, anavay!
Sererdipity! RPAgamesalsopresent opportunities for matlalakazamsespeciallyprobability and
statistics. In this sectigrwe will suggestnath activitiesfor teachers and students who enjoy rolling dice,
playing games;alculating probabilities, collectirdpta, calculting statisticset cetera, et ceteraWe

begin with 1D6 probabilities and statistics.

Roll 1D6 (one-6aced die). There are 6 possilnietcomes 1, 2, 3, 4, 5, anél. @
Outcome (probabilityhttp://en.wikipedia.org/wiki/Outcome_(probability) oo

1D6
If the possibleoutcomes of a 1D6 roll arequally probable(have the same probability of occurrence),
then the die is dair die. The probability ofoccurrence okach outcome (1, 2, 3, 4, 5, ori§)1/6.In this
eBook, 1D6 islaays afair die.

Tablel17. 1D60utcomes andrheir Probabilities
Outcome Prc;l)a(zl;ility P;Z?:?rgglty P;%?;gli.ty P;%?O?gli.ty GameMaster comments
1 1/6 0.1666 0.167 16.7% 0.167 and 16.7% are
2 1/6 0.1666 0.167 16.7% | 3-digit approximations
3 1/6 0.1666 0.167 16.7%
4 1/6 0.1666 0.167 16.7%
5 1/6 0.1666 0.167 16.7%
6 1/6 0.1666 0.167 16.7%
Sum 1 0.999¢! 1.0022 100.20% | See noted, 2, and 3
1 0.1666 and 0.999%are repeating decimals equal to 14hd 1, respectively
2 Not exactly 1 because tie roundoff error in 0.167.
3 Not exactly 100% becausetbk roundoff error in 16.7%.

Roll 1D6 twicg1st roll, 2nd roll)

The probability that both outcomes are 1 (1st roll,2nd roll = )is (1/6) (1/6) = 1/36.
The probability that both outcomes are 2st roll = 2, 2nd roll = 23 (1/6)(1/6) = 1/36.
The probability that both outcomes are Bst roll = 3, 2nd roll = 3§ (1/6)(1/6) = 1/36.
QO01: What is the probability that both outcomesea4 (Lst roll = 4, 2nd roll = 2)
Q02: What is the probability that both outcomes are Es{ roll = 5, 2nd roll = B)
Q03: What is the probability that both outcomes aéd1st roll = 6, 2nd roll =)8

Answers  QOL: (1/6) (1/6) =1/36  Q02: (1/6) (1/6) =1/36  Q03: (1/6) (1/6) =1/36
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We rolleda 1D6casino diel00 times andecordedthe outcomesdown
yonder. Casino dice agesigned to be fair dicesame probability of
occurrence (1/6) for each possible outcome (1, 2, 3, 4, 5, or 6). Find
casino dice at Amazon.

1 Amazonhttps://www.amazon.com/gp/gw/ajax/s.html

Go to Amazon and search foasiro dice You will find casino dice in
several colors. We hav&ve green ones and will soon buy castfice in
other colors. Fodice experimers, welike to usecasino dice. Casino dice from Amazon

We rolled one of our 1D6 casino dice 100 times anote the outcomedere:

42346 56322 41516 24636
25251 55513 63254 33626
62241 63363 31224 41143
21532 22453 32364 35435
21636 16153 45526 11623

How many 1s did we roll? How many 2s? How manyH8s? many 4s? How many 5s? How many 6s?
We counted thefrequency(number of occurrences) of each outcome and mtdeprimitive histogram
shown belowHistogramhttps://en.wikipedia.org/wiki/Histogram

1o XXXXXXXXX  XXXXX 14
20X XXXXXXXXXXXXXXXX XXX 20
30X XXXXXXXXXKKXXXXKXXKX 21
47 XXXX XXXXXXXXX 13
51 XXXXXXXXXXXXXXX 15
B XUXXXXXXXXXXXXXXXX 17
Total number of rolls: 100

We thinkthat rolling dice anglayingdicegames is a great way to generate
and collect data to use in learning and teaching statistics. Studentsaliitbe
dice,play the gameandcollect the dateown that data They can calculate
P P P | statisticsusingtheir data. Roll dice, @y game, hve fun, collect data, calculat P P P
statistics.What is the rang®f the 1001D6outcomesAVhat is the mode?
What is themean? What is the median? What ietlst quartile? What is the
3rd quartile?Hey! What say: standard deviation.
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Table 18 is &equency distribution(https://en.wikipedia.org/wiki/Frequency_distributigrof the
outcomes of the 100 1D6 rollg yonder Table 18&hows thesixoutcomes(1, 2, 3, 4, 5, and 6), the
frequency (number of occurrencesf each outcome, and thexperimental probability of the outcome
(also known asmpirical probability) shown as a fractig a decimal, anda percent.

1 Empirical probabilithttps://en.wikipedia.org/wiki/Empirical probability

¢FrofS Myd® CNBljdSyOeé 5AaldNRodziAzy 27
Outcome | Frequency Experimentalprobability (empirical probability)
fraction decimal percent
1 14 14/100 0.14 14%
2 20 20/100 0.20 20%
3 21 21/100 0.21 21%
4 13 13/100 0.13 13%
5 15 15/100 0.15 15%
6 17 17/100 0.17 17%
Totals 100 100/100 1.00 100%

The least possible outconig 1and the greatest possible outcome is 6. Whahis meanoutcome? It
must besomewhere between 1 and ©ne way to calculate:iadd the 100 outcomeanddividethe
sumby 100. Groan that way makes us want to take a n@mother way: Use the data in the frequency
distribution (Table 18)Multiply each outcome by its frequeneynd add the productsThen divide that
sum by the total number of rolls, 100 in this cageah!

1 Sum of 100 outcomesEx 14 +2x20+3x21 %43 +5x15+6x 17 =346
1 Mean outcome = sum of 100 outcomes / 100 = 3.46

Oopg @&2dz Ol viha5 d\@ f ¢ Kddlid@aan bf X set of numbers can be any real number
between the least number and the greatest number, inclusive.

1 Arithmetic mean https://en.wikipedia.org/wiki/Arithmetic_mean

Ahoy TeacheMVe hopethat your studentsfind the range mode, median, 1st
quartile, 3rd quartile, and other statistical measures ofir sampleof 100 1D6
outcomes.And please make sure they know the difference between

1 mean outcome of a sample of 1D6 rolls

P PP I meanpossibleoutcome ofa 1D6roll: (1 +2+3+4 +5 + 6)/6 = 3.5

PPP

It will be loverly if your studentsooperatively collecsamplesof 1D6 rolls and
calculate the mean of each sample. We are probably sure that the means
their samples might vary a bit from the mean of the possible outcomes, 3.
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Rolling 1D6 100 timesnd recording the outcomeis atad tiring, and a bitboring Courting the
frequencies of theutcomeselicitserrors¢ sometimesBobcountsfrequencieghree times and get
three different answersHekeeps counting untilhe getsthe same answer three times in a row.

While we contemplatd the tedious task ofolling 1D6100 timesagain, ar T84 Calculator leaped out

of its container (a belt packilanced on our keyboart, Yy R & A 3yl f SRX

a'asS YvYsS

counting the frequency of each outcome, adding the outcomes, and ctitmuthe mean of the

2dz0 02YSaod¢

Wow! Good ideaTt84.We did it. We wrotel'k84 programCOUNT1B It simulatesrolling 1D6N times,
countsthe frequencies ofhe outcomes, addthe outcomes, calculasthe mean outcome, andisplays
the frequency distribtion, the sum of the outcomes, and the mean outcorAehandy program!

1 Read aboufF84 Program COUNT1D6Appendix 2. T84 Program COUNT1D6.

Table 1%happly displaysthe results of threguns ofprogramCOUNT1D6.

Table 19. Results Gleaned froBRuns ofl -84 Program COUNT1D6

Program COUNT1DE~= 100 Program COUNT1DE= 600 | Program COUNT1DE= 1000
Outcome Frequency Outcome Frequency Outcome Frequency

1 14 1 88 1 162

2 25 2 113 2 155

3 18 3 97 3 189

4 13 4 103 4 158

5 13 5 100 5 179

6 17 6 99 6 157
Sum = 337, Mean = 3.37 Sum = 2111, Mean = 3.52 Sum = 3508, Mean = 3.51

a2

The mean outcomes of the three runs, rounded to two decimal places, are 3.37, 3.52, and 3.51. These
values are close to thexpected valueof the probability event: rolling 1D@he expected value of a 1D6

roll is amathemagical alakazam

1 Expected valuéttps://en.wikipedia.org/wiki/Expected value

Roll 1Dénany times The expeatd value is the sum of the possible outcomeach multiplied by its
probability of occurrencd. dzK K [ SGQa R2sAd Ay (g2 Srae adsSu

1. Multiply each possible outcome by its probability: 1(1/6), 2(1/6), 3(46)/6), 5(1/6), 6(1/6)
2. Add theproducts 1(1/6)+ 2(1/6) + 3(1/6) + 4(1/6% 5(1/6) + 6(1/6) = 21/6 = 3.5

Ahoy TeachefThe expected value of a probabilgégyentis the sum ofthe

will sometimes us&Vas a variable for expected value.

P P P | possible outcometimes theprobability of occurrencef each outcomg We | P P P
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If youroll 1D6 a zillion times, add the zillion outcomes, aattulate the meawutcome(divide the sum
of the zillionoutcomes by 1 zillionyou mightexpect themean roll to be close to 3.5. It is OK to thirik o
the expected value as the meantcomeof manylD6roles

What is the mean of the possible outcomes of rolling 1D6?

1 Roll 1D6: Mean possible outcomgE=+2+3+4+5+6)/6=3.5
Zowie!The mean of the possible outcomes of rolling 1D6 istBéssame as the expesd value(EV).
You are not surprisedare you?l'he reasonthe outcomes (1, 2, 3, 4, 5, anda8§ equally probable

Alakazamlf the outcomes of a probability event are equally probable, then the expected vadupiad
to the meanof the possible outcomes.

A D4 is a tetrahedron with four facdossible outcomes are 1, 2, 3, and 4. Roll 1D4
The outcomeisthe number that is rightside up. The outcome of the D4 over yonder
your right is 3. The outcomed a weltdesigned D4fair D4 areequally probable. The
probability of occurrencef each outcomeés 1/4.

Roll 1D4: The mean of the possible outcomesis (1 +2+3+4)/4=10/4=25
Roll 1 D4: The expected val(i&\j is 1(1/4) + 2(1/4) + 3(4) + 4(1/4) =10/4=2.5

Roll1D4 a zillion times, add the outcomes, and divide by 1 zillion. Betchad¢ha outcomes close to
2.5.

A DD digit die) is a die with 10 faces numbered 0 through 9. Possible outcomes a éak
1,2,3,4,5,6,7,8,and 9. Roll 1DD: The outcome iwutimder on top. The outcomes YA
of a weltdesigned DD (fair[D) areequally probable. The probabilityof occurrence of Vp'
each outcomes 1/10.

DD

Roll 1m:
1 Mean of the possible outcomes(@+1+2+3+45+6+7+84010=4510=4.5
1 Expectedvalue EV=0(1/10) + 1(1/10) + 2(1/10) + 3(1/10) + . . . + 8(1/10) + 9(1/486)16 = 4.5

Toput the aboveexpected value calculation on one lineg wsed arellipsis(. . .) to indicate missing
terms. We then used MathType (http://www.dessci.com/en/products/mathtype), our favorite
equation editor, to write the expected valueej formula another way, all on one line.

1. 1 .1 1.1 w1 1 .45
1 EV=Oé— I+—02 + B— +4—é 5+— 06 —+ TO— o- +.
10 10 10 10 10

) g4
10 10 10 10 10 10

The mean of the possible outcomes and the expected value are botRdlISLID a zillion times, add
the outcomes, and divide by 1 zillion. Betcha thean outcomes close ta1.5.
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Roll, Pick, and A@D6DiceProbabilities and StatisticSiOC

To play Roll, Pick, and AG@RIPA)ry for Highroll 2D6,pick the greater of the two digeand add it to
your score To play Roll, Pick, and Add (RPA) Ghduf roll 2D§ pick the lesser of the two dicena
add it to your sore.If the dce are equal, pick either one. We begin with Try for High probabilities.

1 RPA Try for High outcome: Roll 2D6 and pick the greater of the twoMi.is the expected
value? Roll 2Da zillion times, pick the greater die each tiraedaddthe die you pickedo your
score. When the game is done (1 zillion roti&jide by 1 zillion to get the mean outcome.

Table 20 shows the 36 pos&firy for Hidp outcomesroll 2D6 and pickhe greater(or equal)die.

Table20. Try for High Roll 2D6and pick the greater (or equal) die possible outcomes
5AS m™m@k 1 2 3 4 5 6
1 1 2 3 4 5 6
2 2 2 3 4 5 6
3 3 3 3 4 5 6
4 4 4 4 4 5 6
5 5 5 5 5 5 6
6 6 6 6 6 6 6

Table 21is ahistogram (https://en.wikipedia.org/wiki/Histogram of the Try for Higrdata in Table 20
(possible outcomeandtheir frequenciesof occurrencg Each x is one occurrend&/el love it if your
players make a more elegant histogram, perhaps witlorful vertical bas and appropriate adornment.

Table 21. Histogram: RPA Try for Higbssibleoutcomesand frequencies

1:x 1 The frequency(number of occurrences)f the

2 00X 3 outcomes increases fromop to bottom from
outcome = 1 to outcome 96

3: X XXXX 5

4 XXXX XXX 7 The possible outcomes (1, 2, 3, 4aBd6) are

5 0000KKX 9 not equally probable

B XOXXXXXXXXXX 11 What is the mean outcon®What isthe
Total number of outcomes . 36 expected value?

Stop.Think.Ponder. There are 36 outcomeas the two dice Pick the greater (or equal) dipossible
outcomes ae 1, 2, 3, 4, 5, and @here is one way to get 1, three ways to get 2, five ways to get 3, seven
ways to get 4, nine ways to get 5, and 11 ways to g&t#63 +5+ 7 + 9 + 11 = 36.

The possible outcomes are not equally proleab
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To calculate thenean outcome add the 36 outomes in Table 20 and divide the sum by 36. Gipen
order to show this cumbersome calculation, we will first add the 36 outcomes, and then divide the sum
of the outcomes by 36. [We think we hear you snickering that you know a better way.]

UM =1+22+2+3+3+3+3+3+4+4+4+4+4+4+4+5+5+5+5+5+5+5+5+5+6+6+6+6+6+6+ @8 AGA6+
17
Mean =2um/36 = 161/36 =4£ [Decimal approximation: 4.472]

Roll 1D6The mean outcome, as shown up yonder a few pages = 3.5.
Roll 2D6 and pick the greatéar equal) die Mean outcome = 4.472.

Sure, rolling 2D6 and picking the greater die produces a greater mean outcome than rollinégpiD6.
and your students are not surprised!

Table 2 is afrequency distrbution (https://en.wikipedia.org/wiki/Frequency_distributiorof the
possible outcomeshown in Table 20rable 2isplays the possibleoutcomes the frequency (number
of occurrences) of each ouime, and the probabili of occurrence otach outcomeas a fraction
(exact) a decimal rounded to four decimal places, and a percent rounded to two decimal places.

Table22. Frequency DistributionRoll 2D6 and pick the greatéor equal)die
Outcome | Frequency Probability of occurrence
Fraction (exact) Decimal(approx.) Percent(approx.)
1 1 1/36 0.0278 2.78%%
2 3 3/36 0.0833 8.3
3 5 5/36 0.1389 13.8%%
4 7 7/36 0.1944 19.4%%
5 9 9/36 0.2500 25.000%
6 11 11/36 0.3056 30.56%
Totals 36 36/36 =1 1.0000 100.00%%

AbracadabraUse the data in the frequendalistribution (Table 22) to calculate treeanoutcome
Multiply each outcome by its frequency, addbgeproductsto get the sum and dividehe sumby 36

Um = 1(1) + 2 (3) + 3(5) + M75(9)¢ 6(11) = 161

17 . . .
Mean =2um/36 = 161/36 =4£ [Decimal approximation: 4.472]

Hey! We can put the whole shebang on one line:

Mean = [1(1) + 2 (3) + 3(5) # 3¢ 5(9) + 6(11) = 161]/ 3&%—; [Decimal approximatin: 4.472]
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Table 3 shows the 36 possible Try for High outcomes and the probability of occurrence of each
outcomeasan ordered pairoutcome probability. Example: 3, 1/36.

Table23. Try for High Roll 2D6 and pick the greater digoutcomesand probabilities
5AS mMQ@- K 1 2 3 4 5 6
1, 1/36 2, 1/36 3, 1/36 4,1/36 5, 1/36 6, 1/36
2, 1/36 2, 1/36 3, 1/36 4,1/36 5, 1/36 6, 1/36
3, 1/36 3, 1/36 3, 1/36 4,1/36 5, 1/36 6, 1/36
4,1/36 4, 1/36 4, 1/36 4,1/36 5, 1/36 6, 1/36
5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6, 1/36 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6, 1/36

OO |~ W|IN|F

Roll 2D6 and pick the greater (or equal) die. The expected wahieh we calEV, is the sum of the
products of the outcomes and their probabilities.

1 Expected valuéttps://en.wikipedia.org/wiki/Expected_value

Grumble, grumble; there are 36 outcomesnd 36 probabilitiesin Table 23The algebraic alakazam to
calculate the expected valy&\) will have 36 terms. Each term is an outcome times its probability of
occurrence Sigh wedl do it, all 36 termsWe will start in the upper left corner of Table 23 (1, 1/36) and
work our way laboriously to the right and down.

T EV= 1(1/36) + 2(1/36) +(2/36) + 2(1/36) + 3(1/36) + 3(1/36) + 3(1/36) + 3(1/36) + 3(1/36) +
4(1/36) + 4(1/36) + 4(1/36) + 4(1/36) + 4(1/36) + 4(1/36) + 4(1/36) + 5(1/36) + 5(1/36) + 5(1/36)
+ 5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 6(1/36) + 6(1/36) + 6¢1/36)
6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6(1¥3B)L/36) 161/36.

The factor 1/36 occurs in each and every one of the 36 terms, so wiacan it out (algebra; yeah!)
andrewrite the EVformula like this:

T EV= [1+2+2+2+3+3+3+3+3+4+4+4+4+4+4+4+5+5+FE5-55.5+5+6+6+6-+6+6+6+6+6+6-16186)
= 161/36.

Roll 2D6, pick the greater die, and ignore the other die.

1 Expected valueEV=161/36 = 4 17/3gdecimal approximation = 4.£7
161 17 . . .
1 Expected valuea la MathTypeEV = % =4§3 [decimal approximation = 4.£7

Roll 2D6 and pick the greater die. Mgawssibleoutcome = 4 1736 [decimal approximation = 4.2y

Roll 2D6 and pick the greater die. Expected vl £ 4 1786 [decimal approximation = 4.2}
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There must be a better way. Ponder, pondeaha! WetK A y'{ ¢ S QM8 ®ill ad®tlie tekms for
eachpossibleoutcomeon one lineand then add thossums to get a grand total

Table 24 Roll 2D6 and pick the greater diesums of outcomes times theiprobabilities
Sum ofeachoutcome timesits probability of occurrence Sum
1(/36) 1/36
2(1/36) + 2(1/36) + 2(1/36) 6/36
3(1/36) + 3(1/36) + 3(1/36) + 3(1/36) + 3(1/36) 15/36
4(1/36) + 4(1/36) + 4(1/36) + 4(1/36) + 4(1/36) + 4(1/86)(1/36) 28/36
5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + H(1/36 45/36
6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6(1/36) + 6¢L6E)36) + 6(1/36) 66/36
Grand total of sums ajutcomes multiplied by their probabilitiesthe whole shebang 161/36

17
Yep,EV=161/36 :45. [Decimal approximation = 4.4y2

There is an eveooolerway to calculate thexpected value. Use the frequency distribution in Table 22
dzLJ @ 2 Y RS N ro@ ¢heréaredh® heBekshry riznbefiom Table 22.

