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Background/History
NCTM Standards: Include the

Probability and Data Analysis Strands
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Wild & Pfannkuch, 1999: PPDAC

Based on analysis of the work of their applied
statistician colleagues

Statistical Enquiry Cycle
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The Practice of Statistics
GAISE (2007) — “statistical problem solving”

Guidelines for

Assessment and Instruction

© in Statistics Education (GAISE) Report
A PRE-X-12 CURRCULUM FRANEWORY

Formulate Questions -
Anticipating Variability;
Collect Data -
Acknowledging Variability;
Analyze Data - Accounting
for Variability;

Interpret Results - Allowing
for Variability.

ASA, 2007, Franklin, et al.



Poster in a Primary Classroom

4 steps to making decisions with data

4. Make decision

3. Analyse data

2. Collect data

1. Pose question



The Big |deas of Statistics at School

INFORMAL INFERENCE

DISTRIBUTION RANDOMNESS

VARIATION EXPECTATION

Interrelated Big Ideas underlying statistics

Top Drawer Teachers, <topdrawer.aamt.edu.au/Statistics/Big-ideas>



Importance of Context:

There is no statistics without context.

(Rao, 19795)
Importance of Variation:

The abillity to deal intelligent

y with

variation and uncertainty is the goal of

instruction about data and c
(Moore, 1990)

Importance of Uncertainty:

nance

Decisions about populations based on
samples are never totally certain (Makar
& Rubin, 2009, top of pentagon)



Educational Research at School
and the Practice of Statistics

*Building a foundation in early grades:
Variation! (Grade 3)

And Learning PPDAC/GAISE
iInvestigative cycle and completing an
investigation (Grade 5)

*Resampling for Informal Inference
(Grade 10)



Making Licorice Sticks (Grade 3)

* Make by hand — 8 cm long, 1 cm diameter, weigh
and record mass.

* Make with a Playdoh “extruder” factory, 8 cm long, 1
cm diameter, weigh and record mass.
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Making Sticks with a Machine
(Playdoh Factory)
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Comparing Results

... and Making Predictions




Comparing Results
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Evaluating Evidence
List any differences between the two plots

*The ones that we made with our hands were
very different but the ones the machine made
were a little bit different.

*One was in between 10g and 16g and the other
was in between 6g and 28g. The machine is
more accurate.

*There are more different weights in the
handmade one. Most people have 14g on the
machine-made one. Nobody on the machine-

made one had 5g and one person on handmade
did.



Evaluating Evidence
List any differences between the two plots

*The handmade is like a city with homes
spread out and factory-made is the same
except the factory-made is with tall buildings,
not many but tall buildings.

14 is more common in machine-made.

*Handmade is like a city but machine-made is
ike a tower.

*Factory-made had a larger typical number.
Hand-made had more variation in their mass.




... Recall 4 months later

¢) Sketch two graphs to show the data we collected. psoasont
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That factory made is more
squished together and hand-

made Is spread out.



... Recall 4 months later
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The factory made licorice
sticks had less variation than
hand-made ones.
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Data in TinkerPlots

o0e ©)| Licorice_Data.tp

= = W% = =

Cards Table Plot Sampler Text

S A A R
-

e iz
T Method | Mass <new>|
O case 1 of 570 ][ ] ——
[ Attribute Value Unit |For... 1 |Handmade | 5
[l Method Handmade Q 2 |Handmade | &
L l<newat I | [E— 10
This lesson was intended to introduce data collection andthe = 3 |Handmade | 10
foundational concept of variation. 6 |Handmade 11

In Grade 4 students learned how to plot the
Licorice data in TinkerPlots.

