Chapter Five
The First Exploratory Study: Building up a Picture
on Some Characteristics of Statistical Thinking

In this chapter, | describéhe first exploratory study tanvestigate the
understanding o¥ariability and probability of a smaljroup of students.
These students have a strong tendency to think deterministically (especially in
real world settings);they havelittle understanding ofvariability and its
relationship to sample size; and they are generally unable to recthsile
intuitions with the formal probability they have bedaught. There were
some initial indications thatallowing students toexperience variation
personally made them more aware of theaover-emphasis on causal
explanations of variability. It is conjectured that students of statistics must be
allowed to experience the omnipresence of variation and experience the dual
modes of thinking probabilistically andeterministically to explainthat
variation. Lastly, it appearshat students' awarenessbout probabilistic
thinking can be raised bgctively challengingand discussingheir tacit
intuitive models about chance.

5.1 Introduction

Based on current knowledge derived fréime literature(e.g. Moore,1992b; Biehler,

1989) we believed that a formal mathematical approach to teaching probability could serve
as an obstacle to the development of statisticaking. This first exploratory study was
therefore set up to investigate probabilistic learning in a small group of adult students who
were being taught formal probability. In particular, answers were soudjin following
guestions: (1) What understanding of variationsticdentshave?(2) How dothey think

about probability in various contexts(8) What can bedone to increasetheir
understanding of variation and probability2viis intended thathis study wouldhelp in

the design of a more comprehensive investigation of probabilistic learning amongst
tertiary students.

The first exploratory study consisted of three phases, each of which was intended to build
up a more completenderstanding of somstudents' thinking. Phag@ne consisted of
individual interviews designed to providentativeanswers to questions (aphd(2). On
the basis of this first interview, a one-day course (Phase Two) was designed to
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experiment with some ideas about teachapgroaches, towards a possible answer to
question(3). PhaseThree was a follow-upinterview in which apparent changes to
understanding were investigated. The design of this research was based on an assumption
that therewould be an ongoing analysis aimderpretation of the dataith references to

the literature throughout the exploratory studiesofisensus wa®rmed by me and my
supervisor about the interpretation of the data.

5.2 Phase One: First Interview

Five female students, all majoring in psychology for their degree and currently enrolled in
a first year statisticeourse,volunteered to takpart. Threestudents weraged over 35,

two students were between 30 and 35. Thetilastthey had studiethathematicsvas at

least 15 years agdhe highesschoollevel studied was two students to Formdhe to

Form 5 and two to Form 4. Was not intendedhat these fivestudents should be a
representative sample. The five wonsgowed acommitment to learningnd seemed to

be an ideal group with which to gain an insight into setoelents' thinking. Athe time

of the interview they had completed course work on ‘Tools for Explddaig’ (includes
numerical and graphical summaries) and ‘Probability’ (includes simpbbability,
probability rules, conditional probability, and statistical independence). The students were
interviewed individually for about oneour. They were toldhat | was interested in their
thinking and reasoning rather than in their getting the ‘correct’ answer. Consedhently
were asked to ‘think aloud’ during the interview. The questions (see Appenéjpwere
presented orally and opaper. Unplanned probes were usedclarify the student's
thinking for me. The interviews were audio-taped.

The interview included théollowing items, amongothers.When quotingresponses to
the interviewer's (I) questions, individual students (S) are not identified.

Roulette Wheel Question (adapted from Lovitt and Lowe, 1993): A roulette wheel has 18
black (B) and 18 red (R) numbers. The probability of a ball landing on a red is the same as
landing on a black. A gambler observes the ball to land on red six times in a row, that is
RRRRRR. What do you expect the next colour to be?