Outcome | Frequency Probability of
occurrence
1 1 1/36
2 3 3/36
3 5 5/36
4 7 7/36
5 9 9/36
6 11 11/36
Totals 36 36/36 =1

AlakazarmMultiply each outcome by itgrobability of occurrence, and then add those products to get
the expected valueR)).

1 EV=Sum of(possible outcomgprobability of occurrence

17
EV=1(1/36) + 2(3/36) + 3(5/36) + 4(7/365(9/36) + 6(1136) = 161/36 4 __. [decimal: 4.47]

Ahoy TeachemRoll 2D6 angick the greater (or equadlie. The neanpossible
P P p | outcomeand theexpected valueare oth equal to = 161/36 = 4 17/36. PPP

Decimal approximation = 4.27
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Here is a handgummaryof possible outcomg meanpossibleoutcomes, and expected values of

A X 4 A X

various dicaollswe have used or mentionech the followinglist, EVY S ya WSELISOG SR

Roll 1D4tetrahedron with four faces numbered 1 to:4)

Possibleoutcomes: 1, 2, 3, and 4

Number of possible outcomes: 4

Outcomes are equally probabl®utcomeprobability of occurrence = 1/4.
Meanpossibleoutcome = (1 + 2 + 3 + 4)/4 = 13{2.5

EV=1(1/4) + 2(1/4) + 3(1/4) + 4(1/4) = 1G#R.5

=A =4 =4 =4 =4

Roll 1Dghexahedroncube) with six faces numbered 1 th 6

Possible outcomes: 1, 2, 3, 4, 5, and 6.

Number of possible outcomes: 6

Outcomes are equally probable. Outcome probability of occurrence = 1/6.
Meanpossibleoutcome=(1+2+3+4+5+6)/6 =21/6 =3.5

EV= 1@/6) + 2(1/6) + 3(1/6) + 4(1/6) + 5(1/6) + 6(1/6)= 21/6 = 3.5

= =4 =4 =4 =4

Roll 1D8 (octagon witkeight facesiumbered 1 to &
9 Possible outcomes: 1, 2, 3, 4, 5, 6afd8
9 Number of possible outcomes: 8
9 Outcome probability of occurrence = 1/8
1 Meanpossibleoutcome=(1+2+3+#45+6+7 +)8 =36/8=4.5
1 EV=1(1/8) + 2(1/8) + 3(1/8) + 4(1/8) + 5(1/8) + 6(1/8) +7(1/8) + 8(1/8) = 36/8 = 4.
Roll 1DD (digit die with 10 faces humbered 0 to 9)
Possible outcomes: 0, 1, 2, 3, 4, 5, 6, A9
Number of posible outcomes: 10
Outcome probability of occurrence = 1/10
Meanpossibleoutcome =Q+1+2+3+4+5+ 6+ 7+ §/10=45/10=4.5

= =4 =4 -4 A

1 1.1 1 1 1. 1 1 1 1. 45
EV=06&8 1#—023% ®=-+40 5—-06—3F D +8-0 9 O— +4.
10 10 10 10 10 10 10 10 10 10 10

Roll 2D6 angick the greatefor equal)die:

1 Possible outcomes: 1, 2, 3,4,5,6

9 Outcome probaility of occurrence:
Outcome = 1: Probability of occurrence = 1/3§There is one way to get 1.]
Outcome = 2: Probability of occurrence = 3/3qThere are three ways to get 2.]
Outcome = 3: Probability of occurrence = 5/3qTher are five ways to get 3.]
Outcome = 4: Probability of occurrence = 7/3gThere are seven ways to get 4.]
Outcome = 5: Probability of occurrence = 9/3qThere are nine ways to get 5.]
Outcome = 6: Probability of occurrence = 11/3@ here are 1 ways to get 6.]

1 Meanpossibleoutcome 1(1) + Z3) + 3(5) + 4(7) + 5(9) + 6(BH= 161]/ 36 :4%5

3 5 9 11, 161
1 EV=1 e— 2—0 3 —+ @— +560 6—0—+ 49— [decimal approximation: 4.472]

36 36 36 36 36 36 36

26
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Roll, Pick, and Add Go for Low probabilities and statistics.

RPA Gdor Low: Roll 2D6 and pick the lesqer equal) dieWhat is the meampossibleoutcome?What

is the expected value? Roll 2D6 a zillion times, pick the lesser die each time, and add the die you picked
to your score. When the game is done (1 zillion rotls)ideyour scoreby 1 zillion to get the mean
experimentaloutcome, themeanoutcome for thissampleof 1 zillionrolls.

Table 25 shows the63possible Go for Low outcomesil 2D6 and pick the lesser (or equal).die

Table25. Go for Low.Roll 2D6 ad pick the lesser (or equal) diepossible outcomes
5AS m™m@« 1 3 4 5 6

ola|lh|lw|N]|R
RPlRr|Rr|R|R|R
N[NNI RN
Wlwlwlw|N| Rk
AlD|[D|lW|N|R
gla|d|lw|N|R
olau|h|lw|N]|R

Table 26s ahistogram (https://en.wikipedia.org/wiki/Histogran of the Go for Lowdata in Table 2
(possible outcomes and their frequenciglsoccurrencé @ 9+ OK E A& 2yS 200dzNNBy O
players make a more eleganstogram, perhaps with colorfwertical bars and appropriate adornment

Table &. Histogram:Go for Lowpossible outcomesnd frequencies

Lix xaooxxxxxxx 11 The frequencynumber of occurrencesjf the
outcomesdecreases from top to bottomfiom
outcome = 1 to outcome 96

27 XXX XXXXXX 9
31X XXXX XX 7

4 XXXX X 5 The possible outcomes (1, 2, 3, 4abd6) are
not equally probable

5: xxx 3
6: x 1 What is the meampossibleoutcome? What is the
Total number o foutcomes : 36 expected value?

Stop.Think.Ponder. Roll 2D6, pick the less@ar equal)die, and ignore the other dif.here are 36
possibleoutcomes:11 ways to get 1, nine ways to get 2, seven ways to get 3, five ways to get 4, three
ways to get 5andone way to get 6. &ssible outcomesl, 2, 3, 4, 5, and @.hepossible outcomes are

not equally probable.
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Calculate themeanpossibleoutcome. One wayadd the 36 outcomes in Tabl® and divide the sum by
36.Sighg in order to show this cumbersonwalculation, we will first add the 36 outcomes, and then
divide the sum of th&6 outcomes by 36Perhaps you know a better way.]

UM = 14+H1+1+H1+1+H1HH1+H 1+ 1424242424242+ 2424 2+3+3+3+3+3+3+3+4+4+H4+4+4+5+5+5+6 =91
19 . o
Mean =Sum/36 = 4/36 = 25‘) [Decimal approximatior2.528|

Roll 1D6. Man outcome, as shown up yondefew pages 3.5.
Roll 2D6 and pick the greater (or equdiB: Mean outcomegeeup yonder) 2.472
Roll 2D6 and pick thesser(or equal) die Mean outcome 2.528.

Interesting we think (4472 +2.528) / 2 =3.5. What do you think about this?

Table 27s afrequency distribution(https://en.wikipedia.org/wiki/Frequency_diribution) of the
possible outcomes shown in Tablge Zable Z displays the possible outcomes, the frequency (number
of occurrences) of each outcome, and the probability of occurrence of each outcome as a fraction
(exact), a decimal rounded to four decimal places, and a percent rounded to two decimal places.

Table27. Frequency DistributionRoll 2D6 and pick thkesser(or equal) die
Outcome | Frequency Probability of occurrence
Fraction(exact) Decimal(approx.) Percent(approx.)
1 11 11/36 0.3056 30.56%
2 9 9/36 0.2500 25.00%0
3 7 7/36 0.1944 19.4%%
4 5 5/36 0.1389 13.8%%
5 3 3/36 0.0833 8.33%
6 1 1/36 0.0278 2.78%
Totals 36 36/36 =1 1.0000 100.00%

Use the data in thérequency distribution (Table 270 calculate the mean outcome. Multiply each
outcome by its frequency, add tBe products to get the sum, and divide the sum by 36.

Um = 1(1) + 2 (9) + 3(7) + 4(5) + 5(3) H6(@1

Mean =2um/36 = 4/36 = 21—9 [Decimal approximatior2.528]
36

Hey! We can put the whole shebang on one line:

Mean =[1(1) + 2 (9) + 3(7) + 4(5) Bpt 6(1) =9]/ 36 :Zz—z [Decimal approximatior2.523].

19
Roll 2D6 and pick thesser(or equal)die. The mean outcome &— [Decimal approximatior2.528].
36
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Table 28 shows the 36 possible f8oLow outcomes and the probability of occurrence of each outcome
as an ordered paioutcome probability. Example: 3, 1/36.

Table28. Roll 2D6 and pick the lesser digpossible outcomes and their probabilities
5AS mMQ@- K 1 2 3 4 5 6
1, 1/36 1,1/36 1,1/36 1, 1/36 1,1/36 1,1/36
1, 1/36 2,1/36 2,1/36 2,1/36 2,1/36 2,1/36
1, 1/36 2,1/36 3,1/36 3,1/36 3,1/36 3,1/36
1, 1/36 2,1/36 3,1/36 4, 1/36 4, 1/36 4,1/36
1, 1/36 2,1/36 3,1/36 4, 1/36 5, 1/36 5, 1/36
1, 1/36 2,1/36 3,1/36 4, 1/36 5, 1/36 6, 1/36

OO |~ W|IN|F

Roll 2D6 and pick thesser(or equal) die. The expected val(E\) is the sum of the products of the
outcomes and their probabilities.

1 Expected valuéttps://en.wikipedia.org/wiki/Expected_value

Grumblec there are 36 outcomes and 36 probabilities in TaldleThe algebraic alakazam to calculate

the expected valueE\j will have 36 terms. Each term is an outcome times its probability of occurrence.

OKg SQf f R2 Athewhdlefstiebaoge G S NI a

1 EV=1(1/36) + 1(1/36) + 1(1/36) + 1(1/36) + 1(1/36) + 1(1/36) + 1(1/36) + 1(1/36) + 1(1/36) +

1(1/36) + 1(1/36) + 2(1/36) + 2(1/36) + 2(1/36) + 2(1/36) + 2(1/36) + 2(1/36) + 2(1/36) + 2(1/36)
+ 2(1/36) + 3(MB6) + 3(1/36) + 3(1/36) + 3(1/36) + 3(1/36) + 3(1/36) + 3(1/36) + 4(1/36) +
4(1/36) + 41/36) + 4(1/36) + 4(1/36) + 5(1/36) + 5(1/36) + 5(1/36) + 6(1/3G)3®D

The factor 1/36 occurs in each and every one of the 36 terms, so we can rewrE/fbenula like this:

T EV= [L+1+1+1+ 14+ 1+ 1+ 1+ 1+ 1+ 14242424242+ 242+ 2+2+3+3+3+3+3+3+3+4+4+4+ 4+ B 586} 5
= a1/36.

Roll 2D6, pick the less@r equal)die, and ignore the other die.

1 Expected valudzV=91/36 = 219/36 [decimal approximation 2.528

91 19 . . .
1 Expected valueEV = P =2§3 [decimal approximation 2.528
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We wonder. What is the sum of the Try for KHigxpected value, which waall TFHEYand the Go for
Low expected value, which waall GFLEY

1 Try fa High expected value + Gar Low expected value = 4 17/362+19/36 = 6 36/36 = 7
1 TFHEW GFLEW4 17/36 + 2 19/36 =6 36/36 =7

17 19 36
i TFHEV+ GFLEV 4— 2— 6=— 7
36 36 36

We havemany tensof Dé. On each and evegne of ourD6s, the sum ofhe humbers (numerals or
pips) on opposite facds 7.

1 1D6: 1 and 6 are on opposite faces. 1 +6=7
1 1D6: 2 and 5 are on opposite faces. 2 +5=7
I 1D6: 3 and 4 are on opposite faces. 3 +4=7

The sum of the numbers on opposite faaidsa D6 is 7, and the sum BFHEVANd GFLEVS also 7. Do
you thinkthis is interesting? Do any of your students think it is interesting? If you and/or one or more
students think it is interesting (and wonder whyje are happy that we mentioned it.

Roll 1D6. The possible outcomes are 1, 2, 3, 4, 5, and 6. The mean possible outcome and the expected
value are both equal to 3.5.

I 1D6 mean possible outcome=(1+2+3+4+5+6)/6 =35
1 1D6 expected value = 1(1/6) + 2(1/6) + 3(1/6) + 4(1/6) + 5@M)L/6) = 21/6 =3 3/6 = 3.5

Welove to calculate statistics. Weonder ¢ what is the mearof TFHEVand GFLE?

1 Mean of TFHEMANd GFLE¥ (161/36 + 91/36)/2 = (252/36)/2 =3 1/2 = 3.5

5_161+ 91 § 252 5
STFHEV + GFLEV §&2c 2 0 & 70 1
1 Mean of TFHEViNd GFLEVa: 80 386 & L N
o 2 6 Z 2
(;, - g -

Gloriosky Themean of TFHENANd GFLENS equalto 3.5, the samesl) the expected value when you
roll 1D6, and 2) the meapossible outcomeolling 1D6.

1 Mean of TFHEMANdGFLEW 3.5
1 Roll 1D6Meanpossible outcome = 3.5
1 Roll 1D6: Expected valug\j = 3.5

Interesting we think,because we love probability and statistidsnd we love number patternsvVe hope
that it might be interestingo you and one or more students.
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Time for a summary of stuff from the last few pages? Sure

Roll 1D6
9 Possible outcomeq;, 2, 3, 4, 5, and 6
1 Outcomes are equally probable. Probability of occurrence of each outcome = 1/6.
1 Mean possible outcome 3 1/2 =3.5
1 Expected valueEV==3 1/2 =3.5

Roll 2D6Try for High Roll 2D6 and picthe greater (or equal) die.
1 Possibleoutcomes: 1, 2, 3,4, 5, and 6
1 Probabilities obccurrence opossible outcomeare not equally probable.
Probability of occurrence of 1 = 1/36
Probability of occurrence of 2 = 3/36
Probability of occurrence of 3 = 5/36
Probability of occurrence of 4 436
Probability of occurrence of 5336
Probability of occurrence & =11/36
1 Mean possible outcome 4 1786. Decimal approximation = 427
1 Expected valugEV= 4 1786. Decimal approximation = 427

Roll 2D6Go for Low Rdl 2D6 and ek the lesse(or equal) die
1 Possible outcomes: 1, 2, 3,4, 5, and 6
1 Probabilities of occurrence of possible outcomes are not equally probable.
Probability of occurrence of 1 = 11/36
Probability of occurrence of 2 = 9/36
Probability of occurrence of 3 = 7/36
Probablity of occurrence of 4 = 5/36
Probability of occurrence of 5 = 3/36
Probability of occurrence of 6 = 1/36
1 Mean possible outcome 2 19/36. Decimal approximation = 2.528.
1 Expected valugzV= 2 19/36. Decimal approximation = 2.528.

Sum and meanf Tryfor Highexpected valuéTFHEV) and Go for Low expected valu@KLE)V

1 Sum:TFHEW GFLEW 4 17/36 + 2 19/36 = 6 36/36 = 7
1 Mean:(TFHEW GFLEWV2 = (4 17/36 + 2 19/36)/2 3.5

Do youor your students see aninteresting number patterrs?

2D6Go forLow expected value 1D6 expected value 2D6Try for High expected valu
19 91 18 126 17 161
GFLEWM 2— = — D6EW= 3— =—— TFHEM 4— =—
36 36 36 36 36 36
126 91 3t 161 126 3t
D6E\¢ GFLEW¥ — - i —ﬁ TFHEV D6E\= i - — ——3
36 36 36 36 36 36
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Play Roll, Bk, and Add with Digit Di¢erOC

1st-grade students are learning how to addlijit numbersDoes that Includ®? WeR2 y Qi 1y 2 6 =
we include 0 in our list of-Higit numbersHey! They can learn about 0 playing this game.

1 1-digit numbers: 0,1, 2,3,4,5,6,7,8,and 9

We think thatdigit dice (DDs) are the right stuff to help tgtaders learn how to add-digit numbers.

1,2,3,4,5,6,7,8,and 9. Roll 1DD: The outcome is the number on top. The out
of a weltdesigned DD (fair DD) aegually probable. The probability of occurrence of 9

Adigit die (DD)is a die with 10 faces numbered 0 through 9. Possible outcomes af éak
X »A
each outcaone is 1/10.

DD

Play Roll, Pick, and Add Try for High, Go for Low, and Hit the Target gameéwogigit dice 2DD.

Try for Highgame Maximize your score, make it big. Roll 2DD, piclgtieater(or equal)die, and add it
to your scorelf you rolldoubles(example: 7 and 7)pick either diePlay four turns or five turns or the
number of turnsyou and your studentaant to play.

Go for Lowmgame Minimize your score, make it small. Roll 2DD, picKebser(or equal)die, and add it
to your scorelf you roll doublegexample: 8 and 8pick either diePlay four turns or five turns or the
number of turnsyou and your studentaant to play.

Hit the Target gameChoose a target number and try to hitRlaying with2DD, ve like target =20 or

24 for a 4turn game target = 20or 25 or 30for a 5turn game.Roll 2DD and pick the die thaill better
keep youn targeQMultiplayer gamethe player closest to the target is the winner. Ties are possible.
Example: In &-turn game with two playerghe target is20. At the end of the game, one player has 1

and the otherplayerhas@1 L i Qa | (GAS®
Table29. Roll, Pick, and Add Using 2DD. Try for High Ganéurns
Turn| Roll 2D | Pick | Add to score| Score| Notes
0 Begin the game. Set the scorezero.
1 2and5 5 0+5=5 5 5>2. Pickb and add it to the previous score.
2 Oand7 7 5+7=12 12 | 7>0. Pick7 and add it to the previous score.
3 land5 5 12+5=17 17 | 5>1. Pick 5 and add it to the previous score.
4 3and6 6 17+6=23 23 | 6>3. Pick6 and add it to the previous score.
5 4and9 9 23+9=32 32 | 9> 4 Pick9 and add it to the previous score.
Try for High Game final score: 32

32
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That was funWe willuse the same 2DD rolis Table 3@s in Table 29 to play a Go for Low game. Why
use the same rolls? So we and you can easily compare Try for High and Go for Low strategies.

Table 30. Roll, Pick, and Add Using 2DD. Go for Low Game, 5 Turns

Turn| Roll 2DD| Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 2and5 | 2 0+2=2 2 2 <5, Pick 2 and add it to the previous score.
2 Oand7 | O 2+0=2 2 0 < 7. Pick 0 and add it to the previous score.
3 land5| 1 2+1=3 3 1 <5. Pickl and add it to the previous score.
4 3and6 | 3 3+3=6 6 | 3 <6 Pick3and add it to the previous score.
5 4and9 | 4 6+4=10 10 | 4<9. Pick4 and add it to the previous score.

Go for LowGame final scoret0

Try for High ad Go for Low games haeasy strategis. Use the same strategy every turn.

9 Try for High strategy: Roll 2DD, pick the greater (or equal) die, and add it to your score.
1 Go for Low strategy: Roll 2DD, pick the legseequal)die, and add it to your score.