Link to TinkerPlots




The Practice of Statistics
In Grade 5

Twice around the Enquiry Cycle

Students had had 3

Statistical Enquiry Cycle activities in Grade 4:
P,;'m\  Problem Posing (in the
") o playground)
—\ / « Variation (measuring
?—Bl Ll arm length)
e e — * Modelling Uncertainty

(tossing two coins)



CONTEXT
The Australian Curriculum
Cross-Curriculum Priority: Sustainability

The Sustainability priority provides
the opportunity for students to
develop an appreciation of the
necessity of acting for a more
sustainable future and so address
the ongoing capacity of Earth to
maintain all life and meet the
needs of the present without
compromising the needs of future
generations. (ACARA, 2017)




The Practice of Statistics
In Grade 5 — Question

“Are we Environmentally
Friendly?”

Plan data collection.

Collect data from the class.

Analyse the data.

Draw a conclusion for class.

Ask about all of Australia.

Collect random sample from large “population”.
Make a decision for Australia.
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Survey questions from the ABS

Census@School site

Am I environmentally friendly?

Yes

No

Our household has a water tank.

I take shorter showers. (4 mins max)

I turn the tap off while brushing my teeth.

I turn off appliances (e.g., TV, computer, gaming
consoles) at the power point.

My household recycles rubbish.
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Students have to decide criteria:

Percentage “yes” for 5 questions for the
class to be environmentally friendly.

Student A:

My rule is 3/5 50% environmentally friendly-ish
as | believe all questions are of equal value.

Student B: My criteria:
1. Water tank: 50%
2. Showers: 60%
3. Brushing: 70%
4. Electricity: 90%
5. Recycle: 100%



One classroom’s results




Collect Data

Cl f Stud A and B ii%%ﬂﬂ
ass or Students A an * 202 2221
RARR ARRA
Yes Yes
Am I environmentally friendly? Total %
Our household has a water tank. 10 38.5
I take shorter showers. (4 mins max) 14 53.8
I turn the tap off while brushing my teeth. 23 88.5
I turn off appliances (e.g., TV, computer, 4 15.4
gaming consoles) at the power point.
My household recycles rubbish. 21 80.7
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Analyse Data and Draw a Conclusion

Use the percentages and their criteria to
decide if class is environmentally friendly.

Student A: Our class is environmentally friendly-ish
because 3/5 of questions are over 50% and that is
my criteria.

Student B: Our class is not environmentally
friendly because only one question reaches our
benchmark. Even though our criteria is harsh
rubbish dumps are nearly full and we don’t have
that much land.



Pose the question for all of Australian
Year 5 students

Collect a random sample the same size as the
class from a “population” of 1300 Year 5
Australian students.

WaterTank ShorterShower TapToothBrushing PowerOff RecycleRubbish

1300 cases, 5 attrs.

» Cals 5ol e e Sn ¥y A s N ¥ AAN
e x X v TRy
e Y

2

O S O oy Teled ‘_(n ﬂ‘. Ol v 3 B
Draw Sasaasiads R R R Jassd
g s L OO Y COOORPE T CETORE T Laddaannan: ey
. A’: v e oy : » ¢ : o ~
iy BTy iaisbasttstatisteniaibinaee
- A 3 Sasmeaas “u s
R R R
H¥EH
Mixer Stacks Spw:t Bars Curve Counter
o 5 = o o & 2
Results of Sampler 1 Options =
WaterTank | ShorterShower | PowerOff |TapTo..., RecycleRubbish
1|/ || | | [ | ]
1 |[No Yes Yes 'No Yes .
2 |No No Yes Yes Yes
3 |No Yes Yes Yes No
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Example: Student A

Results of Samp... outions ~ | Results of Samp...

~ | Results of Sampler 1 ogtions ~ ||
20- 42% 58%

” _ 20- 38% 62% _ - 12%
§ i S ) gg S 20-
S 8 e 8
A N Nt
0- 0- B8 | &8 0> 000
Yes  No No  Yes No
WaterTank

ShorterShower TapToothBrushing
"Q_)l | Circle lcon ‘:! ﬂ _] [ Circlelcon |3 2]

Results of Sampl... options ~

Results of Sampler 1 ogtions ~

S 3% 69%

- - 58%
§ 15 _E PV § 15 %
o - o
o 88| B %
No Yes

Yes
PowerOff Water‘l'ank

E [ circlelcon  13) j E [ crcelcon |3 j

Student A: Make a decision for Random Sample:
They are environmentally friendly. Please refer to my
criteria for reason. [3/5 over 50%]

