Appendix One

First Exploratory Study Interview Tasks and Short
Course Outline

Al.1 First Interview Tasks
First Interview Tasks - Part 1

Question 1

A study categorized both alcohol intake (prior to pregnancy recognition) and smoking (during
pregnancy) as “none”, “moderate” or “heavy”. The table below (Table Al.1) gives the
probability of the given level of alcohol intake and smoking.

Table Al.1 Smoking and Alcohol Data for Pregnant Women

Smoking
None Moderate Heavy Total
None 232 .015 .024 271
Alcohol drinking  Moderate 314 .093 122 529
Heavy 127 .035 .038 .200
TOTAL 673 143 .184 1

Given that a pregnant woman is a heavy drinker, the probability that she is a heavy smoker
is:

(a) .2x.184 (b) .038/.2 (c) .038/.184

(d) .2 +.184 -.038 (e) .024 +.122 + .127 + .035

Question 2

In question 1 the probability a woman is a heavy drinker, a heavy smoker or both is:
(a) .024 + .122 + 127 + .035 (b) .2 x.184

(c) .2 +.184-.038 (d) .038/.184

(e) .0387.2

Question 3

During experiments to design an improved solar water heater a commercial heater was run for
16 days. The (%) collection efficiencies of available sunlight were:
416, 399, 519, 430, 39.2, 375 502, 413, 413, 39.7, 524, 440,

38.4, 350, 513, 435.

The mean ™ x, and standard deviation s, for this data set are:

(a) 43.19, 5.30 (b) 43.32, 5.64 (c) 43.19, 5.48
(d) 43.25, 5.30 (e) 43.32, 5.45
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Questions 4 -6 concern the following sets of data.

A study investigated whether a special programme improved the reading ability of school
children. Reading ability was measured by a “degree of reading power” (DRP) test after the
programme had been running for 8 weeks. A class of 21 students formed the treatment group and
another class containing 23 students (of the same age) which did not get the special
programme, formed the control group. The test scores for the children are presented in the form
of stem and leaf plots (Fig. Al.1) for each group.

Treatment group Control group

Units 2]4 = 24% Units 110 = 10%
1 1 0
1 1 79
2 4 2 0
2 2 68
3 3 3 3
3 3 77
4 3334 4 12223
4 699 4 68
5 234 5 34
5 67789 5 55
6 12 6 02
6 7 6
7 1 7
7 7
8 8
8 8 5

Figure A1.1 Stem and Leaf plots on Reading Scores

Question 4

Which one of the following statements is true?

(a) Any significant increase found in reading ability in the treatment group is due to the
reading programme because this is a controlled experiment.

(b) This is a controlled randomised experiment.

(c) Because the two classes consist of children of the same age, a comparison between the
classes is fair and unbiased.

(d) We cannot conclude the special programme caused any significant increase in reading
ability because no attempt has been made to make the classes comparable.

(e) Observational studies are ideal for proving causation.

Question 5

For the control group the depth of the median is:

(@ 11 (b) 110 (c) 12 (d) 120 (e) 13
Question 6

The quartiles for the control group are:

(a) (30.5, 53.5) (b) (28, 54) (c) (33, 53)

(d) (35, 50.5) (e) (28, 53)

Question 7

In Time, 11 October 1993 there is a report from UNICEF that the incidence of malnutrition in
children has declined. 60% of malnourished children are found in four countries, China, India,
Pakistan and Bangladesh whereas in the rest of the world 1 in 5 children on average are
malnourished. If these four countries make up 48% of the world’s child population, what is
the probability that a child chosen at random suffers from malnutrition?

(Questions 1 - 7 from Department of Mathematics and Statistics, 1993)
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First Interview Tasks - Part 2

1. A roulette wheel has 18 black and 18 red numbers. The probabilityatif landing on
a red is the same as landing on a black. A ganatiserveghe ball to land omed six

times in a row, that is RRRRRR. What do yexpect the next colour to béRdapted
from Lovitt and Lowe, 1993)

2. Every year in New Zealand approximately seven children are born with alissing.
Last year the children born with this abnormality wWeated in NZ ashown on the
attached map (Fig A1.2). What do you think?