OK for 1sigraders?Thesegamegreinforce addition of idigit numbes, adding Xdigit numbers ta2-digit
numbers, greater than, less than, and equal WWhen we play with 1sgjradersthey mayusebasel0
unit cubes and rods as¥alculatoflo calculate andkeep track otheir scores. Soonthey abandonthe
basel0 blocks, and use mental arithmetic paperand-pencil arithmetido update their score.

Table 31 shows atbirn Hit the Target gamasingnew 2DD rolls; not the same 2DD rollss the Try for
High game showim Table 29 and the Go for Low game shown in Table 30.

Table 31. Roll, Pick, and Add Using 2DD. Hit the Target Game, 5 Turns, Target = 20

Turn | Roll 2DD | Pick | Addto score | Score | Notes
0 Begin the game. Set the score to zero.
1 Oand6 6 0+6=6 6 Why 6? On target?High? bw?
2 2and4 2 6+2=8 8 Why 270n target? High? aw?
3 6and 6 6 8+6=14 14 On target? High? aw?
4 3and9 3 14+3=17 17 Why 3?70n target? High? aw?
5 5and 7 5 17+5=2 22 Missed the target by.

Hit the Targe game Target = 20. Final score = 22. Misteltarget by 2. Close!
Hey! Close is good. The target was 20 and we got 22. We missed the target by only 10%

On target™ur strategydesired ontarget scores in turns 1 todre 4, 8, 12and16. If we arehigh or
low, wetry to get ontarget next turn.
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Our Hit the Target strategy ol 2DD andgick the die thais better for keepingison targetor near on
target. Tables 32 and 33 showb-turn Hit the Target ganswith target = 20.

Table 2. Roll, Pick, and Add Using 2DiBit the Target Game5 Turns Target = 20
Desired ontarget scores: 4, 8, 12, 16, 20nlikely!]

Turn| Roll 2DD| Pick | Add to score| Score| Notes

0 Begin the game. Set the score to zero.

1 2and9 | 2 0+2=2 2 Not on target.Lowby 2.

2 3and7 | 7 2+7=9 9 Not on target.Highby 1.

3 4and4 | 4 9+4=13 13 | Doubles. Pick either di®&lot on target. High by 1.
4 0 and7 5 13+0=13 | 13 | Noton target Low by 3.

5 6and9 | 6 13+6=19| 19 | Lucky rollMissedthe targetby 1.

Hit the Target game. Target = 20. Final score = 19. Miksddrget by 1. Close!

Table 33. Roll, Pick, and Add Using 2DD. Hit the Target Game, 5 Turns, Target = 20
Desired ontarget scores: 4, 8, 12, 16, 20nlikely!]

Turn| Roll 2DD| Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.

1 Oand6 | 6 0+6=6 6 Not on target. Highby 2.
2 4and5 | 4 6+4=10 10 | Not ontarget. Highby 2.
3 land9 1 10+1=11| 11 | Notontarget Lowby 1.
4 land4 | 4 11+1=15| 15 | Notontarget Lowby 1.
5 2and5| 5 15+5=20| 20 | Righton! We hit the target.

Hit the Target game. Target = 20. Final sca26.¥Ve hit the target.

We wonder: If we [ay 1005-turn Hit the Target gamewith target = 20

1 How many times mighwe hit the target?
1 How many times mightve missthe targetby 1? (score = target + 1 or score = targé)?
1 How many timesnightwe miss the target b@? (score target+2 orscore =target¢ 2)?

Your TurnExperiment and collect data. Have your stats play 100 Surn Hit the Target games.

How mary games hit the target?

How many gamesnissed the target by 1?
How many gamemissed the target by 2?
How many gamemissed the target by 3?
Et cetera, et cetera.

arwNPRE

Collect data, make a histogram, makérequency distribution, et cetera, et cetera.
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Tables 3435, and 36display 5turn Hit the Target Games with target = Z3n targetscores 5 in turn 1,
10inturn2,15inturn 3, 20inturn 4, a@8inturn 5. [5+5+ 5+ 5 =5 =25]

Table 34 Roll Pick, and Add Using 2DD. Hit the Target Game, 5 Turns, Target = 25

Turn| Roll 2DD| Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 5and8 | 5 0+5=5 5 | On target.
2 8 and 9 8 5+8=13 13 | Not on target High by 3.
3 6and 7 6 13+6=19( 19 | Noton target High by 4.
4 2and9 | 2 19+2=21| 21 | Notontarget High by 1.
5 5and7 | 5 21+5=26| 26 | Close! Missed by 1.

Hit the Target game. Target 5.Final score =& Missedthe targetby 1
Our score is 104% of tharget. We missed the target by 4%. Hey! Not too shabby.

Table 35. Roll, Pick, and Add Using 2DD. Hit the Target Game, 5 Turns, Target = 25
Turn| Roll 2DD| Pick | Add to score| Score| Notes (Target = 25)
0 Begin the game. Set the score to zero.

1 3 and8 3 0+3=3 3 Not on target Low by 2.

2 4and4 | 4 3+4=7 7 Not on target Low by 3.

3 4and8 | 8 7+8=15 15 | On target

4 2and6 | 6 15+6=21| 21 | Notontarget High by 1.

5 Oand9 | O 21+0=21| 21 | Groan. Missed the target by 4.

Hit the Target game. Target = 25. Final score = 21. Missed the target by 4.
Our score is 84% of the target. We missed the target@e

Table 36. Roll, Pick, and Add Using 2DD. Hit the Target Game, 5 Turns, Target = 25

Turn| Roll 2DD| Pick | Add to score| Score| Notes (Target = 25)
0 Begin the game. Set the score to zero.
1 4and5| 5 0+5=5 5 On target
2 3and9 | 3 5+3=8 8 Not on target Low by 2.
3 3and8 | 8 8+8=16 16 | Not on target High by 1.
4 land2 | 2 16+2=18| 18 | Notontarget Low by2.
5 2and9 | 9 18+9=27| 27 | Missed the target by 2.

Hit the Target game. Target = 25. Final score = 27. Missed the target by 2.
Our score is 108% of the target. We mistissltarget by 8%.

What is the probability of getting a 5 in turn 1?
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Abracadabra! We waveur magiovand (acquired in Diagon Allegnd capriciously contrivéne
outrageously unlikelgameshownin Table3A Yy g KA OK ¢S I NB .Ww2y GFNBSGIQ S@

Table 37. Magically contrived Hit the Target Game, 5 Turns, Target ©8€arget every turn.

Turn| Roll 2DD| Pick | Add to score| Score| Notes (Target = 25)
0 Begin the game. Set the score to zero.

1 Oand4 | 4 0+4=4 4 On target

2 3 and4 4 4+4=8 8 On target

3 5and4 | 4 8+4=12 12 | On target

4 4and4 4 12+4=16 16 | On target

5 7and4 4 16+0=20 20 | We hit the targef thanks to our magic wand.
Hit the Target game. Target £.Final score =@ Wewere ontarget every turn and hit the target

This is not a real game. We used our Diagon Alley magic eauofdturn to get a 4.

A 4 on every turn? Not likelirhe probability ofolling 2DD and getting 4 is 19/100(more about that
down yonder) The probability of rolling 2DD five times andtieg a 4 each time iswell,f S i Q&
calculate

1 Turn 1.Probabiity that outcome = 4 is 19/10(0.19 or 19%)]

T

Turns 1 and ZProbabilitythat a 4 occurs on botturnsis (19/100)(19/100x 361/1M00

[0.0361 013.61%]

Turns 1, 2, and Probability that a 4 occurs on all threernsis
(19/100)(19/100)(19/10p= 68591.000000. [0.006859about0.69%, less than 1%o

Turns 1, 2, 3, and 4robability that a 4 occurs on all fouurnsis
(19/100)(19/100)(19/100)(19/100) = 130321/1000000aMOP130321 Approximatelyd.13%]

Turns 1, 2, 3, 4, and Brobability that a 4 occurs on all fiugrnsis
(19/100)(19/100)(19/100(19/100)(19/100)247609910000000000Q
[0.0002476099Approximately0.025%]

The probability of rolling 2DD five times and getting a 4 each time is 2476099/10000000000.
In decimal0.0002476099. Approximately 0.00025. In percent, approximately 0025

1 About 0.025%lf an outcomeoccurs once id4000 events, it occurs in 0.025% of the 4000 events.

Roll 2DD 1,000,000 times. We think that a 4 will pop up about 1,000,000 x 0.0082%im&s, give or
take a few. Do you agree?
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DDProbabilities and StatisticSIOC

Adigit die (DD) is a die with 10 faces numbered 0 through 9. Possible outcomes ar
2,3,4,5,6, 7,8, and 9. The outcomes of a-dedigned DD (fair DD) aegually
probable. The probability of occurrence of each outcome is 1/10.

s
o

DD

In previous chapters calldd6 Probabilities and Statisticand Roll, Pick, and
Add 2D6Probabilities and Statisticswe calculated 1D6 and 2D6 probabilitie
and statistics. In this chapter, wéll pose many questiongut few answers
for 1DD and 2DD phlmabilities and statistics.

PPP PPP

Your TurnComplete Table 38 showirtige 10possiblelDD outcomes and their probabilities.

Table38. 1DD Outcomes andr heir Probabilities
Outcome Pfr;lgl;i:}ity P;Z?:?raglilty P;Z??g:i[ty Game Mastecomments

0 1/10 0.1 10% There are 10 possible outcomes.
1 1/10 0.1 10% The outcomes are equally probable.
2 1/10 0.1 10%
3
4
5
6
7
8
9

Totals 1 1.0 100% If not 1, 1.0, and 100%0opsc rethink.

Calculate the mean possible outconBBecause the possible outcomes are equally probalihee mean
possible outcome is equtd the sum of thepossibleoutcomes divided by the number of outcomes.

1 Mean possible outcome si{m of possible outcomes) hiimberof possible outcomes)

What is the mean of the 1fossible outcomes this mean a possible 1DD outcont&éh you roll it?
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Roll 1DD What is the expected valy&\j of the outcome? To calculate the expected value, use the data
in your Table38.

1 Multiply eachof the 10possible outcomsby its probability.
1 Add the 10 product®f outcomes and their probabilities.
1 Expected value = sum of (possible outcome tipredbability of outcomejor all 10 outcomes.

1 Expected valuéttps://en.wikipedia.org/wiki/Expected value

We did all this stuff for 1D6 in the chapt®6 Probabilities and Statistic¥ our turn to do it for 1DD.
Roll 1DD twicg1st roll, 2nd roll).
The probability that both oicomes are 0 (1st roll = 0, 2nd roll = 0) is (1/10)(1/10) = 1/100
The probability that both outcomes are 1 (1stroll = 1, 2nd roll = 1) is (1/10)(1/10) = 1/100
The probability that both outcomes are 2 (1st roll = 2, 2nd roll = 2) is (1/10)(1/10) = 1/100

What is the probability that both outcomes argBst roll = 3, 2nd roll = 3)?

What is the probability that both outcomes are 4 (1st roll = 4, 2nd roll = 4)?

What is the probability that both outcomes are 5 (1st rob, 2nd roll = 5)?

What is the probability that both outcomes are 6 (1st roll = 6, 2nd roll = 6)?

What is the probability that both outcomes are 7 (1stroll =7, 2nd roll = 7)?

What is the probhility that both outcomes are 8 (1stroll = 8, 2nd roll = 8)?

What is the probability that both outcomes are 9 (1st roll =9, 2nd roll = 9)?

Roll 1DDthree times(1st roll, 2nd roll, 3rd rojl What is the probabilitthat all three outcomes are

equal (1st roll = 2nd roll = 3rd roll)?

Roll 1DD four timeg1st roll, 2nd roll, 3rd roll, 4th roll). What is the probability that all four outcomes

areequal (1s roll = 2nd roll = 3rd roll = 4th roll)?

Et cetera, et cetera. Five times, six timesyen times, eight times, nine times
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We used our Ty n @radint operation tosimulaterolling 1DD 100 tires.Here are the 100 outaues.
This is aampleof 100 1DD rolls.

1863098839 8768254381
50074 3215545065 10367

This isasample of 100 1DD rolls.
you roll 1DD 100 times,

you will

get another sampleyour sample

94236 13383 2558195417
47937 90486 3559212500

84288

| 20

62145 74653 56708

made a 1D6 histograin the chapterD6 Probabilities and Statistics

Your Turn Complete the histograrhelow showing the frequency afccurrence oach outcome in the

YIye nd RAR ¢S Wl Dszarnd sdof hiow Yhany @s dishdekollde2 &
counted the frequeny (number of occurrena of each outcome and began a primitive histogram of
the outcomes and their frequenciedistogramhttps://en.wikipedia.org/wiki/HistogramReall that we

sample ofL00 1DD rolls abov&ach x is one outcom&/e bega the histogram for outcomes 0, 2,

and 3 On the right of each row of outcomes, we put the number of outcomes in that @mplete the

histogramfor outcomes 4, 5, 6, 7,&d 9.

0 XXXXXXXXX

1: XXXXXXXXX

27 XXXXXXXX

3 XXXXXXXXXXX 11

© o N2 g R

Total number of rolls: 100

PPP

Rolling dice and playing dice games is a great way to generate and collect
to use in learning and teaching statistiBsll dice, play game, hatun, collect

data, calculate statistics. What is the rangeoaf 100 1DD outcomes? What i
the mode? What is the mean? The median? The 1st quartile? The 3rd queé

Roll 1DD 100 times and collsaur sample of 100 1DD rolls. The statistics o
your sample will likely be different thanetstatistics on our sample

PPP
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Your Turn Complete Table 39 below. It israquency distributionof the 100 1DD rolls shown above.
Use your histogram of the 100 1DD rgd®ove)to complete theFrequencycolumnand the three
Experimental Probhility columns.

Table39. Frequency Distribution of 100 1DRolls
https://en.wikipedia.org/wiki/Frequency distribution
Outcome | Frequency ps len wikipedia orgwid/Empiral prababily
fraction decimal percent
0 9 9/100 0.09 9%
1 9 9/100 0.09 9%
2 8 8/100 0.09 8%
3 11 11/100 0.11 11%
4
5
6
7
8
9
Totals

Use the data in the frequency distribution (Table 89calculate thanean outcomeof the sample of
100 1DD rollsMultiply each outcome by its frequency, add#eproducts, and then dividéhe sum of
the productsby thetotal number of outcome$100)

1 Mean outcome = sum of (outcome x frequency) / 100

The mean outcome dhis sample of 100 1DD dice sothight differ from thanean ofthe possible
outcomes

Roll 1DDMeanof possible outcomes=(0+1+2+3+4+5%5F¥6 8 +310=45

This sample of@0 1DD rolls (Table 39Experimental mean =
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Your Turn Complete Table 40. It shows thessible outcomes rolling 2DDhere are

100 postble outcomesThe outcomes are shown as ordered pailis:1, die 2.

1 Example2, 3.diel=2,die2 =3.
1 Example3, 2. diel =3, die2 =2.

PTLIRoIIPickAdd-DiceGames

Table40. Roll 2DD100Possible outcomesdie 1, die 2)

diem Qdie 2-

0 1 2 3 4 5 6 7

0

0,0 0,1 0,2 0,3 0,4 | 0,5 0,5 0,7

0,8

0,9

1,0} 1,1 | 1,2 | 1,3 1,4 1,5 1,6 1,7

1,8

1,9

2,0 21| 2,2 | 2,3 2,4 2,5 2,6 2,7

2,8

2,9

330 31| 32| 33| 34| 35| 3,6 | 3,7

3,8

3,9

© | 0| N |0 | B~ WIN|F

Gaze uporyour Table 40 and answer these questions:

QO01.In how manyutcomes doe® occuron diel or die2 or both?

Q02.1n how manyutcomes doed occuron diel ordie2 or both?

Q03.1In how manyutcomes doe® occuron diel ordie2 or both?

Q04.1n how manyutcomes doe$ occuron diel ordie2 or both?

Q05.1n how manyutcomes doegl occuron diel ordie2 or both?

QO06.In howmanyoutcomes doe$ occuron diel ordie2 or both?

Q07.1n how manyutcomes doe$ occuron diel ordie2 or both?

Q08.In how manyutcomes doe§ occurondiel ordie2 or both?

Q09.In how manyutcomes does8 occuron diel ordie2 or both?

Q 10.1In how manyutcomes doe® occuron diel ordie2 or both?

Here is a paucity of answers framr Table 40 Q 03:19 Q 06: 19
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The 100 outcomem Table 4Gre equally probable The probability of occurrence of each and every
outcome is 1/100.

1 Outcome 0, Wceurs oncan 100 possible outcomesrdbability of occurrence 4/100.

1 Outcome 2, Dccurs once in 10possibleoutcomes Probability of occurrence = 1/100.

1 Outcome 3, Dccurs once in 100 possible outcomes. Probability of occurrence = 1/100.
Note that 2, 3diel = 2,die2 = 3) and 3, A(el = 3,die2 = 2) are different outcomes.
Table 40 Bows 100 possible different outcomebhe probability of occurrence of each andkbey
possible outcome is 1/100.
Consultyour Table 40 and answer these questians

QO00. Roll 2DD. What is the probability that at least one die is 0?
QOL Roll 2DD. What is the probability that at least one die is 1?
Q02 Roll 2DD. What is the probability that at least one die is 2?

QO03. Roll 2DD. What is the probability that at least one die is 3?
QO04. Roll 2DD. What is the probability thait least one die is 4?
QO05. Roll 2DD. What is the probability that at least one die is 5?
QO06. Roll 2DD. What is the probability that at least one die is 6?
QO07. Roll 2DD. Whais the probability that at least one die is 7?
Q09. Roll 2DD. What is the probability that at least one die is 8?
QO09. Roll 2DD. What is the probability that at least one die is 9?

Adearth of aaswersfrom our Table 40: Q0219/100 QO0519/100 Q08 19/100

Our Table 4Bas 10different outcomes. The outcomes aeguallyprobable. Eehoutcome hasa
probability of occurrence equal to 1/001In 19utcomes, at least one die 1s The probability of
occurrence of 1 is 18mes 2100 = 19/100

1 Roll 2DDProbability of occurrence of 1 = 19(1/100) = 19/100.

L1 19
1 Roll 2DDProbability of occurrence of 118G0— =— .
100 100
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Roll, Pick, and Add Try for HigRoll DDand pick the greater (or equal) die:

Your TurnCompleteTable41. It shows thepossibleoutcomesof rolling 2DD and picking the greater (or
equal) dieDo you see any patterns?

Table41. Try for High Outcomes. Roll 2DD and Pick the Greéberequal)Die.

diem Qdie 2- 1

w|Nv|k|o| o
W(N|ININ N
wWlwlw|lw| w
RN

a|lo|a|lal o
o|lo|lo|lo| o
NN NN

©|oo|w|o| o
o|o|o|lwo]| ©

1
1
2
3

A TWIN|PF

Table41 has 100 possible outcomes.ylaur Table 41:

Q 00 How many times does 0 occur?
Q 01 How many times does 1 occur?
Q 02 How many times does 2 occur?
Q 03 How many times does 3 occur?

Q 04 How many times does 4 occur?

Q 05 How many times does &ccur?

Q 06 How many times does 6 occur?

Q 07 How many times does 7 occur?

Q 08 How many times does 8 occur?

Q 02 How many times does 9 occur?

Here is a scantiness of answers fronr Table 41 Q02:5 Q0511 Q M: 19
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Your TurnComplete the histogram (below) showingetnumber of occurrences efich outcomen
your Table 41Each x is one outcome.