Student A: Certainty for the population? The sample
IS too small to conclude with the numbers.
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Example: Student B

Results of Sampler 1  ogtions ~

Results of Sampler 1  options ~ | Results of Sampler 1 options =

58% 30- 459  85%
E 15 E % : %
- - = -
o [~ [~
(3] [+] [+]
% % 0- Soo 0- oo
Yes No Yes Yes
WaterTank ShorterShower TapToothBrushmg
Q,‘ Circlelcon |3 === _] _| Circleleon |3 == _] _| ) == j
Results of Sampler 1 options ~ | Results of Sampler 1 ions '~
18-_ 54% 46%
E 12- £
= z =
0- 0- QOO
No Yes Yes
PowerOff

RecycIeRubblsh
W 0 Q] Ceeen ) i

Student B: Make decision for Random Sample: They
are not environmentally friendly since they all didn’t
satisfy our criteria. [Water, 50%; Showers, 60%; Brushing,
70%, Electricity, 90%, Recycle: 100%)]

Student B: Certainty for population? Not very. This is a
small sample and is not a representation for all students. .,



“Repeated Random Sampling in Grade 5”

JEuEn o HE e WS S a6 R R

QJ B roctest Optiors ™
Popusation1200 ) RecycleRubbish
Repeat WaterTank ShorterShower TapToothBn —— C—
2% == : .
1 | es NO 4Y .HO |
‘ , 2 ‘ch Yes Yes |No Yes
i 4 |No No Yes [No |ves
-1 43 J 5 |No Yes No Yes ves
6 Yes Yes Ye Yes Yes
i :] _I _, i.] _] :ﬂ e — Nn. N N N
Results of Sampler 1 Optons ' | Results of Sampler 1 Ostons = | Results of Sampler | Optors ™ | Resuts of Sampler 1 Ogtors ' [ Resuits of Sampler 1 Optors ¥
< 21% 73% 15% 85% 42% 58%
e - 2 w 15-
% ¥ : . @
o = o b
v > o L
0- 980 @ m o8 | o Beo 0 %
Ye ] es NG
Rocy cleRu bbl n wmﬂ' I( sn rterShower TapToothBrushing PowerOft

Q] (croeren @) == B [Q] [ _crcekon 18} =O=F| Q][ croron i) == F| Q][ croeron ) =D F| Q][ crcerm ) =0

2017 Best Journal of Statistics Education Paper —
Watson and English (2016, 24:1) — Predicting
population values from repeated random samples.
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“Repeated Random Sampling in Grade 5”

JEuEn o HE e WS S a6 R R

QJ B roctest Optiors ™
Popusation1200 ) RecycleRubbish
Repeat WaterTank ShorterShower TapToothBn —— C—
2% == : .
1 | es NO 4Y .HO |
‘ , 2 ‘ch Yes Yes |No Yes
i 4 |No No Yes [No |ves
-1 43 J 5 |No Yes No Yes ves
6 Yes Yes Ye Yes Yes
i :] _I _, i.] _] :ﬂ e — Nn. N N N
Results of Sampler 1 Optons ' | Results of Sampler 1 Ostons = | Results of Sampler | Optors ™ | Resuts of Sampler 1 Ogtors ' [ Resuits of Sampler 1 Optors ¥
< 21% 73% 15% 85% 42% 58%
e - 2 w 15-
% ¥ : . @
o = o b
v > o L
0- 980 @ m o8 | o Beo 0 %
Ye ] es NG
Rocy cleRu bbl n wmﬂ' I( sn rterShower TapToothBrushing PowerOft

Q] (croeren @) == B [Q] [ _crcekon 18} =O=F| Q][ croron i) == F| Q][ croeron ) =D F| Q][ crcerm ) =0

2017 Best Journal of Statistics Education Paper —
Watson and English (2016, 24:1) — Predicting
population values from repeated random samples.
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Evaluating Evidence
Using TinkerPlots in Grade 10
An 8-lesson Unit