2

b

Figure A1.2 Map Question

3. A tourist is strolling arounduckland City without any particular destinationrimnd.
She arrives at a crossroad and she ha®mm&e ofgoing straight aheadgft or right.
What is the probability she goes straight ahead?

4. The Smith familyhas hadthree girls. What doyou expect their next child to be?
(Adapted from Lovitt and Lowe, 1993)

5. A smallclass wagiven a test orrithmeticand theresults were recordedhe same
test was given a few weeks latéttached ardox and whisker plotéFig. A1.3) for
both sets of results. Have the results changadh? Ifso, canyou give any possible

reasons?

scores

Boxplot of scores by group

T T

first test second test

Figure A1.3 Test Results Question
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6. A person chooses 1, 2, 3, 4, 5, 6 on their LOTTO card? What dthipkuabout their
choice?

7. Afair coin is tossed 5@mes resulting in 2heads. Two daykter it istossedagain
50 times resulting in 30 heads. What do you think of these results?

8. A fair die istossed sevetimes resulting in the outcom&,3,3,4,4,5,5 (order is
unimportant). What do you think of these results?

9. At a nearby polytechnic, halthe studentsare women and halfare men. A
representativéor the studentinion wants tanterview students abouecent changes
in government financiabupport fortertiary study. The repwants to get a good
representation of the students and goes to as many different aré@saampus as is
possible. Three or four students are randomly chosen and interviewed plaezcthe
rep visits. Out of the last 20 students interviewed, 13 are women anearién. Now,
you do not know the time of day it is, to which parts of the cartipusepinterviews,
do youthink more will be women omen? Explainyour reasoning(Adapted from
Garfield and DelMas, 1992)

10. After Question 9 has been answered.

What do you think of these possible answers?

(a) The rep seems to interview more women than nmerhaps womeare more willing
to share their opinions, @naybe the regoes toareas of the campuwsherethere are
more women thamen. Either way the rep is likely to interview morezomenthan
men in the next 20 students.

(b) Since there ar80% men andb0% women on campus, you woldgpect50% men
and 50% women in the sample. Since there have been more womenethaofar, |
expect the opposite to stdmappeningOut of thenext 20studentghe repinterviews,
there will probably be more men than women so that things start to balance out.

(c) Half the students on campuwwse men , and half aromen. Sahe rephas a 50/50
chance of interviewing a man @roman. It shouldnot matter how many men or
womenthe rephasinterviewed sdar. Out of thenext 20students interviewedbout
half should be men and half should be women.

(d) So far,the trendhasbeenfor the rep to interview more&vomen thanmen. | would
expect the same thing to happen in the next 20 interviews. The rep will likely interview
more women than men in the next 20 interviews.

(Adapted from Garfield and DelMas, 1992)
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Al.2 Second Interview Tasks

1. Your friend tossed eoin five times and gddHHHH. She saidhat sheexpected the
next toss to be a tail. Explain to your friend why she thinks that way.

2. Explain to your friend what is meant by chance. Give some examples.
3. She asks you what is probability. Explain and give some examples.

4. She says " | donbelieve inprobability, because even tifiere is a20% chance, it
could happen. Even 1%, it coutdppen. | don'believe inprobability.” What would
you say to her? (From Konold, 1991)

1
5. The probability ofwinning LOTTO is 3g3g3gp - Thatis, "no chance" atall, yet
someone always wins! Explain why.

6. On TV3 theweather forecastor rain in different areas is alwaysxpressed as
percentages. If the forecast for Auckland tomorrow is a 70% chance of rain, what does
the number tell you?

* How do you think this number is calculated?

* Suppose, in fact, @id notrain. What would you conclude about the statemehat
there was a 70% chance of rain?

Suppose yowanted to teshow good TV3'spredictions forAuckland were. You
recorded what happened on 10 days for which a ¢@%mnce of rain had been
predicted.

* On 3 of those 10 days there was no rain. What would you conclude thbaatdcuracy
of TV3's forecasts?

» If TV3's forecasts had been perfectly accurate, whatild have happenedWhat
should have been predicted on the days it didn't rain?

» With what percentage chance?