1

x

XXXXXXX 7

XXXXXXXXXXXXXXX 15

© o N g R whR O

Total number of rolls: 100

Your TurnComplete Table 42. It is a frequency distribution of Try for High possible outctiraies
frequenciegnumber ofoccurrence), and theirprobabilities of occurrence

Table42. Try for High Frequency Distribution. Roll 2DD and Pick the Greater (or equal) Dig
Outcome | Frequency Probability of occurrence
fraction decimal percent
0 1 1/100 0.01 1%
1
2
3 7 7/100 0.07 7%
4
5
6
7 15 15/100 0.15 15%
8
9
Totals 100 100/100 1.00 100%
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Roll 2DD and pick the greater (or equal) di#hat is the mean possible outcordJseyour completed
frequency distribution tabl¢Table 42}o calculate the mean possible outcome.

1 Meanpossibleoutcome 5 sum of possibleoutcome x frguency)] / (total number of outcomes)

The outcomes are not equally probabl&Vhat are the probabilities of the possible outcomes? Show
each probability as adction, as we do for the probabilitiesf occurrence of 03, and 7

Q 00.What is the probability of occurrence of @2L00
Q 01.What is the probability of occurrence of 1?

Q 02.What is the probability of occurrence of 22
Q 03.What is the probability of occurrence of 372.00

Q 04.What is the probability of occurrence of 4?
Q 05.What is the probability of occurrence of 5?

Q 06.What is the probability of occurrence 69
Q 07.What is the probabilityf occurrence of 7? 15/100
Q 08.What is the probability of occurrence of 8?

Q. 09.What is the probability of occurrence of 9?

The sim of the above probabilitiesust beequalto 1. Is the sunequal to 1Af not, rethink.

What is the expected valugeV) of a Try for Higloutcome?Is the expected value a possible outcome?

1 Expected valuéttps://en.wikipedia.org/wiki/Expected value

1 EV=sum of(outcome x probability of occurrence)
1 EV=0(1/100) + 1(3/100) + 2(5/100) + et cetera, et cetera
We usedour Table 42 tccalculate the expected value. Our answer is one of the folloviivigich one?

4.5
3.85
5
6.15
6.28

®aooTQ

Roll 1DD. Mean possible outcometl.5. Epected value=4.5.

Roll 2DD and pick the grea (or equal) die. Mean possible outcome = EV=
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Roll, Pick, and Add Go for Lowoll 2DD and pick tHesser(or equal) die.

Your TurnCompleteTable 43It shows theossible outcomes of rolling 2DD and picking the lesser (or
equal) dieDo you see any patterns?

Table43. Go for LowOutcomes. Roll 2DD and Pick thesseror equal)Die.

diewm Qdie 2- 0 1 2 3 4 5 6 7 8 9
0 0 0 0 0 0 0 0 0 0 0
1 0 1 1 1 1 1 1 1 1 1
2 0 1 2 2 2 2 2 2 2 2
3 0 1 2 3 3 3 3 3 3 3
4
5
6
7
8
9

Table 4%has 10 possibl&o for Lowoutcomes: 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. Most of these outcomes
occur more than onceln your Table43, how many times does each possible outcome occur?

Q 00.How many times does 0 occur?

Q 01.How many times does 1 occur?

Q 02.How many times does 2 occur?

Q 03.How many times does 3 occur?

Q 04.How many time does 4 occur?

Q 05.How many times does 5 occur?

Q 06.How many times does 6 occur?

Q 07.How many times does 7 occur?

Q 08.How many times does 8 occur?

Q 09.How many times does 9 occur?

Q 10.What is the tothAnumber of outcomes in Table 23

Here is acintillaof answers fronour Table 43 Q 02: 15 QO05:9
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Your Turn Complete the histogram (below) showing the number of occurrences of each outcome in
your Table 43. Each x is one outcome.

0 XXOXXXXXXXXXXXXXXXX 19

1: XXX 17

27 XOOXXXXXXXXXX 15

31 XXOXXXXXXXXXXX 13

4.

5:

6:

7

8:

9:

Total number of rolls: 100

Your Turn Complete Table 44. It is a frequency disttibn of Go for Low possible outcomes, their
frequencies (number of occurrences), and their probabilities of occurtence

Table44. Go for LowFrequency Distribution. Roll 2DD and Pick thesser(or equal) Die
Outcome | Frequency Probability of occurrence

fraction decimal percent
0 19 19/100 0.19 19%
1 17%
2 15%
3 13 13/100 0.13 13%
4
5
6
7 5 5/100 0.05 5%
8
9

Totals
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What is the mean possible outcome? Use yoampletedfrequency distribution tabl€Table 44)o
calculate the mean possible outcome.

1 Meanpossibleoutcome g sum of possibleoutcome x frequency) (total number of outcomes)

The outcomes are not equally probable. What are the probabilities of the pessilttomes? Show
each probability as a fraction, as we do for thelpabilities of occurrence of @d7.

Q 00. What is the probability of occurrence of 0?

Q 01. What is the probability of occurrence of 1?

Q 02. What is the probability of occurrence of 2?
Q 03. What is the probability of occurrence of137100

Q 04. What is the probability of occurrence of 4?
Q 05. What is the probability of occurrence of 5?

Q 06. Whais the probability of occurrence of 6?
Q 07. What is the probability of occurrence of57200

Q 08. What is the probability of occurrence of 8?

Q. 09. What is the probability of occurrence of 9?

The sim of theprobabilities must be equal to.1ls the sum equal to 1? If nQtoopsc rethink.

What is the expected valu&¥) of a2DDGo for Low outcome? Is the expected value a possible
outcomeof a 2DD rof

1 Expected valuéttps://en.wikipedia.org/wiki/Expected value

1 EV=sum of (outcome x probability of occurrence)
1 EV=0(2/100) + 1(17/100) + 2(1500) + et cetera, et cetera

Roll 2DD and pick the lesser (or equal) We. usedour Table 4} to calculate the expected vall&\j.
Our answer is one of the following. Which one?

3.14
3.85
4.5
5
6.15

®aooTQ

Roll 1DD. Mean of the possible outcomes = 4.5. Expected value = 4.5.

Roll 2DD and pick tHesser(or equal) die. Mean possible outcome = EV=
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Your Turn:Summaize 1DD and 2DD Roll, Pick, and Add probabilities

Roll 1DD

1. The possible outcomes are

2. The mean possible outconig

3. The expected valu&l) is

4. InvestigationRoll 1DD mangimes (100, 1000, or mojeCalculate thexperimental mean
outcome: add the outcomes and divide the sumtly number of outcomes. Is the
experimental mean equal to or close to the 1DD expected value?

2DD Try for HighRoll 2DD and pick the greater (or equal) die.

1. The possible outcomes are

2. The mean possible outcome is

3. The expected valud&l) is

4. Investigation. Roll 2DBany times (100, 1000, or moraid pick the greater (or equalje each
time. Calculate the experimental mean outcome: add the outcomes and divide the sum by the
number of outcomes. Is thexperimental mean equal to or close to the expected value?

2DD Go for LowRoll 2DD and pick the lesser (or equal) die.

1. The possible outcomes are

2. The mean possible outcome is

3. The «pected valuelV is

4. Investigation. Roll 2DBany times (100, 1000, or moraipd pick the lesser (or equalle each
time. Calculate the experimental mean outcome: add the outcomes and divide the sum by the
number of outcomes. Is the experental mean equal to or close to the expected value?
2DD Try for HiglfTFH) Plusso for Lom(GFL) Alakazasn

1. Addthe2DDTFH an@DDGFL mean possible outcomes. The sum is

2. Addthe 2DDTFHand2DDGFL expected valaeThe sum is

3. Calculate the mean of 2DD TFH and 2DD GFL. The mean is
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RollDice Collect DataCalculate Statisti¢sTOC

Explore, experimentinvestigate Roll dice many times, collect datealculate statisticsWe think
that this is a greatooperativealakazam for your mathemagicians, also known as students.

Roll 1D6 experimentRoll 1D6 100 timeg his is atatistical sample Thesample sizés 100 1D6 rolls.

Sample (statisticd)ttps://en.wikipedia.org/wiki/Sample (statistics)

= =4 =4 =4

= =4

1
T

Possible outcomed, 2, 3, 4, 5, and Bossible outcomes are equally probable.

Countthe frequency of occurrence of each outcome.

Makea histogram of the data showing the number of occurremoéeach outcome.
Construct a frequency distribution of the outcomes, their frequencies, anéxperimental
probabilityof each outcome

Calculate the range, modmedian, andneanof this sample

Campare the mean of thisampleof 100 1D6 rollso the mean of thelD6possilde outcomes
whichyou may ecall,is 3.5.

Compare the meanf this sample to the 1D6 expected valuehichis, you know 3.5.
Repeat the experiment one or more times and compheexperimental samples.

2D6Try for Highexperiment Roll 2D6 100 timesnd pick the greater (or equal) die on each roll.

= =4 =4 =4

=A =4 =4 =9

Possible outcmes: 1, 2, 3, 4, 5, and 6o$sibleoutcomesare not equally probable.

Count the frequency of occurrence of each @amne.

Make a histogram of the data showing the number of occurrences of each outcome.
Construct a frequency distribution of the outcomes, their frequencies, and the experimental
probability of each outcome.

Calculate the range, modmedian, andneanof the sample

Compare tie mean of this sample to the theoretic2D6 Try for High mean (4 17/364.472).
Compare the mean of this sample to the 2D6 Try for High expected (alli&36° 4.472)
Repeat the experiment one or more times and comparedgkgerimental samples.

2D6Go for Low experimentRoll 2D6 100 times and pick the greater (or equal) die on each roll.

= =4 =4 =4

=A =4 =4 =9

Possible outcomes: 1, 2, 3, 4, 5, andlée possible outcomes are not equally probable.
Count the frequency of occurrence of each out@m

Make a histogram of the data showing the number of occurrences of each outcome.
Construct a frequency distribution of the outcomes, their frequencies, and the experimental
probability of each outcome.

Calculate the range, modmedian, andneanof the sample

Compare the mean of this sample to the theoretical Z&x6for Lownean (2 19/3@ 2.528).
Compare the mean of this sample to the 266 for Lowexpected valug2 19/36° 2.528)
Repeat the experiment one or more times and compare the experimeataples.

We suggested a sample size of 100 rdsre is better.Your classroom with investigatorscan make
many rollsGo for a sample of 1000 rolls!
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Yeah! You and your students cann dice experiments, collect dataand calculate statistics

Roll1DD experiment Roll 1D 100 times.This is astatistical sample Thesample sizas 100 1DD rolls.

Sample (statisticd)ttps://en.wikipedia.org/wiki/Sample (statistics)

= =4 =4 =4

= =

T
1

Possible outcome®, 1, 23, 4, 5, 6, 7, &nd9. Outcomes are equally probable.

Count the frequency of occurrence of each outcome.

Make a histogram of the data showing the numbéioccurrences of each outcome.
Construct a frequency distribution of the outcomes, tHedquencies, and the experimental
probability of each outcome.

Calculate the range, modmedian andneanof the sample

Compare the mean of this sampé¢ 100 1DD rolls to theneanof 1DD possible outcomes,
which you may recall, is 4.5.

Compare the meanf this sample to the 1DD expected valtight it be 4.5?

Repeat the experiment one or more times and compare the experimental samples.

2DD Try for High experimentRoll 2DL100 times and pick the greater (or equal) die on each roll.

= =4 =4 =

=A =4 =4 =4

Possible outcomedq), 1, 2, 3, 4, 5, 7, 8, and 90utcomes are not equally Probable.

Count the frequency of occurrence of each outcome.

Make a histogram of the data showing the number of occurrences of each outcome.
Construct a frequency distribution of the outcomes, itfeequencies, and the experimental
probability of each outcome.

Calculate the range, modmedian, and meaof the sample

Compare the mean of this sample to the theoreticaDZDy r High mear(6.15).

Compare the mean of this sample to tBBD Try forHighexpected value (65).

Repeat the experiment one or more times and compare the experimental samples.

2DDGo for Low experimentRoll 2DDOL00 times and pick thiesser(or equal) die on each roll.

=A =4 =4 =9

= =4 =4 =4

Possible outcome®), 1, 2, 3, 4, 5, 6, 7, 8, and @utcomes are not equally probable.

Count the frequency of occurrence of each outcome.

Make a histogram of the data showing the number of occurrences of each outcome.
Construct a frequency distribution of the outcomes, their frequencies, and the experdinent
probability of each outcome.

Calculate the range, modmedian, and meaof the sample

Compare the mean of th sample to the theoretical 2DBo for Low meaf2.85).

Compare tle mean of this sample to the 28EDp for Low expected valy2.85).

Repeathe experiment one or more times and compare the experimental samples.

We suggesa sample size of 100 rolls would bebodacioudor youto graba larger sample siz&hat
say roll 1,000 times? Or even more times?

P P P | theoretical stdistics such asmean d the possible outcomes arekpected value.| P P P

Conjecture: The more rolls, thmore likely that sample statistics will be close t

Your students canooperate,roll dice,collectdata, calculate statsSerendipity!
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Bob thought about rolling gigit dice (DDD) 100 times Thinking about it madéim —
sleepy, so & took a nap and dreamed. In his dream, T R} Yy OSR I Yy R -
AAYdzZ I GS NRftAYy3I RAOS®E

02

Bob awoke, leaped out of bed (well, slowly oozed out of bed), grabbed-8if ard
used itto simulate rolling 2DD 100 time§able 45 displays the 1@DD rolls.

Table45. 100 2DD Rolla laTF84 shown as ordered pairdiel, die2. [rndInt(0,9,2) ]
3,6 3,8 2,7 7,4 3,0 4,1 51 1,4 2,1 7,8
6,9 6,1 5,8 55 4,4 7,8 9,0 8,8 1,3 1,3
8,3 55 9,8 50 0,7 1,6 9,9 0,9 7,6 4,5
3,6 3,4 8,2 3,8 8,3 0,6 7,3 0,0 7,2 4,1
6,0 9,3 1,3 1,3 7,9 4,8 9,5 3,2 6, 4 1,4
8,6 0,6 6,5 8,6 3,9 3,1 6, 6 6,7 9,8 7,0
3,2 9,2 5,8 7,0 0,7 6,1 1,9 7,2 3,5 4,7
6,1 1,9 7,2 3,5 4,7 8,6 4,3 3,9 4,0 4,8
5,6 0,1 3,9 8,2 2,8 1,9 2,5 3,0 6,0 9,6
2,8 6,8 0,3 1,9 1,2 9,3 0,1 54 8,9 3,2

Your TurnTable 45isplaysl00 2DD rolls. In each roll, there is a greater (or equal) outqoimeeright
stuff for Try for Highand a lesser (or equabutcome (AOKfor Go for Low)

1.

2.

3.

Add the 10Qgreater (or equal) outcome3FHsun¥

Calculate thanean greatei(or equal)outcome.TFHmean=TFHsum100 =

CompareT FHmearwith the theoretical mearwhen you roll 2DD and pick the greater (or equal)
outcome(6.15)

CompareT FHneanwith the expected value when you roll 2DD and pick the greater (or equal)
outcome. (6.15).

Add the 100 lesser (or eqlalutcomesGFLam =

Calculate the mean less@r equal)outcome.GFLmearnr GFLEM/100 =

CompareGFLmeanwith the theoretical mean when you roll 2DD and pick eser(or equal)
outcome (3.85).

CompareGFLmanwith the expected value when you roll 2DD and pick the lesser (or equal)
outcome(3.85).
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P P P Whoa! Do thestuff on the preceding pageefore you look atthis page P P P

We thrashed about and did the calculations on the previous page. First we patiently perused Table 45
and constructed Table 46. It displays the 100 greater (or eGdb)rolls in able 45. The data is
organized in rows (w 1 through row 10) and columns (col 1 through col 10).

Table46. Try for High. Pick the greater (or equal) diedach 2DD roll iTable45.
col- coll | col2 col3 | col4 | colb col6 | col7 col8 | col9 | coll0
row 1 6 8 7 7 3 4 5 4 2 8
row 2 9 6 8 5 4 8 9 8 3 3
row 3 8 5 9 5 7 6 9 9 7 5
row 4 6 4 8 8 8 6 7 0 7 4
row 5 6 9 3 3 9 8 9 3 6 4
row 6 8 6 6 8 9 3 6 7 9 7
row 7 3 9 8 7 7 6 9 7 5 7
row 8 6 9 7 5 7 8 4 9 4 8
row 9 6 1 9 8 8 9 5 3 6 9
row 10 8 8 3 9 2 9 1 5 9 3

Your Turn Calculte statistics for the 2DD Try for High sample shown in Tahle 4

1. Calculate the sum of th€#00 outcomesin Table 46TFHEm =

2. Calculate the mean of thEOOoutcomesin Table 46 TFHnean=

Suggestions:

1 Calculate the sum of each raw Table 46. We got 54 for row 1.
1 Add the 10 row sums to get the total of the 160tcomes

and/or

9 Calculate the sum of each column in Table 46. We §&ai6column 1.
1 Add thelO column sums to get the total of the 100 numbers.

If the total obtained by calculating row sums ahen adding them is the same as the sum obtained by
calculating column sums anken adding themg hallelujah!

We added the 100 outcomes in Table 46 twasedescribed abovdirst row sums and then colum
sums Grrr. We got two different answers. There must be a better way.

As we stared at the incompatible results, we glanced upwardcdimhting above we saw laright
lightbulb (LED, of course) dangling a banner inscribed: Excel
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I KI H 2 S oweSope@TiableM6 intdlicrosoftExcel | Yy R dz&S&emmaterdrdetiondo
calculaterow sums, column sums, amotal sum of the 100 outcomes. Yeah! Hooray for Excel.

Table 47 Excel sums ofry for Highdata in Table &: row suns, col suns, and total sum
col- row sums
row @ A B C D E F G H | J & total

1 6 8 7 7 3 4 5 4 2 8 54
2 9 6 8 5 4 8 9 8 3 3 63
3 8 5 9 5 7 6 9 9 7 5 70
4 6 4 8 8 8 6 7 0 7 4 58
5 6 9 3 3 9 8 9 3 6 4 60
6 8 6 6 8 9 3 6 7 9 7 69
7 3 9 8 7 7 6 9 7 5 7 68
8 6 9 7 5 7 8 4 9 4 8 67
9 6 1 9 8 8 9 5 3 6 9 64
10 8 8 3 9 2 9 1 5 9 3 67
colsums| e | 65 | 68 | 65 | 64 | 67 | 64 | 55 | 58 | 58 630
& total

The outcomes showiin Tabled6 are the greater (or equat)ie of each2DDdice rollshown in Table 45
(Try for High picks).

9 Total sum of the 100 outcomes in Table #6Hsun¥ 630
9 Mean of the 100 outcomes in Table 48zHmearr TFHsurfL00 = 630/100 = 6.30

Compae the mean of this sample (6.B@ith the theoretical meari6.15)and the expected valug.15)
when rolling 2DD angicking the greadr (or equal) die on each roll.

i Theoretical mean = 6.15
1 Expected value = 6.15

Compare? How? Calculate the percentage difference of the sample mean (6.30) from the theoretical
mean (6.15) and the expected value (6.15)

1 % difference of sample mean (6.30) from theoretical m@adb) or expected valu€6.15)

6.30- 6.15
——3100% =2.4%
6.15

The sample mean is 2.4% mahan 1) the theoretical mean and Zhe expected value.

If you roll 2DD 1,000 times and pick the gredtarequal)die each roll, might the sample mean be
closer to the theoretical mean arekpected valueRoll 2DD 1,000 times and find out.
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Here again is Table 45. It displays our sample of 100 2DD outemmingsour B4 to simulate the rolls.