* Lesson 1: TinkerPlots Basics and Football

* Lesson 2: Introduce the Sampler and “toss” dice

* Lesson 3: Dividers, percent, and tossing 10 or 30 coins

* Lesson 4: The History tool and modeling the One-son Problem
* Lesson 5: Sampling from a finite population, the First Fleet

* Lesson 6: Introduce resampling, comparing two groups:
memorizing nonsense and meaningful words

* Lesson 7: Use resampling for a 2-way table: swimming with
dolphins

* Lesson 8: Assessment: Deciding if group differences in reaction
times are ”significant” or not.
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 Data cards and basic plots

Australian venomous snhakes

(O case 10f21 ¢

[ Attribute Value Unit
[l ] Genus Acanthophis
[l | Species antarcticus
[ | Name Death adder
[ LD50 0.400 mg/kg
[ ] Antivenom Death adder
[ Length 0.8 m
[ I] Danger very dang...
[ Venom_yield 70 mg
[l Fang_length 6.2 mm
[} Year_antivenom 1958
[ 1] Birth free

16

[l Number_young

Options ~ |

Lesson 1:
TinkerPlots Basics and Football

Prime Ministers of Australia Options =
(O case 30 of 30 »
[ Attribute Value
[ Number 30
[l ] Surname Morrison
L ] First_Name Scott
[} Year_First_Took_Office 2018
[l Age_Took_Office 50
[ Months_Served
[ ] Political_Party Liberal
[} Party_Type Right
[} Birth_Place Sydney
[ Birth_Year 1968
[ Birth_Month May
[l Age_at_Death
[ Times_PM 1
[] Reason_Left_Office
[(lI] Avocation Managing d..
[l Number_of_Children 2
[ Height 182.0
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Options ~

count
N
|

o- OO © @@ i
jg{j 06 08 10 1.2

Q0@ @ e
14 16 18 20 22 24 26 28
Length (m)

Circlelcon | 3] = ---“ & H T

Australian venomous snakes Options '~
free
£ 0 @ @ @ 0 @
=
eggs @ z
O 9 O O .
06 08 1.0 18 20 22 24 26 *
Length (m)
6] oeeen 1) —0— " i8] 6] 7] 1 1B I
S e o e e
= Vvery dangerous .
> @ @ © @ 10 @ @
[\]
a dangerous
O o © o O O
06 08 10 12 14 16 18 20 2.2 24 26 28

Length (m) 37
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Which team is Rugby League and which is

Australian Rules Football?

110 - o®

=2
-

EI

100 - 1ir"' o
90 - ) ;,ji

80 -

704 @
170 175 180 185 190 195 200 205
ht_cm

6 oen 1) 5~ " ] ] 1 )
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Options ~

8

Lesson 2:
Introduce the Sampler and “toss” a die

Results of ...

1 ®
( 1 X 2 % 3 4 5 )
CELL
Mlxer Stacks Splnner Bars Curve Courte |
@ BT Fastest Options =
== D )
Repeat = Die_1
3000
Dr1aw - fj\)
wu2¢3_4_a
 "mEE |
Mixer Stacks Spmner Bars Curve Counte
o =8

Options ~

N N O W o

Results of...

Options '~

O -

Results of Sampler 1 Options "~
10-10% 13% 13% 27% 23% 13%
E .
o 9 '
o -
888881
1 2 3 4 5 6
I Die_1 |
‘ [ ciclelcon 3] + [ > | -m
Results of Sampler 2 Options =

500_16% 16% 1 17% 18% 17%

b= -
= =
S :
0_ i i '
1 2 3 4 5 6
| Die_1 |
[ Circle lcon }—6‘1—.— > --E]
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Lesson 2:
Use the Sampler to “toss” 2 dice

Inspect Sampler

Samp... Result

(] Separated Values

X Joined Values (Join)
X Sum of Joined Values
(] Combinations of Joined Val
(] Count '?" in Joined Values

| His...