(Adapted from Konold, 1989)

7. 1 wastold thisstory about aperson's disastrous day. First his Samote off" the
family car andwas seriously injured. Next, he wdate for work and nearly got
sacked. Irthe afternoon he gdbod poisoning at a fast-food restaurafihen in the
evening he gotvord that his father haddied. How would youaccountfor all these
things happening on the same day? (From Konold, 1989)

8. On average therme 600 deaths due timaffic accidents each year Mew Zealand. A
person observed the following (Table Al1.2):

Table Al1.2 Data on Traffic Accident Deaths

February Number of Deaths
Week 1: 3

Week 2: 12

Week 3: 21

Week 4: 14

March

Week 1: 2

Assumethat none of theseveekscontain a holidayeekend. Supposthe headlines in

the newspaper claimed that week 3 was a "black™" week and police reported that speed was
a factor. The next week wakescribed in thg@apers as morevidence thaNew Zealand

driving was deteriorating. Ahe end ofweek 5the police congratulated themselves for

the low death rate - their extra patrols had succeeded. What would you say to this person?
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What would be sufficient evidence for you to accept that it was just variation?

9. In a firm at Wellington the managememas concerned at the number efrors that
office staff were making itransactionsThe four office staff wereaudited every day
over a month anthe following box-and-whisker plots werabtained(Fig. A1.3). If
you were the manager and had been presented with this graph what would you think?

i

No. o{' 107

Errors

per d:j

A B ¢ D
Worker
Figure Al1.4 Error Rate Question

Whatwould you do?You mayassumehat | am the office managand couldanswer
some of your questions?
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10.

“ A garden bird-table is made up from a flat piece of wood supported on

The surface is marked into 16 small square sections,

a pole.

like this: It begins to snow. At first just a few snowflakes

fall, then after a while more have landed.

Below are three sets of two pictures. Each set shows the pattern of

snowflakes landing on the bird-table - first 4 flakes, then 16 flakes.

X X | X x| X
X X | X 1 X 1 X
ESEE1- l\ X x X 1 X | X
X X [ x X |X
X X % xx
X X % X
e
SET B . "
X < X X x
X X
xx X
X % X Xx
X X
SET C A =
x ,
p 4

Figure A1.5 Snowflake Patterns 1

Which one of these sets (Fig. A1.5) best shdwvekind of patternyou wouldget as the
snowflakes land? (From Green, 1982)
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11.

Below are three sets of three pictures. Each set shows the pattern of

snowflakes building up on the bird-table - first 4 flakes, then 16 flakes,

then 64 flakes.

%] X
x X x X x 1 X <%
x x x X | X7 Ix x
X X x
x x xX [y X [d3 P€ o
A - X x X X x"x"ix
x| Xy Ixx | X
x x x X X Ix Xy
x X X|7 x| Xix
X X X xIX yP¢ x
B x X x| X x x[%xx b x x
X X X X X x
X
) xx| |x Xl % [ex Kx
X
X [x X e X XX B x
x x X
B ) x gx X7 hexx | x x {x X%
— 3 XX I x [x x
X x X x ;&x X | %
X x [X X [X
x x ° x| x
x
x <%
< x x x| xx |xx|xx
X x|x x % | xx [xx Ixx
X X Pxx|Xx][xx
C X X pxpx|x X % | xx [%Xx[xx
x XX fa X [ XX XX
x xpxgx x X [xx]|%xx{xx
x x [ x | x| x X % | % % |2 x|xx
x % | x x |x % |xx

Figure A1.6 Snowflake Patterns 2

Which one of these sets (Fig. A1.6) best shdwvekind of patternyou wouldget as the
snowflakes build up? (From Green, 1982)
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Al1.3 Short Course Outline

Overheads used in short course as discussion points

First Overhead

Learner Teacher

Statistical Thinking

Barrlers

Too few links between intuitions and the
mathematical model

Figure A1.7 Intuitions and Statistical Thinking
(adapted from Borovcnik and Bentz, 1991)

SecondOverhead

Expert - know when intuition
acceptable, analyse and control

\

Intuitions —®| Statistical Thinking

Student - learn to control
- know why you think that way

Figure A1.8 Using Intuitions
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Third Overhead

Einstein
God does not play dice
Statistical laws were based on a causal reality

Late 19th Century
Chance was recognised as a fundamental aspect of the world in a way that it was not
before.