Table 45. 100 2DD Rolls a |a8Al shown as ordered paimdiel, die2. [rndInt(0,9,2)
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Wewended our way through Table 45, picked the leg¢serqual)die in each 2DD roll, and posted the
outcomesin Table 48.

Table 48 Go for Low Pick thelesser(or equal) die in each 2DD roll in Table 45.
col 1l col 2 col 3 col 4 col 5 col 6 col 7 col 8 col9 | col 10
row 1 3 3 2 4 0 1 1 1 1 7
row 2 6 1 5 5 4 7 0 8 1 1
row 3 3 5 8 0 0 1 9 0 6 4
row 4 3 3 2 3 3 0 3 0 2 1
row 5 0 3 1 1 7 4 5 2 4 1
row 6 6 0 5 6 3 1 6 6 8 0
row 7 2 2 5 0 0 1 1 2 3 4
row 8 1 1 2 3 4 6 3 3 0 4
row 9 5 0 3 2 2 1 2 0 0 6
row 10 2 6 0 1 1 3 0 4 8 2
Your Turn Calculte statistics for the 2DD Go for Low sample shown in Table 48.
1. Calculate the sum of the 100 outcomes in Tabl&BLem =
2. Calculate the mean of the 100 outcomes in TableGFLnean=
PPP We suggest: Calculate the total sum of the outcomes in Tabke#8e you PpPp

move on to the next page. Good luck.
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Adding 100 numbers tedious,time consumingand boring. Wen we try to add 100 numbers, we
usuallymakemistrakes Wesuggest: &t Excel do the calculatingo@y the outcomes in Table 48 into an
Excel workbook;, Y R (i K Sy Sdszarimatiol) @&cfio@ calculate row sums, column sums, and
the total of the 100Go for Lowoutcomes in Table 48Ve did it¢ the results appear in Table 49.

Table 49 Excel sumsf Go for Lowdata in Table 8: row sums, column sums, and total sum
col- A B c | D E F| ¢ | H | g | Sumsé&
row @ total

1 3 3 2 4 0 1 1 1 1 7 23

2 6 1 5 5 4 7 0 8 1 1 38

3 3 5 8 0 0 1 9 0 6 4 36

4 3 3 2 3 3 0 3 0 2 1 20

5 0 3 1 1 7 4 5 2 4 1 28

6 6 0 5 6 3 1 6 6 8 0 41

7 2 2 5 0 0 1 1 2 3 4 20

8 1 1 2 3 4 6 3 3 0 4 27

9 5 0 3 2 2 1 2 0 0 6 21

10 2 6 0 1 1 3 0 4 8 2 27
colsums| 50 | 54 | 33 | 25 | 24 | 25 | 30 | 26 | 33 | 30 | 281
& total

The outcomes shown in Tabl®@ dre thelesser(or equal) disof each 2DD dice rahown in Table 45
(Go for Lowpicks).

9 Total sum of the 100 outcomes in Tabl GFlsum= 281
1 Meanof the 100 outcomes in Table 48Fimean= GFlunY100 = 281/100 = 2.81

Compae the mean of this sample (2.8&ith the theoretical nean (2.85) and the expected value (2.85
when rolling 2DD and picking the greater (or equal) die on each roll.

I Theoretical mean =2.85
1 Expected value = 2.85

Compare? How? Calculate the pemcdifference(% differencepf the sample mean (2.81from the
theoretical mean (2.85) and the expected value (2.85

1 %difference of sample mean (2.81) fraime theoretical mean (2.85) or expected value (2:85

2.81- 2.85
——3100% = 1.4%
2.85

The sample mean is1.4% or 1.4%lessthan 1) the theoretical mean and 2) the expected value.

If you roll 2DD 1,000 times and pick tlesser(or equal)die each rdl might the sample mean beoser
to the theoretical mean andxpected value®Roll 2DD 1,000 times and find out.
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Your TurnWe used our TB4toWNR f €t Q H55 wmnn GAYSad ¢ 6fS pn RAA&LX
pairs:diel, die2.

Table 50. 100 2DD Rolls a |a8Bl shown as ordered paimdiel, die2. [rndint(0,9,2) ]
1,5 6,5 3,3 4,7 54 2,7 2,8 7,3 0,9 0, 6
0,2 8,4 8,3 4,2 4,1 7,3 4,4 6, 0 0,5 3,7
5,8 9,5 8,1 7,2 55 0,5 55 9,3 8, 6 0,3
8,4 9,3 3,7 9,2 1,8 8,7 6, 2 2,5 5,3 9,6
1,6 8,1 6,4 51 7,7 0,7 5,9 4,6 6, 2 2,3
0,7 5,9 4,6 6, 2 2,3 7,2 5,0 7,0 1,0 1,7
7,7 8, 6 2,4 2,6 1,7 6, 3 7,4 8,3 8, 6 5,0
8,3 55 6, 7 4,6 2,3 1,2 1,4 9,0 3,4 3,7
3,4 7,6 0,4 4,1 2,9 4,6 8,9 9,0 8,5 0,8
9,8 7,8 6, 8 7,8 4,9 5,5 4,0 4,1 1,9 7,9

1. Calculate the sum of the greater (or equal) die for each 2DD roll in Table 50. These are Try for
High picks. There are 100 of them. We call this $ksum

2. Calculate the mean of the 100 Try for High picks in Table 50. We call thisTirdarean
TFHmear TFHsuNY100.

3. CompareTFHmeanvith the theoretical Ty for High mean (6.15) arekpected valu¢6.15)
when rolling 2DD and pickingé greater (or equal) die€Calculate the percent difference of this
sample from the Try for High theoretical mean and the fér High expected value.

2 T A NI
al f Q 1 i K
PPP . PPP

. sample value theoretical valu
percent difference P - §100%
theoretical value
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Q_ pull
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4. Calculate the sum of the lesser (or equal) die for each 2DD roll in Table 50. These are Go for Low
picks. There are 100 of them. We call this sBFLsum

5. Calculate the meanf the 100Go for Low picks in Table 50. We call this m&Lmean
GFLmear GFLam/100.

6. CompareGFimeanwith the theoretical Go for Low mean 85) andexpected valueZ.85) when

rolling 2DD and picking tHesser(or equal) die. Calculate the percent difference of this sample
from the Gofor Lowtheoretical mean and th&ofor Lowexpected value.
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Math Standards Ranting & RavinfOC

Reality expands to fill the available fantasies.
PPP ) _ _ _ PPP
To enhance your personal reality, fantasize, fantasize, fantasize!

We are not fans othe Common Core math standardgp://www.corestandards.org/Math/

One size fits all? No way.

WethinkA G ¢2dz R 6S JI22R AF Wb2 /KAfR [SFTl .SKAYRQ 6S

We thinkit would be loverly if:

School districts, counties, cities, towns, villages had more controhittf curricula.

The Federal Government (the Peldad less @ntrol of math curricula

The Fedunds copious research in the hope of finding stuff that works.

Copious researcfinds stuff that works The Fegublisheghree or moresets of math
standards, qite different from one another.

1 The Fedgublish three or more sets of standards, suggéis¢m, butdoesnot mandatethem.
Aha! Choice in the land tifie freeand the home of the brave.

= =4 =4 =4

Teaches could thenperusethree or moresets ofmath standardgyeah!)and createtheir math
standards that are the right stuff faheir studentsthis year. Next year, new students wittifferent
needs and abilities arriveteachers can evolve thammath standardgo be the best they can be faheir
new students.Next yearthey do it againL (i Q & -énding Seh&Ndent, every yearteaches browse
the published and suggested math standards arete the best standards fatheir students that year

Our fantasyEvery year, teachers browse the published and suggested m

standards and create the best standards for their students that year. # P

PPP

28 R2yQl KF@S Fff GKS G22fa baghdarddta compets Bith i SR (i 2
Common Core math standards. Ardasc g S I Ay Q4 320G Of 2 dzi @

If reality would expand to fill our fantasies, we would like to be part of a team that creates math

standards that featurg@robability and statistics§rom K 1, 2, 3 et ceteraq up, up, and awayAmong

the tools and toys would be games, games, games! As you meander through life, and make multitudes
of decisions that influence your future, a deep understanding of probability and statistics will serve you
wellWeh®dS Y dzOK Y2NB (2 &aleé Fo2dzi GKAAX odzi GKIFGQa
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This is the end of the eBo&oll, Pick, and Add Dice Gamescept for

1 Appendix 1 Roll, Pick, and Add Game Play Sheets
1 Appendix 2 T84 Program COUNT1D6

ANDa bunch of stéf we wrotealong the waybut may not have
included in the above pageScroll on down yonder and find a bunch
pages in somewhat harwscarum disorganization

PPP PPP

We think of them as &oll, Pick, and Ad@urriculum Constiction Kit
that YOUcan use to construct curricula that is the right stuff tOUR
students.

1 Next page: Appendix 1

1 Scroll down a few pages for Curriculum Construction Kit
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Appendixl Roll, Pick, and Adzame Play Sheetd[OC

Here there be Roll, Pick, and Add (RRAIB play sheets. You can usd¢usn play sheets for feweturn

games.You may edithese pages and create motkan 5turn play sheets. This page: play sheets with

1/3 inchrhigh rows. Next page: play sheets witR inchK A 3K NRBgad !t a>x ¢S R2yQi
row space and horizontal column space your students You may edit these play sheets and make

them just right for your students.

Supposeyouroh YR p @ L yoluink SavelpageflyritindR2h 30 Sh@! A sneaky way to
introduce ordered pairs?

Play Sheet for Roll, Pick, and Add Games

Turn| Rolldice Pick Add to score Score| Notes

0 Set the score to zero.

4

5

End of game
comments:

Play Sheet for Roll, Pick, and Add Games

Turn| Rolldice Pick Add to score Score| Notes

0 Set the score to zero.

4

5

End of game
comments:

60



Play Together, Learn Together PTLIRolIPickAdd-DiceGames

This PageRoll, Pick, and Add play sheets with 1/2 thalh rows. OKor your students to write their
rolls, picks, additions, and scores? If not, YOU can edit this page and make it for right for YOUR students.

Play Sheet for Roll, Pick, and Add Games

Turn| Rolldice Pick Add to score Score| Notes

0 Set the score taero.

5

End of game
comments:

Play Sheet for Roll, Pick, and Add Games

Turn| Rolldice Pick Add to score Score| Notes

0 Set the score to zero.

5

End of game
comments:

61



Play Together, Learn Together PTLIRolIPickAdd-DiceGames

This PageRoll, Pick, and Add X0rn playsheet with 1/3 inckhigh rows.

Play Sheet for Roll, Pick, and Add Games

Turn| Rolldice Pick Add to score Score| Notes

0 Set the score to zero.

9

10

End of game
comments:

Delayed gratificationgames Can playing games over several days help kids increase their attention
spans7Play a mamyurn gameone turn per day, or play a matiyrn games a feva few turns a dayjor
several daysor several weeks. A 180rn game 5 turns a week for 20 weeks?

Best ¢ you chose thegame and thdime interval.
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Appendix 2 T84 Program COUNT1D&(QC

T84 Program COUNT1D6 simulates rolling MEifhes and counting the frequency (number of
occurrences) of each possible outcome: 1, 2, 3, 4, 5, and 6. It displays the outcomes and their
frequencies, the sum of thd outcomes, and the mean outcome (sum of outcomé§./

We ran COUNT1D6 for a sampfes0 1D6 rolls. We went to the OUTCOME FREQ
PRGRM menu, selected COUNT1D6, and saw in the diNptay: 14
2 5
We entered 60 as the value bf waited untilthe Ty = WNZR f 3 10
60 times and collected the statistics we wanted. Presto! Soon V] g 13
6

=

saw the frequency distributn over yonder to your right. %1

PRESS ENTER

We copied the frequency table, pressed [Enter], and were

rewarded with the sum of the 60 outcomes and the mean Sum =

outcome. 203
MEAN ROLL

If we press [Enter] again, we can do all of the above again for t PRESS.?Si?I'sEss

same or a different value o\.

Scroll on down for T84 Program COUNT1D6.
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Tada, voila, looky hereProgram COUNT16.
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Program COUNT1D6

Lbl 1
ClrHome

Input "N = ?",N

For(1,1,6)
0- L1(D)
End

0- T
For(R,1,N)
randint(1,6) -
L1(+1 - L1()
T+l - T

End

ClrHome
Output(1,1,"OUTCOME")
Output(1,10,"FREQ")

For(1,1,6)
Output(l+1,4,1)
Output(1+1,11,L1(1))

End

Output (8,3, 0PRESS E
ClrHome

Disp fAiSUM ROLLS = #
Disp OMEAN ROLL = o
Output (6, 3, 0PRESS E

Pause
Goto 1

Notes

Label 1
Clear the disply

Input the number of rolls N

Set frequencieso 0
0- L1(2),L1(2),L1(3),LLHY(5).L16)

Set total sumTto O

Roll 1D6 N timeand update frequencies

Clear the display.
Display OUTCOME in row 1, col 1.
Display FREQ inrow 1, col 10

Display outcomes 1 to 6 and their frequencies L1
to L1(6)

Press Enter to getumand mean
Clear theDisplay
Displaythe sum and the mean of the N rolls

Display PRESS ENTER row 8, col 3
Go to label 1 when Enter is pressed.

PPP

This is the end of the eBodoll, Pick, and Add Dice GanteXxCEPfbr
Curriculum Construction Kineanderings in somewhat harustarum
disorganizatiorg beginning on the next page.

PPP
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Roll, Pick, and Add Curriculum Construction KR

218 o0l O]l 6KSYST Ay 2dNJ O2f dzYy @AugeSepbondissug @hes

Computing TeachdlCY, Bob & George wrote:

Curriculum Construction Setontain lots of parts, plus lotsf information on how you

PTLIRoIIPickAdd-DiceGames

canuse the parts to build your own customized curriculum. You can browse a Curriculum
Construction Set fathings that you can do in one or two class periods in a traditional math
or science course. You can also find more tooasuming activities, investigations, and
projects. You can use a Curriculum Construction Set to help build your own integrated
sciencecourse, or integrated math course, or integrated math/science course, et cetera, et

cetera. We've been developing and testing parts for many years, and will continue

indefinitely. Ultimately, we'll publish Curriculum Construction Sets HROM, video,

networks, and perhaps other med@anything but paper!

Laterwe changed 'Curriculum Construction Sets' to 'Curriculum Construction Kitsiame aboutthem

hither and yon

Imagine a place where teachers can find took®s to help them construct curricula that is the right
stuff fortheir studentsthis year, perhaps a tad different next year, constantly evolvirgth the help
of Curriculum Construction Kits as new students enter each year with different abilitee®l different

needs

Asweededi KA & S.2213 6S (K2dAa
G! KI Higl AdRS | £ 2dzRd a2 K& y2i

others can use tg well ¢ construct curriculum.

PPP

NonCommerciatShareAlikdicense.

S RAR y20 62N} Ayda2 GKS S.221 |
(above) down yonder as curriculum constiioct kit components that

Beginning on the next page and continuing down yonder are pages of g
left over when we wrotehis eBook Bewear errrors and mistrakes!!!

ThisFREEBook is publishednder a Crative Commons Attribution

You may give this eBodiee to anyone. You may use it in other ways
described ahttp://creativecommons.org/licenses/bync-sa/4.0l.

Ki a2 K

Ay Ot dzR

students, teachers, et al.

You may use material in this eBook (above and belov@uagculum
Construction Kittcomponents in curricula that you write and give freely {

PPP

Caution, caveatproceed readyto fixx errrors. The pages that follow are not well
organized and there may be mistrakes, erreesjlundurdancies and other types of glitches, garbles,
2dzyof Saz Si OSGOSNI3ZI Si OSGSNI © CSEYyourEtWE S (0 2
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

Roll, Pick, and Add Curriauh Construction Kit continued. Bewear mistrakes and errrors.

Table CCKO1 (Curriculum Construction Kit 01) displays the possible outcomes and their probabilities
when rolling 2D6 and picking the greater (or equal) die.

TableCCKO1Try for High. Roll 2D6 and pick the greater dieutcomes and probabilities
5AS mM@- k 1 2 3 4 5 6
1, 1/36 2,1/36 3,1/36 4, 1/36 5, 1/36 6, 1/36
2,1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
3,1/36 3, 1/36 3, 1/36 4, 1/36 5,1/36 6, 1/36
4, 1/36 4,1/36 4,1/36 4, 1/36 5, 1/36 6, 1/36
5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6, 1/36 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6, 1/36

OO |~ IWIN|F

How many ways to g&? We count 11. What is the probability of gettiéigy 11(1/36) =11/36.

The perfecD64-turn Roll, Pick, and Adtry for High game: Get6 every turn fod turns. Unlikely!
9 Final score4 turns times 6 per turn 24

What is the probability of playing4turn Try for High game and getting a 6 on every turn?

Probability of a 6 in turn 1 =1136.

Probability of a 6 in turn 1 and turn 2 =1(26)(11/36) = 121/1296

Probability of a 6 in turns 1, 2, and 3 4/@6)(11/36)(11/36) =1,331/46,656
Probability of a 6 in turns 1, 2, 3, and 4 = (1/36)(1/36)(1/36)(1/36,641/ 1,679,616

=A =4 =4 =9

What say we convert the above pratilities expressed dsolicsomefractions to decimal
FLIINBEAYIFGA2y A YR LISNOSyidl 3Sak hys ¢gSQtt R2 Al

Probability of a 6 in turn 1 £1/36 =0.306 = 30.6%

Probability of a 6 iturns1 and2 =121/1296 = 0.0934 = 9.34%

Probability of a 6 in tursil, 2, & 3=1,331/46,656 .0285=2.85%

Probability of a 6 in turell, 2, 3, & 414,641/1,679,616 = 0.00872 = 0.872%

= =4 =4 =4

The probability of playing aturn Try for High game and getg a 6 on every turn is 0.00872 or,
expressed as a percent: 0.872%. Less than 1%.

T ¢NRARO]l vdzSadAzy ImY LT @&2dz LXIFe& wmnn 3FYSasx gAfft
get a 6 on every turn?

| Trick Question #2: If you play 200 games, will & a G 2y S 3+ YS 6S | WLISNF S
get a 6 on every turn?
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RFA Curriculum Construction Kaontinued. Unedited ¢ errata may lurk

YourTurnThe least possible score i2B6 Go for Low game is 4&t@ 1 every turn). What is the
probability of playing a-4urn game and getting the least possible scot¢Complete Table CCK02, and
then calculate the probabilities.

TableCCKO02Go for Low. Roll 2D6 and pick the lesger equal) die
Outcomes and pobabilities shown as ordered pairsoutcome, probability
5AS mMQ@- K 1 2 3 4 5 6
1 1,1/36
2
3
4
5
6
91 Probability ofgetting1 in tum 1: Fraction Decimal Percent
1 Probability ofgettingl in turns 1 & 2: Fraction Decimal Percent
1 Probability of getting 1 in turns-3: Fraction Decimal Percent
1 Probability ofgetting1 in turns 14: Fraction Decimal Percent

Your TurnThe greatest possible score in-#usn Try for High Game is 30: g&every turn for 5 turng5

x 6 = 30)What is the probability of playing atérn Try br High game and gettingeédery turr®? In that
which followsP6 ¢ 0 Y S l-apilty of WollingR @6 and getting Q@ did the 1st two calculations
Please do the 3rd, 4th, and 5th calculatiovi&ite your answers as fcéions decimals, and percentages
as we do in BAnd 2.