[] Single Value
Mlxer Stacks Spmner Bars Curve Coum D Run Length across repetltlo

Tl M immime M va v ae o8I ool
of ﬁ % ﬂ ﬂ J 2| [Delete &l Cases | |Delete All Resutt Attributes |

‘r; 3333333333333 133333333333 3433 3333333433 333334333931
4333333 ...n..........n..n................n................,.V.,..n............_

Of 53 ik Results of Sampler1 Opfions |
Join
[ ]
10 (2,6
11 |3,2
12 |5,1
13 (43 | 77[ Circle Icon




Lesson 2:
Use the Sampler to “toss” 2 dice

of Sam... Options ~
Repeat .
3600
1996 |55 10
Ay (e) 1997 |4,1 5
| (1 )X(2)@)4)(5) 1998 (2,2 4
amEs 1999 (2,6 8
Mixer Stacks Spinner Bars Curve Counte
« SEVEEE e 4|

I

Results of Sampler 1 Options *

600—3% 6% 9% 11% 14% 17% 14% 11% 8% | 6% 3%

:=400—

°200—
o-g ¥ i

2

3 4 5 6 7 8 9 10 11 12
Sum

@ [ Circle lcon F'%] | g @ m @ y

b E7




Lesson 3:
The “Hospital” problem with coins

Ted and Jed are each tossing a fair coin.
Ted tosses his 10 times and Jed tosses his
30 times. Which one of them is more
likely to get more than 60% heads or do
they have the same chance? Explain why.




Inspect Sampler

< Sample... i His...| R Options
R(:ggat HIns LN Ti"’lZl Separated Values (Time1,Time2 | Join Time1 Ti
e e [ Joined Values (Join) ) =l e
| [J Sum of Joined Values ———
D N [J Combinations of Joined Value 97 |HHHH,...H H
i Count 'H' in Joined Val |
10 Ecwnt 1 0 EDee plies 98 [H,TH,T,... H T
" | | == ount '?' in Joined Values |
R i T 99 |[THHH,.T H
 ®mEm  |UISingle Value 100 [HT.TH,.. H T
| Mixer Stacks Spiner Bars curve | [] Run Length across repetitioni_
o ﬁ ﬂ ﬂ ﬂ A_ Delete &l Caseé] | Delete All Result Atributes | | |1 |
Results of Sampler; -
Ted
30 - 27
20 - O E @
10- O H E l 7,
-0 B B B . G @ ,
2 3 4 5 7 8 9
Count_H 4

: @[ Circlelcon [ 3] —;EI | “

43



Inspect Sampler

Sampler Options IS el Results of Sampler 2 Options '~
| [ Separated Values Join | Count_H |<ne

(X Joined Values (Join) I || I Ia_

[J Sum of Joined Values

7 'D'raw , [1 Combinations of Joined Values 97 |THTT... 16
‘ BJ Count 'H' in Joined Values 98 |H,T,T,T.... 14

30 /ji| il !
™y L1 Count '?" in Joined Values 99 |[T.THH.... 12
CEEL] [ Single Value 100 HHTT,... 10

Mixer Stacks Spnner Bars Curve Coute: ] Run Length across repetitions
of ﬁ @ ﬂ ﬂ g Delete Al Cases | | Delete All Resut Attributes | ' '

Results of Sampler 2 Options =
20 - i

10

T
19 20

10 -

0-8
10

count

Jed

@
P 1O

—
—

; . [ Circle lcon @ @
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Inspect Sampler

LelEN Results of Sampler 3 Options ~

) ] Separated Values (Time1,Time2 Join Time1 Ti
~ X Joined Values (Join) |

(J Sum of Joined Values | =
[] Combinations of Joined Value 97 [H,T,TH....
10 (4 Count 'H' in Joined Values 98 |HTTT..
. LS Count '?' in Joined Val
{Hjn‘fT} [] Count '?' in Joined Values " 90 |HTHH..