Today
probabilistic revolution
shift in world-view from a deterministic description of reality

Students
expect the world to be deterministic
variation is unexpected and uncomfortable
public discourse is in statistical language
private musings in deterministic habits of thought

Teaching

might be a firm psychological basis for the historical persistence of determinism
transform the private musings

Fourth Overhead

MAIN IDEAS

USE STATISTICAL THINKING IN
ALL SITUATIONS

Variation

Concepts of uncertainty are introduced partly because we are ignorant of the
multiplicity of variables affecting our data and because there is error in our
measurements. It accounts for human short comings. We view chance (variation) as an
irreducible part of natural phenomena.

If we draw samples from a population we will see a lot of variation

between the small samples, whereas in large samples we will see less
variation between the samples.

We expect a random sample/small sample to be a
representative sample.

Disregarding chance fluctuations (variation) we expect population proportions to be
globally represented in every sample irrespective of size.
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Fifth Overhead

Deterministic
Thinking

Productive
Reasoning
Activity

Statistical Thinking

Intuitive Model

( Tacit intuitive
model - may be an
imperfect mediator
leading to an
incorrect or
incomplete

_interpretation )

Figure A1.9 Intuitive Models and Thinking

PROGRAMME

9.30
An overview on thinkingdeterministically and probabilisticall{use overheads as
discussion starters).

10.00

Thetestproblem

Get at the idea of variation

Sat a test, obtained 75%.tHey sat test on another daypuld they get exactly the same
result? Why not? (Refer to SC markers)

Reasons - deterministic and statistical.

Netballer example. Was in an importgame.Average ratavas 0.8 forgetting agoal.
Missed a shot 3 times.

Reasons - deterministic and statistical.

Measuring a pagéength. Get students tmeasure pageidth. Measurements are not
exactly the same.

Reasons - deterministic and statistical.

Class think of examples.

What do we mean bystatistical thinking, by chance, byvariation? (Refer
to OHT)

Local versus global thinking.
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Do computer simulations on height.
Do computer simulations on test results.

What do we "notice"?

(OHT from Galton’s notes)

TAPE ON FOR REFLECTIONS (or would they prefer to write?)
What have | learnt? What are my reactions? Reasons for my reaction? What questions do |
still have?

10.30

Mapsof NZ

Reasons -Deterministic and Statistic

Set up assumptions

Throw dice 7 times - record on map.

Use random number tables - record on map

Use computer simulation - record on map

Compare results with rest of group.

What do we "notice"?

Why was our original thinking incorrect?
(Idea that the prob. is very small here?)

Bring in idea that a small sample is not a representative sample.
Computer simulation of larger sample.

TAPE RECORDING OR WRITING FOR REFLECTIONS on my learning.
11.15 Break

11.30

Set up the coin problem (OHT)

Take avote. Stressthat both arguments seem to be logicaland yet both
cannot be correct.

Coin simulation.Eachstudent try 20 times to getran of 4 heads then record once
have got the four heads.

Computer simulation.

Logically work out why with a tree diagram.
Notions of independence, conditional probability, long run frequencies.

TAPE RECORDING OR WRITING for reflections.

12.30 - 1.15 Lunch

1.15

Roulettewheelproblem

Discuss answer and possibiacit models we were usinghat lead to incomplete
interpretation.

2901



Smithfamily
Reasons - deterministic and statistical

Deterministic - ona@loes not codifystatistically - may believe thdth child will be a girl
with prob. 0.9 - if reaffirmed 50% of the time that is good enough.

Interviewproblem
Reasons - deterministic and statistical

TAPE RECORDING OR WRITING for reflections.

2.00
LOTTO problem
Reasons - deterministic and statistical

Discuss
The probability of winning is very small but someone wins.

How can we think about choosing 1 2 3 4 5 6 so it makes "sense"?

As human beings we loofor patterns andhink it is unusual if it occurs because we
recognise it.

Look at past LOTTO results and discuss.

2.35

Sum up (OHT)

Review beginning OHTSs.
Looking forward to rest of 26.181

3.00
TAPE RECORDING OR WRITING for reflections
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