1. P(6)inturn 1 = 11/36[° 0.306, 30.6% ]
2. P(6) in turnsl and 2 <(11/36) (11/36) = 121/1296° 0.0934 = 9.34%

3. FB)inturns 1, 2,and 3 =

4. P6)intuns1, 2,3,and 4 =

5. FB)inturns 1, 2, 3,,4and 5 =

Answers(fractions only)
3. P6)inturns 1, 2, and 3 = (11/36) (11/36) (11/36),331/46,656

4. P(6)inturns 1, 2, 3, ardl= (11/36) (11/36) (11/36) = 14,6411679,616
5. P6)inturns 1,2, 34, and 5 = (11/36) (11/36) (11/36) (11/3@)1/36)=161,051/60,466,176
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Play Together, Learn Together

PTLIRoIIPickAdd-DiceGames

RFA Curriculum Cortsuction Kit continued. Watch your steyg there may bepitfalls.

TableCCKB8 shows the probabilities in each turn gfeatestscoe 4turn and 5turn gamesYou and

your mathemagicians caguicklyconstruct a table for greatestscore 6turn game.

TableCCK®. ProbabilitiesPer Turn inGreatestswre 4-turn and 5turn Games
Greatest possiblescores: 24 in a-4urn game, 30 in a %urn game

4-turn game 5-turn game
P(6) inturn 1 11/36 11/36
P6) inturns 1 and 2 121/1296 121/1296

P(6) inturns 1, 2, and 3

1,331/46,656

1,331/46,656

P(6)inturns 1, 2,3,and 4

14,641/1,679,616

14,641/1,679,616

P(6)inturns 1, 2,3,4,and 5

161,051/60,466,176

Alasand oh heckwe haveplayed manyTry for High games arthveyet to rolla greatestscoreb-turn

game Soc alakazamk We wield our magc wand recently purchased in Diagon Alleyd bingforth a

possible, bubutrageouslyunlikely 5-turn Try for Higlgame.

TableCCKa. Alakazam! Magic Wandry for High Game; Turns
Turn| Roll 2D6 | Pick | Add to score| Score| Notes
0 Begin the game. Set the score to zero.
1 land 6 6 0+6=6 6 6 >1. Pick 6 and add it to the previous score.
2 2and 6 6 6+6=12 12 | 6 >2. Pick 6 and add it to the previous score.
3 3and 6 6 12+6=18| 18 | 6>3. Pick 6 and add it to the previous score.
4 4and 6 6 18+ 6 =24 | 24 |6 >4.Pick 6 and add it to the previous score.
5 5and 6 6 24+6=30| 30 |6 >5.Pick 6 and add ib the previous score.
Final Score: 30’he maximum possible score inadund Try for High game is 30.

What is the probability ofolling exactlythe game in Table CCK047?

= =4 -4

What is the probability of rolling 2D6 and getting a 6 every turn? Each turn get 6 on one die and

1, 2,34, 5, or 6 on the other die.

What is the probability of rolling 1, 6 in turn 1?

What is the probability ofolling 16 in turn 1 and 2,6 in turn 2?

What is the probability of rolling 1,6 in turn 1, 2, 6 in turn 2, and 3, 6 in turn 37?
Et cetera, et cetera.
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction Kit continued. Tread carefglbeware bogs and bogglements.
WeR A Ry QHio 2T3A3yt BB & Igterm@t We love the word.
1 bogglement n. an event, idea, alakazam, et cetera that boggles

Your TurnSuggestionsThingsyour studentsmightdo. See Appendig for play sheets.

f  Play1004-turn Try for Highgamesp t SNKI LJ&A 2y S 2 T greatdshstosd dzZRSy ia ¢
game in which a 6 occurs every tyScore = 24)We suggest teams of 2 or 3 students who take
turns rolling 2D6, recordinmirn scores on play sheets, and ensuring that ¢faene is played
fairly and the data can be trusteéflake afrequency distributiorand histogramof the scores.
We will be suspicious ¥ &2 dzNJ addzZRSyGa Nt Ylye WIANBIGSad

 Payl004turnD2 F2NJ [ 26 3 YSad t SNKI LA 202 NBty &2 deNd &
which a 1 occurs every tu®core = 4)We suggest teams of 2 or 3 students who take turns
rolling 2D6, reording turn scores on play sheets, and ensuring that the game is playecifarly
the data can be trustedMake afrequency distributiorand histogramof the scores.

1 Pay1004-turn Hit the Target gamewith the same target number. Some games will hit the
target, some games will be low by 1, some games will be high by 1, some games will be high by
2, some games will be low by 2, et cetera, et cetera. Makecaency distributiorand
histogramof the daf.

1 Play100 4turn Miss the Target games with the same target number. Some games will hit the
target (bad luck? bad play?), some games will be low by 1, some games will be high by 1, some
games will be high by 2, some games will be low by 2, et cetecateta. Make drequency
distribution and histogranof the data.

AbracabraDo all of the above for-furn games, &urn games, and moréurn games. Sighwe do not
have a classroom with a bunch of mathemagicidangky you. You can collect more datanhwe can
collect. Please post it on the Internet and tell us how to find it.

Scribbleideashere:
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction Kit continudsle alert for our addlements.
Roll, Pick, and Add Expected Values

We suggest gedanken experimen{(thought experiment)imagine rolling 1D6 (one fairféiced die)
6,000,000 timesnd counting the outcomes

1 Thought experimenhttp://en.wikipedia.org/wiki/Thought_experiment

Roll1D6 6,00,000 timesand countthe outcomesThe6 possible outcomearel, 2, 3, 4, 5, an@. The
probability of each outcome is 1/@light youexpectthat each outcomewill occurapproximately
1,000,000 time3

When we imagine rolling 1D6 6,000,000 times,expectto get:

1 approximatelyl,000,000 times
2 approximatelyl,000,000 times
3 approximatelyl,000,000 times
4 approximatelyl,000,000 times
5 approximatelyl,000,000 times
6 approximatelyl,000000 times

=A =4 =4 =4 -8 =9

Approximatelyl,000,000 times?

Is 1,000,001imes approximately 1,000,000 times? We thinkyes What do you think?
Is 999,993imes approximately 1,000,000 times? 2 SQf f o0dz2 Al® 52 @&2d

Is 1,010,000 times approximately 1,000,000 times 1,010,000 i4% more than 1,000,000
Is 99Q000 times approximately 1,000,000 times? 990,000 isl% less than 1,000,000

Is 1,500,000 times approximately 1,000,000 times We think not. What do you think!
Is 500,000 times appximately 1,000,000 times?  We think not. What do you think?

Ahoy Statistics Teachers and Students: YOU know afoumal,binomial,and
multinomialdistributions You know how to calculate the probability that an
outcome (for example,)loccurs, say, within 1% of 1,000,0@@es (990,000
to 1,010,000 times, inclusive).

We think we remember that you can use thmomial or multinomial
distribution to calculate this exactly or, because the sample size is large
(6,000,000 rolls), use the normal distribution.

PPP PPP

To do this, we would have to spend tonnes of time reviewing binomial,
multinomial, and normal distributions. Is this a Bob & Georgeaaf? We
prefer thinking of it as a Bob & Georgeapt. We ceopt YOU to do it.
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction Kit continueBdited only onceg please fixx our flubbs.

CGedanken experimentontinued Imagine rollindD6 6,000,000 times, adtthe outcomes, and then
dividingthat sumby 6,000,00Q0 get themean outcome per roll The posible outcomes are 1, 2, 3, 4,
5, and 6, so the mean outconper rollmust be a number between 1 and 6, inclusive.

When we imagine rolling 1D6 6,000,000 times,axpectto get:

LB Approximatelyequal to1,000000.
Susapgroximatelyequal to2,000,000.
Sud Epproximatelgqual to3,000,000.
SUB Epbroximatelgqual to4,000,000.
SUB Mpbroximatelgqual to5,000,000.
Sud Epproximatelgqual t06,000,000.

1 approximatelyl,000,000 times!
2 approximatelyl,000,000 times!
3 approximatelyl,000,000 times!
4 approximatelyl,000,000 times!
5 approximatelyl,000,000 times!
6 approximatelyl,000,000 times!

=4 =4 —a —a —a -
A< e ¢ Qe e ¢
A< ¢ < e e A

1 Add the approxhnate sums for the six outcome&um approximatelgqual to21,000,000.

Ahoy Statistics Teachers and Students: YOU know how to calculate the
P P P | probability thatthe sum of the 6,000,000 rolls is, say, within 1% of 21,000, P P P
(20,790,000 to 21,210,000, inclusive)

If the sum of the 6,000,000 rolls is approximately 21,000,8en the mean outcome per roll is
approximately equal to

1 (sum of the 6,000,000 rolls) / 6,000,000
1 approximately21,000,000 / 6,000,000 approximately3.5

Ahoy Statistics Teachers and Students: YOU know how to calculate the
probability thatthe mean outcome of the 6,000,0QD6 rollsis, say, within

1% of 1}he theoreticd mean of the possible outcomeand 9 the expected

Ah, we wish we knew what you know about probability and its many
distributions, especially normal, binomial, and multinomial.
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction Kit continudgidited a paucity of times find our flaws.

TableCCKB shows the 36 possible outcomes rolling 2D6 and picking the gréatequal)die, and the
probability of each 2D6 dice roll as an ordered pair: outcome, probalitismple: 1, 1/36

TableCCKB. Outcomes and Probabilities Rolling 2D6 and Picking thea®ar (or equal)Die
diem Qdie2- 1 2 3 4 5 6
1 1, 1/36 2,1/36 3,1/36 4, 1/36 5, 1/36 6, 1/36
2 2,1/36 2,1/36 3,1/36 4, 1/36 5, 1/36 6, 1/36
3 3, 1/36 3, 1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
4 4, 1/36 4, 1/36 4, 1/36 4,1/36 5, 1/36 6, 1/36
5 5,1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6/ 1/36 6, 1/36

What is the probability of rolling 2D6, picking the greater (or equal) die, and getting 1? We replicated
Table CCKO2elow, named it Table CCk@bandhighlightedthe one-and-only outcome that yields 1.

TableCCKO04L. Outcomes and Probabilities Rolling 2D6 and Picking the Greater (or equal) D
diem @die2- 1 2 3 4 5 6
1 1, 1/36 2,1/36 3,1/36 4, 1/36 5, 1/36 6, 1/36
2 2,1/36 2,1/36 3,1/36 4,1/36 5, 1/36 6, 1/36
3 3,1/36 3,1/36 3,1/36 4, 1/36 5, 1/36 6, 1/36
4 4, 1/36 4,1/36 4, 1/36 4,1/36 5, 1/36 6, 1/36
5 5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6/ 1/36 6, 1/36

The probability that theoutcome is 1 is 1/36. The only way to get 1 is to ralhboth dice[Trivia: In
the 2D6dice game known a&aps a roll of 1, 1 (1 on both dice) is calkathke eyes

1 Crapshttps://en.wikipedia.org/wiki/Craps

Probability event: Role 2D6 and pick the greater (or equal) die.
The probability that the outcome of therobabilityevent is 1 igqual to1/36.

1 Event (Probability Theoryittps://en.wikipedia.org/wiki/Event %28probability theory%29
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction Kit continugdh\OK to fixx ouflubbsl Yy R dza S WSY Ay @& 2dzNJ a

What is theprobability that the outcome is 2? Weplicated Table CCKO05, calle@able CCK@3, and
highlighted the outcomes thatield 2.

TableCCKOR. Outcomes and Probabilities Rolling 2D6 and Picking the Greater (or equal) D
diem @die2- 1 2 3 4 5 6
1 1,1/36 2,1/36 3,1/36 4, 1/36 5, 1/36 6, 1/36
2 2,1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
3 3,1/36 3, 1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
4 4, 1/36 4,1/36 4, 1/36 4,1/36 5, 1/36 6, 1/36
5 5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6/ 1/36 6, 1/36

Tada!There are three ways to get 2, so the probability of getting 2 is 1/36 + 1/36 + 1/36 = 3/36.

What is the probability that the outcome is 3? Yada, yadala.

TableCCKO8. Outcomes and ProbabilitieRolling 2D6 and Picking the Greater (or equal) Die
diem Qdie2- 1 2 3 4 5 6
1 1, 1/36 2,1/36 3, 1/36 4,1/36 5, 1/36 6, 1/36
2 2,1/36 2,1/36 3, 1/36 4,1/36 5, 1/36 6, 1/36
3 3,1/36 3,1/36 3, 1/36 4,1/36 5, 1/36 6, 1/36
4 4, 1/36 4, 1/36 4, 1/36 4, 1/36 5, 1/36 6, 1/36
5 5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6/ 1/36 6, 1/36

There ardive ways to geB3. The probability of getting is 1/36 + 1/36 + 1/36- 1/36 + 1/36=5/36
1. The probability ofetting 1 is 1/36.
2. The probability of getting 2 is 1/36 + 1/36 + 1/36 = 3/36
3. The probability of getting 3 is 1/36 + 1/36 + 1/36 + 1/36 + 1/36 = 5/36
Oh happy dayDo your students see a pattern emerging? We hope so.
1 What is the probability that the outsme is 4?

1 What is the probability that the outcome is 5?

1 What is the probability that the outcome is 6?
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction KjtYour students can do these probability alakazams.

Your TurnHere ae copies of Table CCKélled Table CCK@5Table CCKB5, and Table CCK@bIn
table CCKO04, highlightall occurrences of outcome th Table CCK&& highlightall occurrences of
outcome 5.In Table CCK&H highlight all occurrences of outcome 6.

TableCCKO&!t. Outcomes and Probabilities Rolg 2D6 and Pking the Greater (or equal) Die

diem @die2- 1 2 3 4 5 6
1 1, 1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
2 2,1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
3 3, 1/36 3, 1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
4 4, 1/36 4, 1/36 4, 1/36 4,1/36 5, 1/36 6, 1/36
5 5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6/ 1/36 6, 1/36

TableCCKO0%. Outcomes and Probabilities Rolling 2D6 and Picking the Greater (or equal) D

diem @die2- 1 2 3 4 5 6
1 1, 1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
2 2,1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
3 3, 1/36 3,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
4 4,1/36 4,1/36 4, 1/36 4,1/36 5, 1/36 6, 1/36
5 5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6/ 1/36 6, 1/36

TableCCKO0%. Outcomes and Probabilities Rolling 2D6 andkfig the Greater (or equal) Die

diem @die2- 1 2 3 4 5 6
1 1, 1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
2 2,1/36 2,1/36 3, 1/36 4, 1/36 5, 1/36 6,1/36
3 3, 1/36 3, 1/36 3, 1/36 4, 1/36 5, 1/36 6, 1/36
4 4, 1/36 4, 1/36 4, 1/36 4, 1/36 5, 1/36 6, 1/36
5 5, 1/36 5, 1/36 5, 1/36 5, 1/36 5, 1/36 6, 1/36
6 6, 1/36 6, 1/36 6, 1/36 6, 1/36 6/ 1/36 6, 1/36

What is the probability of rolling 2D6, picking the greater (or equal) die, and gd&ing
What is the probability of rolling 2D6, picking the greater (or equal) die, and gé&ing
What is the probability of rolling 2D6, picking the greater (or equial)ahd getting 6?
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Constructioritk; did we do some of these way up yonder? If yes, déja vu.
Roll 2D6Thissectionpresentstablesthat showv savorysnacks suchs

1 2D6possible outcomesThe whole shebang36 possible outcomes.

9 The probability of occurrence of ea2b6 outcome

1 2D6 possible outcomasith outcomes that include a designated number (1, 2, 3, 4, 5, or 6)
shown on agraybackground

f hiKSNJ H5c LINPOlIOAfAGASA GKIG ¢S O2dz Ry Qi

Ahoy Teacher, Challengeur students tacooperativelycreate the tables
PPP shown in thissection 6 teams? Team 1 highlights the outcomes thatincly P P P
1, Team 2 highlights the outcomes that includetcetera, et cetera

Notation: diel anddie2 are the two dice in a 2D6 rollhe aitcomeof a 2D6 rollsshown asan ordered
pair: diel, die2. If the outcome is 2 odiel and 5 ordie2, it is shown as 2, 5.

TableCCKO06. Roll ZDPossibleOutcomes(diel, die2)

diev die2 - 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 5,1 5,2 5,3 5, 4 55 5,6
6 6,1 6,2 6,3 6,4 6,5 6,6

TableCCKO7Roll 205: Probabilities of Possibl©utcomes(diel, die2)
Assumption: Fair dice The 36 outcomes are equally probable

diem die2 - 1 2 3 4 5 6
1 1/36 1/36 1/36 1/36 1/36 1/36
2 1/36 1/36 1/36 1/36 1/36 1/36
3 1/36 1/36 1/36 1/36 1/36 1/36
4 1/36 1/36 1/36 1/36 1/36 1/36
5 1/36 1/36 1/36 1/36 1/36 1/36
6 1/36 1/36 1/36 1/36 1/36 1/36
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction KjtAOK to usen stuff you write for your students.

It will be loverly if your students create their tablB€forethey castheir eyes upon our tables below.

TableCCKR8-1 PossibleOutcomesRolling 2Dgdiel, die2)
Outcomes that include Are shown on a gray background
del@ RAS 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 5,3 54 55 5,6
6 6,1 6, 2 6,3 6, 4 6,5 6,6

TableCCKO& PossibleOutcomesRolling 2Dgdiel, die2)
Outcomes that include are shown on a gray background

diel @ die2 - 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 5,3 54 5,5 5,6
6 6,1 6, 2 6,3 6,4 6,5 6,6

TableCCKO& Possible 2D®utcomes(diel, die2)
Outcomes that include 3 are shown on a griagickground.

diel @ die2- 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 5,1 52 5,3 54 5,5 56
6 6,1 6,2 6,3 6,4 6,5 6, 6
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RPA Curriculum Construction KjtAOK to usen stuff you write for your students.

We think it is good if your students create their tablagforethey look upon our tables below.

TableCCKO08&!} PossibleOutcomesRolling 2Dgdiel, die2)
Outcomes thatinclude 4 are shown on a gray background
diel @ die2- 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 5,3 54 55 5,6
6 6,1 6, 2 6,3 6,4 6,5 6,6

TableCCKO0& PossibleOutcomesRolling 2Dgdiel, die2)
Outcomes that include 5 are shown on a gray background

Diel- 1 2 3 4 5 6

5ASH
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 53 54 55 5,6
6 6,1 6, 2 6,3 6,4 6,5 6,6

TableCCKO0® Possible 2D@®utcomes(diel, die2)
Outcomes that include 6 are shown on a gray background.

diel @ die2 - 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 5,1 5,2 5,3 5, 4 5,5 5,6
6 6,1 6,2 6,3 6, 4 6,5 6,6
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RPA Curriculum Construction Kjiit is AOK to use our ramblings stuff you write for your students.

Questions

1.

2.

3.

Roll 2D6.

Roll 2D6.

Roll 2D6.

Roll 2D6.

Roll 2D6.

Roll 2D6.

Roll 2D6.

Roll 2D6.

Answers

1. Roll 2D6. What is the probability of gettingl ?11/36

What is the probability of getting a 1?
What is the probability of getting a 2?
What is the probability of giety a 3?
What is the probability of getting a 4?
What is the probability of gettinga
What is the probability of gettinda
What is the probability of getting a 0?

What is the probability of getting a 77?

[SeeC@Bled.]
[SeeTaKe.}
[See TableK0.]
[SeeTaKea!.}
[See Tall€K0&.]
[See Tall€KOSH.}
[Trick question #1.]

[Trick question #2.}

TableCCKO4.: 11 outcomes include 1. Number ofgsible outcomes = 36.

Roll 2D6. What is the probability of getting al2736

TableCCKO0&: 11 outcomes include 2. Number of possible outcomes = 36.

Roll 2D6. What is the probability of gettia 3711/36

TableCCKO8: 11 outcomes include 3. Number of possible outcomes = 36.