EEELE [1Single Value 100 [TTHH,..
Mixer Stacks Spinner Bars cuve| [ Run Length across repetitionﬁ_ |

» =8 = @] il A; (Delete All Cases | IDeIete.Ail Resul Alirbutes '|. '

Results of Sampler 3 Options '~

30- 85 15 Ted
20t
' 88 J

5 6 7 8
Count_H

. [ Circle lcon @ —;'ﬂ . '

(x|
— =

count

. )

(e

A -
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Inspect Sampler

Options ~

e - Sampler Options Result Attributes Hist... of Sampler 2 Optionis =
Repeat  Time1 Time2 Time3 []Separated Values =0in
/A (X Joined Values (Join) | .
' [J Sum of Joined Values

| / Dr aw (] Combinations of Joined Values 97 |[THHT.... 17
" T30 X Count 'H' in Joined Values 98 |[HHTH,... 18

; '|:||'i'| [J Count '?" in Joined Values 99 [T.T.T.T... 15

Mixer Stacks Spinner Bars ~Curve Courts [ ] Run Length across repetitions i
o ﬂ : — - |Delete All Cases | | Delete All Resutt Attributes | L]

Results o

20 - 58 T
Jed g
0-O O ¥ & o € @ X
8 9 10 11 12 15 16 17 18 19 20
A [ ciclelcon 4] = f“; " 7217 L
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Lesson 4.
One-son problem (Konold, 1994)

* Some years ago, to limit population growth, the
Chinese instituted a “one-child” policy.

* The policy was unpopular because of the desire for
the child to be a son.

e Qver time this has resulted in an imbalance of
gender: fewer girls.

* What if couples were allowed to have children until
they had one son?

* Would the population explode? Would there be a
different imbalance? Too many girls?



One-son problem (Konold, 1994)

* Hypotheses expressed as questions based on the
mathematics involved:

1. What would the average number of children be in
a family?
2. What would be the ratio of births of girls to births
of boys?
* Assume gender of a baby is a random phenomenon.
Only single births are considered.

* The Sampler in TinkerPlots simulates births based on
the binomial model with p=Y.

* The pseudo-random design of the Sampler provides the
variation required for answering each of the questions.



. Inspect Sampler

'M Result Attributes | History Op. . TETAT T L e St e Lt
e T b T | “ Medium ﬂpﬂr.ms-' ’ ,- - r
j B Replace Result Cases ER == esults of Sampler

— Child
Separate Joined Values with | |Reset | Repeat Child :
‘ s ? R
: () Repeat Until Pattern Matched [ ] Any Order 1
| Draw _ 2 B
. 1 T ' '
(@ Repeat Until Condition B (6 !
Child = "B~ -
el | EEEE
O Repeat 5 Times Mixer Stacks Spinnet Bars Curve Cou
: | — ki £ -]
i o ¢ = 0 ikl & 5

* Set up Sampler with B and G in Mixer, set Draw to 1 and
label Attribute “Child”.

* Under Sampler Options in the Options menu
(upper right corner), choose “Repeat Until
Condition” and insert, Child = “B”. Click Run

once. O

Results of Sampler 1 Options =

2

* Drag down a Plot for the Results.

_Q}J | cCiclelcon |51 :l




il i e T Tl B e b e S i
Results of Sampler 1

2
Q
. FIIIIIEIE S e
pler 1 Options ¥ Hislnnr afRasuﬂ;s nfsamPlE”
- count_ <new>
Q_][ crceicon 3] 2 [ ] | .
" Separate Tool
Reposition Tool 1 2

Drag Value Tool
Add Case Tool O
Drawing Tool

Eraser Tool .

Brush Tool

+ History [/ Collect Statistics Tool

* Click on the History button in the menu below the plot.
* A grey box appears around the number displayed.

* Double click on the box to create a History of Results of
Sampler 1 table recording the count from the plot.