Roll 2D6. What is the probability of getting al736

TableCCKO08!: 11 outcomes include 4. Number of possible outcomes = 36.

Roll 2D6. What is the probability of gettingp211/36

TableCCKO0&%: 11 outcomes include 5. Number of possible outcomes = 36.

Roll 2D6. What is the probability of gettinggal11/36

TableCCKO®: 11 outcomes include 6. Number of possible outcomes = 36.

Roll 2D6. What is the probability of getting a®?
A D6 has 6 faces numbered 1, 2, 3, 4, 5, and 6. There is no face with the number 0.

Roll 2D6. What is the probability of getting al0r?
A D6 has 6 faces numbered 1, 2, 3, 4, 5, and 6. There isenwithcthe number 7.
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RPA Curriculum Construction Kjtet cetera, et cetera, et cetera.

We could not resist adding morgtuff about2D6 probabilities thasre not relevant to Roll, Pick, and

Addc unlessYOU change the rules. Iddas Roll, Pick, and Add variatians

1 If you roll doubles, yomayignore the outcome and roll agaiRoll 1, 1 in a Try for Higlame,
ignorethe rolland roll againRoll 6, 6 in a Go for Low gamgnarethe rolland roll again.
1 If you roll doubles, yomayaddthe sum of the dicef them to your score.Great for a Try for

High gamelf you roll 1, 1, which would you rather do: add the sum to your score, or ignore the

roll and roll again? If you roll 2, 2, which would you rather do: add the sum tosgoue, or

ignore the roll and roll again?

1 If you roll doubles, you may add tladsolute value oflifference of the dice to your scor&reat

for a Go for Low game.

1 If you roll doubles, you may add the algebraic difference (gregkessor OR lessergreater) to

your scoreNegative final scores are possible!

PPP Ahoy TeachefThe best variations are YOUR variations! PPP
TableCCKO%®ossible 2D®utcomes(Diel, Die2)
Doublesare shown on a gray background.
diel @ die2- 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 53 54 55 56
6 6,1 6, 2 6,3 6, 4 6,5 6, 6
Questions:

1. Roll 2D6. How many posshbutcomes are there?
2. Roll 2D6. How mamyutcomes are doubles?
3. Roll 2D6. What is the probability of rolling doulfles

Answers

1. 36 2. 6 3. 6/36
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Play Together, Learn Together PTLIRoIPickAdd

RPA Curriculum Construction KjtHey, we just thought of more 2D6alakazans!

DiceGames

Roll 2D6. What is the probability that themsiof the dice is a prime numbe¥¥hat say teams your

investigators wok cooperativelyto find the 2D6 rolls in Table CCK10 for which the sum
is a prime numbebeforethey peek at ouiTable CCK10A?

1 Prime numbers: 2, 3, 5, 7, 113, et cetra

of the two dice

TableCCK1@®ossible 2D®utcomes(diel, die2)
Add the two dice.Which sums of théwo dice are prime numbers?
diem ¢ie2- 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 5,3 54 55 5,6
6 6,1 6, 2 6,3 6, 4 6,5 6, 6

We did it. Wecopied Table CCK10 and highlighted 2D6 sums that are prime numigeas;

TableCCK18 Possible 2D®utcomes(diel, die2)

Add the two dice.Sums othe dice that are prime numbers are shown on a gray backgrou
diem de2- 1 2 3 4 5 6

1 1,1 1,2 1,3 1,4 1,5 1,6

2 2,1 2,2 2,3 2,4 2,5 2,6

3 3,1 3,2 3,3 3,4 3,5 3,6

4 4,1 4,2 4,3 4,4 4,5 4,6

5 51 5,2 53 5,4 55 56

6 6,1 6,2 6,3 6,4 6,5 6, 6

Questions:

1. Roll 2D6. How many possible outcomes are there?

2. Roll 2D6Add the two diceHow many2D6 dice sumare prime numberg

3. Roll 2D6. What is the probabilitizat the sum of the two dice is a prime numizer
Answers

1. 36 2. 15 3. 1536

80




Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction Kjtwe love prime numbers.

Here again is TableCK10

TableCCK10 Possible 2@itcomes(diel, die2)
Add the two dice. Which sums of the two dice are prime numbers?

diem die2- 1 2 3 4 5 6
1,1 1,2 1,3 1,4 1,5 1,6
2,1 2,2 2,3 2,4 2,5 2,6
3,1 3,2 3,3 3,4 3,5 3,6
4,1 4,2 4,3 4,4 4,5 4,6
51 5,2 5,3 54 55 56
6,1 6,2 6,3 6,4 6,5 6, 6

OO |~ W|IN|F

Questions

What is the probability that the sumf the two diceis the prime numbeR?
What is the probability that the sumf the two diceis theprime number 3?
What is the probability that the sumf the two diceis theprime number 5?
What is the probability that the sumf the two diceis theprime number 7?
What is the probability that the sumf the two diceis the prime number 117?
What is the probability that the sumf the two diceis the prime number 13?
What is the probability that the sum of the two dice is the prime number 17:

Noo,swdhpE

Suggstions:

Make copies of Table CCK10. @nreteams of investigator€Give each teansevencopiesof Table
CCK1Gwumbered 1 through 6Each team:

1 On copy #1, lghlight the outcomes for which the sum of the dice is the prime numbgvI2at
is the probabiliy of getting 2?

1 On copy #2, highlighthe outcomes for which the sum of the dice is the prime number 3. What
is the probability of getting 3?

1 On copy #3, highlighihe outcomes for which the sum of the dice is the prime number 5. What
is the probability ofetting 5?

1 On copy #4, highlighhe outcomes for which the sum of the dice is the prime number 7. What
is the probability of getting 77?

1 On copy #5, highlighthe outcomes for which the sum of the dice is the prime number 11. What
is the probability of geting 117

1 On copy #6, highlighhe outcomes for which the sum of the dice is the prime number 13. What
is the probability of getting 13?

1 On copy #6, highlight the outcomes for which the sum of the dice is the prime number 13. What
is the probability of geting 13?
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RPA Curriculum Construction Kjtand the beat goes o new ideastrigger more new ideas

Roll 2D6. What is the probability that the sum of the dice is a composite numimelthieé 2D6 rolls in
Table CCK1fbr which the sum of the two dice &scomposite number.

1

Compogte numbers: 4, 6, 8, 9, 10, 174, and so on.

TableCCK1Possible 2D®utcomes(diel, die2)
Add thetwo dice. For which rolls is the sum of the dicecampositenumbers?

diem die2- 1 2 3 4 5 6

1,1 1,2 1,3 1,4 1,5 1,6

2,1 2,2 2,3 2,4 2,5 2,6

3,1 3,2 3,3 3,4 3,5 3,6

4,1 4,2 4,3 4,4 4,5 4,6

51 5,2 5,3 54 55 56

OO | WIN|EF

6,1 6,2 6,3 6,4 6,5 6, 6

Questions

NN

What is the probability that the sum of the two dice is a composite humber?
What is the probability that the sum of the two dice is the composite humber 4?
What is the probability that the sum of the two dice is the composite humber 6?
What is the prohbility that the sum of the two dice is the composite number 8?
What is the probability that the sum of the two dice is the composite number 9?
What is the probability that the sum of the two dice is the composite number 10?
What is the probability thathe sum of the two dice is the composite number 12?
What is the probability that the sum of the two dice is the composite number 14?

Suggestions:

Make copies of Table CCK11. Convene teams of investigaiveseach teameight copies of Table
CCK11, nubered 1 through 8. Each team:

)l
T

1

On copy #1, highlighhe outcomes for which the sum of the dice is the composite number 4.
What is the probability of getting 4?

On copy #2, highliglihe outcomes for which the sum of the dice is t@mpositenumber 6.
What is the probability of getting 6?

Et cetera, et cetera for composite numbers 8, 9, 10, 12, and 14.

The teams present their results and compare their results with the results of other teams.
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RPA Curriculum Construction KjtPrime numbers? Composite numbers? What say other numbers?

Roll 2D6. What is the probability that the surintloe two dice is an odd number?

TableCCK12Possible 2D®utcomes(diel, die?)
Add the two dice.Which sums of the dice aredd numbers?
diel @ die2- 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 5,3 54 55 5,6
6 6,1 6, 2 6,3 6, 4 6,5 6, 6

Roll 2D6. What is the probabilitiiat the sum of the dice is an even number?

TableCCK12 Possible 2[&itcomes(diel, die2)
Add the two dice. Which sums of the dice are odd numbers?
diem die2- 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6
2 2,1 2,2 2,3 2,4 2,5 2,6
3 3,1 3,2 3,3 3,4 3,5 3,6
4 4,1 4,2 4,3 4,4 4,5 4,6
5 51 5,2 5,3 54 55 5,6
6 6,1 6, 2 6, 3 6, 4 6,5 6, 6
Questions:
1. Roll 2D6. How many possible outcomes are there?
2. Roll 2D6. Add the two dice. How many 2D6 dice sums are odd numbers?
3. Whatis the probability that the sum of the two dice is an odd number?
4. Roll 2D6. Add the two dice. How many 2D6 dice sums are even humbers?
5. What is the probability that the sum of the two dice is an even number?
Answers
1. 36 2. 18 3. 18/36
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RPA Curriculum Construction KjtTriangular numbers are among our favorite things.
Roll 2D6. What is the probability that the sum of the two dice is a triangular number?

1 Triangular numbers: 1, 3, 6, 10, 15, ...

TableCCK14ossible 2D®utcomes(diel, die2)

For each outcome, add the dice. Whicblls havesumsthat are triangular numbers?
diem de2- 1 2 3 4 5 6
1 1,1 1,2 1,3 1,4 1,5 1,6

2 2,1 2,2 2,3 2,4 2,5 2,6

3 3,1 3,2 3,3 3,4 3,5 3,6

4 4,1 4,2 4,3 4,4 4,5 4,6

5 51 5,2 5,3 54 55 5,6

6 6,1 6, 2 6,3 6, 4 6,5 6, 6

Questions:The 1st triangular number is 1; the 2nd triangular numbé&; ithe 3rd triangular number is
6; the 4th triangular number is 10.

What is the 5th triangular number?

Roll 2D6. Hownany possible outcomes are there?

Roll 2D6. Add the two dice. How many 2D6 dice sumgiargularnumbers?

Roll 2D6. What is the probability that the sum of the two dice tisangulamumber?
Roll 2D6. What is the probability that the sum of the dgthie 1st triangular number?
Roll 2D6. What is the probability that the sum of the dice is the 2nd triangular?
Roll 2D6. What is the probability that the sum of the dice is the 3rd triangular?
Roll 2D6. What is the probability that the sum of the dicés4th triangular?

Roll 2D6. What is the probability that the sum of the dice is the 5th triangular?

POONOO LN

0.
Answers

1. 36 2. 10 3. 10/36
Hey! Invent more 2D6 probability alakazams.
Roll 2D6: What is the probability that the sum of the dice is greater than 0?
Roll2D6. What is the probability that the sum of the dice is less than 137

Roll 2D6. What is the probability that the sum of the dice is greater than <your number>?
Roll 2D6. What is the probability that the sum of the dice is your favorsitiggit number?

= =4 =4 =N

Etcetera, et cetera. Creating, contriving, inventing dice experiments is a-‘eedéng adventure.
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TableCCK%. Roll 2D6: Probabilities of Possib@utcomes(diel, die2)
Assumption: Fair dice The 36 outcomes are equally probable
diev de? - 1 2 3 4 5 6
1 1/36 1/36 1/36 1/36 1/36 1/36
2 1/36 1/36 1/36 1/36 1/36 1/36
3 1/36 1/36 1/36 1/36 1/36 1/36
4 1/36 1/36 1/36 1/36 1/36 1/36
5 1/36 1/36 1/36 1/36 1/36 1/36
6 1/36 1/36 1/36 1/36 1/36 1/36

Now wemakeassertions(also calledtlaimg about 2D6 outcomes and probabilities

1 AssertionDictionary.comhttp://dictionary.reference.com/browse/assertiofnoun]
9 Assert: Dictionary.corhttp://dictionary.reference.com/browse/assert?s$terb]
1 Claim: Dictionary.corttp://dictionary.reference.com/browse/claim?sfhoun or verb]

Bob & George assertions (claims) based on Taglk®. Which assertions are trué®hich are false?

Roll 2D6. There are 35 possible outcomes, and 11 of ihaw®mes include 6

Roll 2D6. There ares®ossible outcomes, and2bf these outcomsinclude6.

Roll 2D6. There are 36 possible outconza®l 11 of these outcomes includé.

Roll 2D6. There are 36 possible outcomes, and 12 of these outcomes include 6.

=A =4 =4 =9

Probability of rolling 2D6 and getting 6 = 11/35.
Probability d rolling 2D6 and getting = 2/35.
Probabilty of rolling 2D6 and getting = 1136.
Probability of rolling 2D6 and getting 6 = 11/36

=A =4 =4 =4

Ahoy Teacher, YOU can contrive many more sets®ftions¢ some true, some
P P P | falsec basedon Table CCK15 another table in this Curriculum Construction k P P P
or ¢ bestc tables or other thingamajigs that you create.

Scribble your ideas
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The pobability of rolling 6 and getting 6 is 11/36Do you agree? If not,
PPP please assume that the probability is 11/36 and continue. Then editallbg P P P
according to the probability that you believe in.

Roll 2D6 four times. What is the probability of getting a 6 on all four rolls?

1 Probability of rolling 2D6 four times and getting a 6 on all four rolls:
Probability = (11/36)(11/36)(11/36)(11/36) = 14641/1679616 [Approximately 0.0087 or 0.87%)]

Theprobati A G & 2 F LX) I-@rk JhFor HighWade g GeGidigeveryiturn i©.0087 (0.87%),
a little less than 0.01106). Ifyour students play 100 games, theyght nail one or none or more than
oneperfect gama. The more games thgylay, the mordikelythey will enjoya perfect game

Your Turnwhatis the probability of playing attirn game and getting 6 every turn (score = 30)?

Answer(11/36)(11/36)(11/36)(11/36)(11/36% (11/36) = 161,051/60,466,176
Approximately0.002660r 0.266%

Alas, to experience a perfecitbrn game your studentamighthave to play hundredshousands of
gamesg unlessthey are verylucky. We will love it if youstudents playhundreds of gamedhousands of
gamesand grabperfect 4turn or 5turn or moreturn games.

Suppose you have 20 studeriisyour classroond R2 y Qi &CGrgdmizé theimknioéndeams with
two students in @ach team. Spend one class per{®@ minutes?)gathering data by playing Roll, Pick,
and Add Try for High-#urn or 5turn games.

Might grabbing data by playing games be more interesting to students tha
the data presented in textbooks? When they play a gaimey own thedata.
They created the data by playing the gamdey can calculate statistics on
ppp |theirdata.We thinka great way to learn statistics is: PPP

1 Paygames, grab data, and calculatatistics such as mean, median,
mode, 1st quartile, 3rd quartile, maximum, minimum, range, standz
deviation, et cetera, et cetera.
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RPA Curriculum Construction KjtWe waved our magic wand andontrived unlikely games.

Table CCKal Incredibly lucky 41 dzNJ/ ¢ NB  F2 NJ | A Jge ébhtrwé&ddi. 5A Ry Qi

Table CCK1Roll, Pick, and Addry for High IncrediblyLucky Gamécontrived)

Turn

A W N R

diel, die? Pick | Addto score| Score| Comment by GameMaster
0 Score begins at zero (0)
: 6 0+6=6 6 Add pick to previous score.
3 6 6 6+6=12 12
6 6 12+6=18 18
4 6 6 18+6=24| 24 | Highest score possible in 4 turns

What is the probability that thgamein Table CCKImight occurexactly as shown?

=A =4 =4 =9

What is he probability thatturn #1 is 62 (diel = 6,die2 = 2)?
What is he probability that turn #2 is 3, @ligl =3, die2 =6)?
What is the probabilitghat turn #3 is 6,6 (diel = 6,die2 =6)?
What is the probability that turn #4 is 4, 8i€¢1 =4, die2 =6)?

1 What is the probability that turn #1 is 6, 2 AND turn #2 is 3, 67

1 What is the probability that turn #1 is 6, 2 AND turn #2 is 3, 6 AND turn #3 is 6, 67

1 What is the probability that:
turn #1 is 6, 2 AND turn #2 is 3, 6 AND turn #3 is 6, 6 AND turn #4 is 4, 6?

a2 NB WYLISNFas & i60rither diel ordie2 every turn.

= =4 =4 =4

Turn 1:diel =6 andlie2=1, 2, 3,4,5 1,2,3,4,5
Turn 2:diel =6 andlie2 =1, 2, 3, 4,5, or 6 @2 =6 andliel =1, 2, 3, 4, 5, or 6.
Turn 3.diel =6 andlie2 =1, 2, 3,4,5 1,2,3,4,5
Turn 4.diel =6 andlie2=1, 2, 3,4,5 1,2,3

, or 6 Q2 = 6anddiel =

, or 6 @2 = 6 andliel =
, or 6 Q2 =6 andliel =

What is the probability that this game might happen?

PPP

Ahoy Teacher, If we were on a team to create math standards, we would |
for probability and statistics beginning in K or 1 as one of the most imports
and useful math topics favely grade level. As you go through life, you are
bombarded by data, data, and data. How do you choose the better choice
Know and apply your knowledge of probability and statistics.

PPP
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Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction KjtRoll, Pick, and Add variatiorfer you & your students to explore.

Instead of 2D 6, play with  polyhedral dice . Look for them at

1 Dice https://en.wikipedia.org/wiki/Dice#Polyhedral_dice

Instead of 2D6, use 2D4 (2 tetrahedral dice, each numbered 1to 4).

Instead of 2D6, use 2D8 (2 octahedral dice, each numbered 1to 8).

Instead of 2D6, use 2DD (2 digit dice, each numbered 0t09). [We did this way up yonder ]
Instead of 2D6, use 2D10 (2 decahedral dice, each numbered 1 to 10).

Instead of 2D6, use 2D12 (2 dodecahedral dice, each numbered 1to 12).

Instead of 2D6, use 2D20 (2 icosah edral dice, each numbered 1to 20 ).

Use a number line to keep score

At the beginning of a game, put a token on zero (0). Each turn, move the token to the new
score. In a multiplayer game, give a number line to each player

[N g [E—— y — CTm— Y/ S 5
0 0 0 0 0 0

Try for High. Turn Xoll 3, 5. Pick 5.

SN U — y J— c J— / — 5
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RPA Curriculum Construction KjtPlayRoll, Pick, and Addsing base 10 blocks and a number line

We think that 1stgraders can play Roll, Pielad AddTry for High and Go for Low gamesng mental
arithmetic orpaperand-pencil arithmetic. Othey canuse baselO blocks to calculate and keep track of
scores. Or use bask) blocks and number line b keep score.

Play Roll, Pick, and Add, have fun, reinforce learning howdigitthumbers and adding adigit
number to a 2digit number

Table CCKATry forHigh with Basel0 Blocks andNumber Line

Base 10ocks Base 10 blocks Score
1. Roll 6 & 4 Pick6é [T 7T 7T 717 11 6
2.Roll1&5 Picks [TTTTTTTTT1TT1|[221 11
3.Roll3&4 Pickd ([T T TTTTTTTTZZTT1T 111 15
4.Roll 3& 2 Pick3 (T TTTTTTT1TT1TTZZTT1T 1717111 18
0----- 0---- 0--- 0-- 0---—---
6 1 11
1 58
TableCCK& Try forHigh with Basel0 Blocks andNumber Line
Base 10 locks Base 10 blocks Score
1.Roll4&3 Picka [T 7T 7 1 Tiad 4
2.Roll3&4 Pickd [T T 1T 1T 171711 TT 17171777070 8
3.Roll2&2 Pick2 [T T T T T T 11T 11|22 10
4.Roll 4 &5 Picks [TTTHHTTTTT|ZZT T 111 15
QS TSN T U U ——
4 81 1
0O 5

89



Play Together, Learn Together PTLIRolIPickAdd-DiceGames

RPA Curriculum Construction KjtPlayRoll, Pick, and Addsing base 10 blocks and a number line

Table CCKO Try forHigh with Basel0 Blocks andNumberLine

Base 10Blocks Base 10 blocks Total

1.Roll1&5 Pick5 [T T 1T 1T 1 TTT1717 5

2.Roll 6 &2 Pick6 [ TTTTTTTTT1TT1|221 11

3.Roll4 &1 Pick4 (T T T TTTTTTTTT0T TW\ZZ 017 17 17 11 15

4.Roll 6 &6 Pick3|[T T TTUHTTHNTTW|Z2Z2Z2ZZ 1 21
0---- 0----- 0--- 0--- -0-- -

Ahoy 1stgrade Teacher
Are Roll, Pick and Add Try for High and Go for Lovegappropriate for 1sgradersaVe think yes.
At the start of the game, before rolling dice, set your scoregm. [Do 1sgraders know about zero?]

Try for High: If the numbers on two dice are unequal, pick the greater number.
Try for High: If the numbers on the two dice are equal, pick either number.

=a =

Go for Low: If the numbers on two dice are unequal, gieklesser number.
Go for Low: If the numbers on two dice are equal, pick either number.

= =4

Math words: equal, unequal, greater, lesser

9 After picking a number, add it to your score. [Math skills: adgiigit numbes, add a digit
number to a 2digit number.]

What do you think about using base 10 cubes and rods to calculate and keep track of scores?

What do you think about using number linesdalculate and keep track of scores?
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RPA Curriculum Construction KjtPlay Roll, Pick, and Add using leas0 blocks and a number line.

Roll, Pick, anddd Hit the Target is higherlevel game than Try for High or Go for Low.

Table CCRO 4-turn Hit the TargetGamewith Base10 Blocks andNumber Line Target = 16
Hoped for turn scores: 4, 8, 12, 16

Base 1®locks Base 10 blocks Total
1. Roll & 5 Pick5 [T T 17 71 TTTaT 5
2.Roll6 &1 Pickl [T T T T 717 TT 7T 6
3.Roll3&5 Picks [T T TTTTTTT1221 11
4.Roll 6 &3 Pick3 [T TTTuHi1umniumimviumlz2z1 17

Final score = 17. Missed the target (16) by 1

4 4

0= 80— O --0m --— -
56 1 1
1 5

Ahoy 1stgrade Teacher,
Is Roll, Pick and Addit the Target appropriate for 1gfraders?
What do you think about the following strategy for Zgtaders?

4-turn game, arget = B. Grab 16basel0 cubes.
Arrange the 6 basel0 cubes in 4 groups (4 turns) witlhe same number of

cubesin each groupAbracadabra! There a#cubes in each group. We AAAA

would like to get & every turn. Desired turn score4; 8, 12, and 5. Ifyour
students play many-urn games, they will probably discover that getting a AAAA
every turn in a 4urn game is unlikely, so it might be good to adjust their
strategy after each turn.

If you rollI3and5in turn 1, which do you pick? If you pig@kyour turnl score will be low by 1; if you
pick5, your turnl score will be high by 1. Tuéhstrategy depends on yoturn-1 pick If they roll3 and
5in turn 1, will 1stgrade students picR more frequenty? Or pick more frequently? Or picRor 5
GAGK | 02dzi SljdzZf FNBIdzSYyOASaK 2SS R2y Qi 1y260
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Hit the Target Burn game strategy for 1ggraders?

5-turn game, target = 20. Grab 20 bad€ cubes. AAAAAAAAAA
Arrange the20base10 cubes irb groups b turns) withthe same number of o
cubesin each groupAlakazam! There are 4 cubes in each group. We would | m
to get a 4 every turn. Desired turn scores: 4, 8, 12, 16,24n If yourstudents ARAR
play many 8&urn games, they magliscover that getting 4 every turnin a 5turn  AAAA
gameisveryunlikely, sat might be good taadjust their strategy afteeachturn. AAAA

If your turn4 score is 16 and your twroll is 3 and 5, which do you pick? If you pick 3, your final score
will be 19, 1 less than the target; if you pick 5, your final score will be 21, 1 greater than the target. Will
1st-grade students pick 3 moregiquently, or pick 5 more frequently? Or pick 3 or 5 with about equal
FNBI|jdzZSyOASaK 2SS R2yQil 1y260e

Yep, we choseélas the target for a4urn Hit the Target game becausé it divisible by 4. Another
target might be 2 (12/4 turns =3/turn). We chose 20 as the target in adn Hit the Target game
because 20 is divisible by 5 (20/5 turns = 4/turn). Another targdt®rbgame: 15 (15/5 turns = 3/turn).
For a 6turn game for 1sigraders, we might choose 18 (18/6 turns = 3/turn) or 24/ turns = 4/turn)
as the target number.

What if your students figure out (yeah!) the desired score at the end of each turtum45-turn, or

more-turn games? Bravo! Challenge them to calculate the desired score at the end of each turn for, say,
a4-turn game with target = 14, or atbirn game with target = 18, arbest! ¢ Yourgame. You chose the
number of turns and the target number. Your students figure out the desired dice roll each turn, and the
desired score at the end of each turn.
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We think a great way to learn statistitss play games, collect data, calculate statistite played 12 Try
for High games shown on this and the followpage, and then calculated statistics.

Roll, Pick, and Add Try for High Roll, Pick, and Add Try for High
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 2 2 2 2 1 5 2 5 5
2 3 2 3 5 2 5 1 5 10
3 4 6 6 11 3 1 2 2 12
4 1 2 2 13 4 3 1 3 15
5 3 2 3 16 5 2 5 5 20
Score =16 Score = 20
Roll, Pick, and Add Try for High Roll, Pick, and Add Try for High
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 3 5 5 5 1 2 6 6 6
2 1 3 3 8 2 6 5 6 12
3 4 6 6 14 3 3 4 4 16
4 3 2 3 17 4 3 5 5 21
5 6 3 6 23 5 5 6 6 27
Score = 23 Score = 27
Roll, Pick, and Addry for High Roll, Pick, and Addry for High
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 5 3 5 5 1 2 1 2 2
2 5 3 5 10 2 6 1 6 8
3 1 3 3 13 3 1 5 5 13
4 4 2 4 17 4 3 6 6 19
5 5 6 6 23 5 6 6 6 25
Score = 23 Score = 25
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Roll, Pick, and Addry for High

Turn Roll 2D6 Pick | Score

0

1 1 3 3 3

2 5 6 6 9

3 4 2 4 13

4 3 5 5 18

5 5 3 5 23

Score = 23

Roll, Pick, and éd Try for High

Turn Roll 2D6 Pick | Score

0

1 2 5 5 5

2 2 3 3 8

3 4 2 4 12

4 2 6 6 18

5 3 1 3 21

Score =21

Roll, Pick, and Addry for High

Turn Roll 2D6 Pick | Score

0

1 6 6 6 6

2 2 5 5 11

3 5 2 5 16

4 3 1 3 19

5 5 1 5 24

Score =24

Roll, Pick, and AdTry for High

Turn Roll 2D6 Pick | Score

0

1 6 5 6 6

2 6 5 6 12

3 1 2 2 14

4 3 3 3 17

5 6 3 6 23

Score =23

Roll, Pick, and Addry for High

Turn Roll 2D6 Pick | Score

0

1 1 5 5 5

2 5 3 5 10

3 5 6 6 16

4 1 6 6 22

5 4 6 6 28

Score = 28

Roll, Pick, and Addry for High

Turn Roll 2D6 Pick | Score

0

1 4 6 6 6

2 4 2 4 10

3 1 3 3 13

4 4 6 6 19

5 6 2 6 25

Score =25

Scores for 12 TFH games: 16, 20, 23, 27, 23, 25, 23, 21, 24, 23, 28, 25.

What is the least score?
What is the range?

What is the mean score per gar(ile2 games)
What is the mean score per turn (60 turns)?

What is the greatest score?

What is the mode?

What is the median score per garn(i2 games)
What is the median score per turn (60 turns)?

Oops. We are near the end of this page? Quartiles, anyone?
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Try for High sores, in order of appearance: 16, 20, 23, 27, 23, 25, 23, 21, 24, 23, 28, 25
Scores, in numerical order from least to greatest: 16, 20, 21, 23, 23, 23, 23, 24, 25, 25, 27, 28
Minimum score: 16

Maximum score: 28

Range: 2§ 16 =12

Median: (23 + 23)/2 23

1st Quartile: (21 + 23)/2 = 22

3rd Quartile: (25 + 25)/2 = 25

Sum of scores: 16 + 20 + 21 + 23+ 23+ 23+ 23 +24 + 25+ 25 + 27 + 28 = 278
Mean score per game: 278/12 = 23.2

Mean score peturn: 278/60 = 4.63

=4 =4 =4 =8 - -8 -8 -8 9

Difference ofsamplemean scoreer turnfrom theoretical mean/expected value:
1 Algebraic difference: Sample meatheoretical mean/expected value4:63¢ 4.47 = 0.16
i Relative difference: 0.16/4.47 =(0358
9 Percen difference; 0.35& 100% = 3%

Primitive histogram Frequency Distribution
Score Frequency
16 X 1 16 1
20 x 1 20 1
21 x 1 21 1
23 xxxx 4 23 4
24 X 1
25 xx 2 24 !
25 2
27 X 1
28 x 1 21 1
28 1

We did not calculate the standard deviation of 1) the sangbl&2 scoregnd 2) the estimate of the
standard deviation of the populatioof all possible scores

9 Standard Deviatiohttps://e n.wikipedia.org/wiki/Standard deviation

12 Try for High games is a small sampgleu and your inveigatorscan contrive a sapie of many more
Try for High games. 100 games? More games?
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Your TurnOn this page and the next page are play sheets of 12 Go for Low games. Calculate statistics
as we did for the 12 Try for high gamgsyonder

Roll, Pick, and Ado for Low Roll, Pick, and Ado for Low
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 4 3 3 3 L 1 3 L 1
2 5 3 3 4
2 3 3 3 6
3 5 3 3 7
3 1 1 1 7
4 5 3 3 10
4 4 6 4 11 5 5 3 3 13
5 4 6 4 15 Score =13
Score = 15 —
Roll, Pick, and Ad&o for Low Roll, Pick, and Ad&o for Low
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 6 4 4 4 1 3 4 3 3
2 4 5 4 8 2 2 3 2 5
3 3 4 3 11 3 1 2 1 6
4 3 2 2 13 4 6 2 2 8
5 4 4 4 17 5 3 2 2 10
Score =17 Score = 10
Roll, Pick, and Ad&o for Low Roll, Pick, and Ad&o for Low
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 6 3 3 3 1 1 5 1 1
2 1 4 1 4 2 3 2 2 3
3 6 3 3 7 3 4 1 1 4
4 1 6 1 8 4 6 3 3 7
5 2 1 1 9 5 3 3 3 10
Score =9 Score =10
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Roll, Pick, and Ado for Low Roll, Pick, andAdd Go for Low
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 2 3 2 2 1 1 3 1 1
2 3 3 3 4
2 3 6 3 5
3 2 1 1 5
3 3 1 1 6
4 4 5 4 9
4 6 5 5 11 5 > 3 > 11
5 1 6 1 12 Score =10
Score = 12 —
Roll, Pick, and Ad&o for Low Roll, Pick, and Ad&o for Low
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 4 5 4 4 1 4 3 3 3
2 6 1 1 5 2 3 3 3 6
3 2 3 2 7 3 3 5 3 9
4 3 1 1 8 4 5 3 3 12
5 1 6 1 9 5 4 3 3 15
Score =9 Score =15
Roll, Pick, and Add: Go for Low Roll, Pick, and Add: Go for Low
Turn Roll 2D6 Pick | Score Turn Roll 2D6 Pick | Score
0 0
1 4 6 4 4 1 2 6 2 2
2 2 1 1 5 2 4 2 2 4
3 6 4 4 9 3 2 2 2 6
4 1 2 1 10 4 5 1 1 7
5 3 3 3 13 5 1 6 1 8
Score =13 Score =8

Calculate statisticsminmum score maximum score, range, modmedian, 1st quartile, 3rd quatrtile,
sumof scores, mean score per game, mean score per turn.

Make a histogram and frequency distbution.
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On this and the next page are 12 Hit the Taggnes, 5 turns, target = 20.

Roll, Pick, and Add: Hihe Target (20) Roll, Pick, and Add: Hihe Target (20)

Turn Roll 2D6 Pick Score Turn Roll 2D6 Pick Score
0 0
1 3 1 3 3 1 3 4 4 4
2 6 1 6 9 2 5 2 5 9
3 5 6 5 14 3 4 5 4 13
4 2 5 2 16 4 1 5 5 18
5 3 6 3 19 5 3 3 3 21
Score =19. Missed target by 1. Score = 21Missed target by +1

Roll, Pick, and Add: Hihe Target (20) Roll, Pick, and Add: Hihe Target (20)

Turn Roll 2D6 Pick Score Turn Roll 2D6 Pick Score
0 0
1 2 5 5 5 1 2 6 6 6
2 6 4 4 9 2 1 2 2 8
3 3 4 3 12 3 2 2 2 10
4 1 2 2 14 4 6 6 6 16
5 2 3 3 17 5 2 5 5 21

Score = 17. Missed target b@. Score = 21. Missed target by +1.

Roll, Pick, and Add: Hit Target (20) Roll, Pick, and Add: Hit Target (20)

Turn Roll 2D6 Pick Score Turn Roll 2D6 Pick Score
0 0
1 4 4 4 4 1 5 4 4 4
2 2 3 3 7 2 6 5 5 9
3 5 2 5 12 3 3 4 3 12
4 5 5 5 17 4 3 2 3 15
5 5 5 5 22 5 1 4 4 19
Score = 22. Missed target by +2. Score = 19. Missed target by.
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Roll, Pick, and Add: Hit Target (20)

Turn Roll 2D6 Pick Score
0
1 5 1 5 5
2 2 6 2 7
3 3 1 3 10
4 3 5 5 15
5 6 3 6 21

Score = 21. Missed target by +1.

Roll, Pick, and Add: Hit Target (20)

Turn Roll 2D6 Pick Score
0
1 5 3 5 5
2 5 2 2 7
3 1 5 5 12
4 6 1 6 18
5 1 2 2 20

Score = 20. Hit the target.

Roll, Pick, and Add: Hit Target (20)

Turn Roll 2D6 Pick Score
0
1 1 3 3 3
2 4 3 4 7
3 3 4 4 11
4 2 5 5 16
5 3 6 3 19
Score = 19. Missed target by.

Roll, Pick, and Add: Hit Target (20)

Turn Roll 2D6 Pick Score
0
1 1 5 5 5
2 5 3 3 8
3 6 1 6 14
4 4 2 2 16
5 1 6 6 22

Score= 22. Missed target by +2.

Roll, Pick, and Add: Hit Target (20)

Turn Roll 2D6 Pick Score
0
1 2 5 5 5
2 4 3 3 8
3 1 6 6 14
4 3 2 2 16
5 4 5 4 20

Score = 20. Hit the target.

Roll, Pick, and Add: Hit Target (20)

Turn Roll 2D6 Pick Score
0
1 6 2 6 6
2 1 6 1 7
3 4 4 4 11
4 4 1 4 15
5 1 1 1 16

Score = 16. Missed target by.
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Hit the Target data: 12 Burn games, target = 2Mere there besome of ourstatistics

HTT, 5 turns per game, target = 20. Scores:

19 2117212219212019222016

Distance of score from target, algebraic: -1 +1 -3+1+2 -1+10 -1+20 -4
Distance of score from target, absolutevalu¢ 113121101204
In our 12 Hit the Target games:
1 We hit the target two times
1 We missed the target by 1 six times.
1 We missed the target by 2 two times.
1 We missed the target by 3 one time.
1 We missed the target by 4 one time.
What saywe contrive a frequency distribution to display the data? Sure, here it be:
Distance Frequency Experimental probability
Fraction Decimal Percent
0 2 2/12 =1/6 0.167 16.7
1 6 6/12 =1/5 0.500 50.0
2 2 2/12 =1/6 0.167 16.7
3 1 1/12 0.083 8.3
4 1 1/12 0.083 8.3

Your TurnCalculate statistickor our 12 Hit the Target Games, such as:

1 Minimum distance of score from target, maximum distance of score from target, and range.

1 Mode, median, 1st quartile, and 3rd quartile of the data.
1 Mean of theabsolute value of the distance of the score from the target.

Please do not be limited by our scarcity of suggestitios. and your students can go beyond the things
we suggest.

Alakazam! Up, up, and away!

Our sample size is small, only 12 games. You and your studenggataa much larger samplens of
games, hundreds of gamegeah!

PPP

Play games, grab datealculate statisticsDown yonder are play sheets.

PPP
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Play Roll, Pick, and Adaylect data, calculate statistics. Here are play sheets fmrd gamesSure,
you can use them for leghan-5-turn games.

Turn Roll Pick Score Turn Roll Pick Score
1 1
2 2
3 3
4 4
5 5
Turn Roll Pick Score Turn Roll Pick Score
1 1
2 2
3 3
4 4
5 5
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Here there be play sheeter more-than-5-turn gamesEditthem to suit your fancy.

Turn Roll Pick Score Turn Roll Pick Score
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Janug§ TOC

Janus i® Roman god. He has two faces. One face looks forward, the other backward.

1 Janusttps://en.wikipedia.org/wiki/Janus

What month is named after Janus?
Look backward athis eBook.

1 Paged-64comprise the eBook we almost postédstead of this eBookMuch editedg we
hopewe caught most of the bogglementSood news: YOWNnd your studentgan find and fix
any mistrakes we missed.

Thenwe thod K (i £ & a A 3 K (i thosd pags édbe of 8@ sérReone, even only one someone?

Weincluded our meanderings beyond page 65 and call ti@nriculum Construction KitSome of the
contert of the CCK pageppears irthe first part of this eBook, pagesgé. Most do not.

We are not fans of the CommdPore math standardsttp://www.corestandards.org/Math/ One size
FAGA FffEK b2 gled 2SS KAyl AlG ¢2dfdR 06S 3I22R AT Wb
be loverly if:

School districtsgounties, cities, towns, villages had more control of math curricula.

The Federal Government (the Fed) had less control of math curricula.

The Fed funds copious research in the hope of finding stuff that works.

Copious research finds stuff that works. Texl publishethree or moresets of math
standards, quite different from one another.

1 The Feds publish three or more sets of standards, suggests themobsihot mandatethem.
Aha! Choice in the land of the free and the home of the brave.

=A =4 =4 =4

Our fantasy: Every year, teachers browse the publishedsagdestednath

standards and create the best standards for their students that year. PPP

PPP

2SS R2y Qi KI@S ff GKS G22ta FyR G28a S ySSR G2 O
CommonCore math standards. And, alag S I A y Q {If realyiwould fexpatzi tofill our fantasies,

we would like to be part of a team that creates math standards that fegboobability and statistics

from K 1, 2, 3up , up, and away! Among the tooladatoys would be games, games, games! As you

meander through life, and make multitudes of decisions that influence your future, a deep

understanding of probability and statistics will serve you well. We have much more to say about this,

0 dzi 0 K I (s@ey fol ayichér KngeNJ

P P P The endc of the beginningP P P
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