* Cha nge Collect fleld to 199 'f;‘i':‘ijf_ii‘i:’:’;3:"3fi3f3£:’3f_:'f‘:':i";’t_i-fi'i:'.‘f:'ifii‘.‘i:":’i:"fi'f;ii'i’i'ifiiffgiffffifffi
. ory of Re of Sample Collect |19
for a total of 200 “births”. | e L
] |
1 2

oU



comt_ | « | 200 sizes of families
O
193 1
194 . * Drag down a plot &
195 3 and then drag
e ! count_ from . -
- g History of Results &
199 , of Samples 1 to o ®
200 ' the horizontal axis.
| %
0-4 59
count
100 - 96| 61| 30| 13| 4| 2| 2| 2 ?_Ql!i— croeton 1) == » El:lj
80 -
£ 60:
2 w-f Drag and stack to bins
20 -

i . for family size to first
Hoooo boy. Bins show
3 4 5 6 7 B8

count_ number of each size.
g‘ll Circle lcon ﬂ N _!J_ﬂj }




History of Results of Sampler 1 Options ™'

100- 200
80-
£ 60-
b= |
b 40-
20-
' Another sample
0 ® 0 O
f AQ 01 ! é 7 é History of Results of Sampler 1 Options '~
coun_t_ 2 200
Q) [ croecon ) == » =Y 100-Q
© 50-FE
°  E
@
1 8 9 10

| ( Circle lcon
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Lesson 5:
Sampling from a Finite Population

* The “population” for Lesson 5 is data for all 780 convicts
who were transported to Australia in the First Fleet.

* One purposeful sample is the “Friendship” with 86
convicts.

* One variable, “Value_of crime_shillings” has a skewed
distribution with mean value 72.23 shillings. Is it
representative of the entire Fleet?

86
g8 o o é

T

%%

SRS

© 4 CELCTTRTE L CTCT L

T T 1
zud 300 400 500 600 700 800 900
Value_of crime_shillings

Bl [ circieicon ) =0 [N 6 IS P 0 R .



Lesson 5:
Sampling from a Finite Population

e Again using the History feature to collect the means
from 50 samples of size 86 from the entire Fleet, for the
variable “Value_of crime_shillings”, it is seen that this
variable, the “Friendship” is typical of the Fleet.

History of Results of Sampler 1 Options ™

722
[
50

oooo% %@&[@%m co om o e

I I
40 5 2 3809 120 130 140

mean Value

Q_),f Gircle lcon | 3] == ‘|*|¢|'|‘|5|H|j
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Lesson 6:
Resampling to consider the difference in medians

* Experiment in class: Is it easier to memorize
meaningful or nonsense 3-letter words?
(Shaughnessy, Chance, and Kranendonk, 2009)

* Students devised experiment given 20 meaningful 3-
letter words (e.g., DOG, CAT) and 20 nonsense words
(e.g., ATC,ODG): Working in pairs with timers, they
had 2 minutes to memorize the words and then 1
minute to write down as many as they could
remember (checking at the end). Half of the class
started with meaningful words and the other half
started with nonsense words. Each student then had
two data values to report.
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Question: Is it easier to remember
meaningful or nonsense words?

* Class data from one Grade 10 class.
* How unusual is the difference?

Honsense oo@@@gooo

Meaningful

Werd_type

000 g@ogooo

' 1
2 4 6 8 101012 14 16

Ne werds remembered

QJ Circle lcon & » &:|<1-"| d|{7|9|j




One type of analysis: box plots

No overlap of the boxes of the box plots means
3/4 of “Nonsense” scores are to the left of 3/4 of

“Meaningful” scores. There appears to be
evidence for a difference.
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3
*
4 lg
i Meaningful w
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Resampling Analysis

* [f there were no difference in memorising the two
types of words and the data were reallocated
randomly how often would the difference be as

great as 4 words?

*|n other words, how often would we get a result as
large as this by chance?

« Students can reallocate the data randomly by
hand.

* Or TinkerPlots can be used.



In TinkerPlots ...

* The Sampler in TinkerPlots randomly reallocates
the number of words remembered to the two

conditions.

Sampler Plot

Results of Sampler 1 Options

Options *
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In TinkerPlots ...

* The Ruler measures the new difference.

* The History button keeps track of many such
Samples, say 100 times.

Plot History
Results of Sampler 1 Options '~ o
: History of Results of Sampler 1&g EE) | options ~ |

Diff_Random_No_Words <new>

& Nonsense §§

3 0%08 8 © [
g : 1 -1
= Meaningful i ‘ 2 1
:, 1.'0 :’.,.’ . . 3 1
2 4 6 10 12 14 16 18 -
Random_No_Words 4 3
5 1

eleon % » @ =€ 7] =] 5] E] P -
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In TinkerPlots ...

* Plotting the result of the 100 trials shows how many
times the difference is 4 or more, as evidence
supporting the conclusion that it is more difficult to
memorise random words.

100
History of Results of Sampler 1G] EEEE ooione - History of Results of Sampler 1 Sptions |
Diff_Random_No_Words <new>

==
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2 1
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Student report

9. The difference in the original class one was 4 bhut in the sampler 4
was an extreme. This would of heen unlikely to have occured by
chance and shows that it was caused rather than just having
randomly acured. This show that meaningful words can he
remembered more easily then nonsense words.

11. We collected 402 random samples less then 0% were the same as
the original samples. This is unlikely that it occured via chance.

12. We are 99% sure that this didn't occur by chance. This very much
confirms our suspicion that meaningful words are more easier to
remember then nonsense words.

0% 3% 6% i‘% 25% o 7% 3%
4 -3 -2 -1 0 1 2 3
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Lesson 7: Swimming with
Dolphins (Rossman, 2008)

e Data are presented in a two-way table to investigate whether for
people with mild to moderate depression swimming 4 hours per
day with dolphins produces more improvement in depression
that swimming 4 hours per day without dolphins.

g 30 patients Were randomly A e A e e e e e P e L T A )
allocated to the two

o
=3
o
=2
-
W
[Tl
>
o
@
=
=
@®
-
—r

Options =

treatments, Control 12 5
. . . «w No Improvement
(swimming 4 hours per day in | £ Booo
the Caribbean for 4 weeks) |& 3 10
i ] ] Improvement
and Dolphins (swimming 4 000 geee
hours per day in the Control Dolphin
Treatment

Caribbean for4w?eks in the Bl e 1 o— =€ BB
presence of dolphins). —
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Using TinkerPlots...

* The data were placed in the Sampler to randomly allocate
one of the Results (in the Mixer) to one of the Treatments (in
the Counter), without replacement.

* A RUN of 30 produced the Results of Sampler 1, which are
shown.

of Sampler 1 Ogtions ~
UCElnEhld Random_Result

] it
9 |Dolphin |Improvement
10 ‘Dolphin 'I'mbrovement'

1 ‘Dolphin No Improvement
2 |[Dolphin  |No Improvement
13 |Dolphin  No Improvement
4 |Dolphin No Imérwomem
5 |Dolphin  No Improvement
16 [Control  No Improvement

[_11._1r:nnfrn| , .lmnrmmmnnt—]

S e
3| =

Draw |
o v |

Dolphin

hésd“s.o?,sar,nple,r :1:,.,_;.,‘::..,;.;:;:;3.,_::,.;: It u,.?,,_:.;‘,_;....'...4,..',_,:_‘.'.1;:_:

No Improvement m ° moo ®
Improvement 8 ® % !

Random_Res...

Control Dolphin
Treatment
[ i Fla| L&

64




Using the Plot created from the Random Sampler...

* The History button is used to count the number of people

swimming with Dolphins whose Depression Improved
(below, the 7).
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¢ No Improvement m m
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CoIIecting 199 more random samples

- (T

.

5
count_Random_ Result Improvement Treatment Dolphin
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The Results show that only 5 times out of 200
Random reallocations would a result as

strong as 10 people Improving after pegws
swimming with Dolphins occur. |

9 6 7 8 9

count_ Random Result Improvement Treatment __Dolphin
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Lesson 8:
Assessment: Deciding if group differences in
reaction times are “significant” or not.

YEAR 10 BOYS & YEAR 5 BOYS

YEAR 10 BOYS & YEAR 10 GIRLS
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