A typical response to this question was that ‘intuitively’ the next one should be black, but
thinking ‘probabilistically’ it could be either red dack. Studenteften experiencsuch

a clash between their intuitions and probabiligtimking. An effect may be that they
rapidly learn to distrust their intuitions but do not understahy their intuitive response

is wrongand hence they return to their intuitioagain. They arealso notshown that,

with development and refinement, their intuitions can lead them in thedirgltion. The
paradoxis, that in an actuajame,they areasked to choosthe colour of the nexball.
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This paradoxcanonly be resolved by simulatinguch asituation and understanding a
logical explanation. One student had the following conversation with me:

S:“Black.”

I: “You expect it to be black. Why would you expect it to be black?”

S: “Well, it could be black ored, 'causethe probability is thesame. | think, yeah, it
could be black or red.”

I: “Black orred . . . But initially you said black . . . Why did you say black?”

S:“Because there's all red that have come out so it must be time for a black to come out.”

I: “So that was your initial thought . . . So why did you change your mind?”

S:“Because the probability is the same, the chances are the sanetitieatablack or red
could come out.”

This reactiorsupports Fischbein (1987) whmplies that astudent can ascribe to two
beliefs. The above student, on the one hand, knows that the ravadiar® of the roulette
wheel meanshecannotsay which colouwill appearnext. Yet, onthe otherhand, her
intuition leads her tsuggest that, in order tmalance out theun of reds, alack must
appearnext. The students' responsedfirmed our belief of their need tadiscuss and
experience this situation fully to both convince themselves of a |lagppddnation, and to
become more aware of their inappropriate and appropriate intatogels. From a
teaching perspective it appednattoo few links withtheir primary intuitions have been
establishedBorovcnik, 1990) andhence their intuitive beliefs have not beesed or
resolved.

Baby Question (adapted from Lovitt and Lowe, 1993): The Smith family has had three girls.
What do you expect their next child to be?

Apart from one student the standard response was that it was equally likely to be a boy or
girl. Based ontypical classroom assumptionthat eachsex is equally likely, and
successive conceptions independé, similarity to the roulette wheelas presumably
transparentThe studentvho believed that a girlvas more likely was drawing on her
experience as aurse, giving causal explanationf®r her answer. Shéelieved that as
more girls were produced by oneother,the likelihood of another girincreasedLater
on (after theinterview), sherecalled statisticproduced in classhat showedthat the
probability did increase but only veslightly. The studenwas very surprised as she
thought, fromher experiencethat the increasevas much greater. Thisexperience
influenced her thinking everyme she wagresented with aedical typeproblem. She
says:

S:*You are supposed to know that they have an equal chance of hagirigpaa boy. |
really dispute that. That's what wasonr book, but | felt logically, Iknow alot of
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families who have four of the same sex and that is put down to thieaftetbe sperm
decide on thesex ofthe childand it isnot anequal chance . . . sehen Iread the
statistics | found it surprising . . . it was .52 and .48 .Now |remember what we
did in class . . .they took 40,00Mirths and it was just aslight increasein the
chance of a same sex child followin§jo you're saying at what point ddakefrom
not being half and half . . . after two when you get uthitee | dosee strong trends
to having the fourth child the same gender . . . | belibgre ismore to thisthan the
game of LOTTO, ... it's actually some real world dafpOTTO is a state lottery in
New Zealand of a form which is fairly common in North America.]

Tversky and Kahneman (1982) refer to this availability bias in judgment:

“The lack of anappropriate code alsoexplainswhy people usually do not
detect biases itheir judgments of probability. A person could conceivably
learn whether his judgments are externally calibrated by keeping a tally of the
proportion of events that actually occur among thosehiach he assigns the
same probabilityHowever it isnot natural to group events bytheir judged
probability. In the absence of such grouping it is impossible fan@ridual

to discover, for example, that only 50 percent of their predictions to which he
has assigned a probability of .9 or higher actually come t(pe19).

From the students' responses it appears that such strong beliefs neelaiiebged and
resolved satisfactorily, perhaps treating the student as a scientist, as advodéabew|dy
(1991). Itappears alsthat mathematicanodelling, andassumptions, must beade
explicit whenreal data arexplored.These observationsuggestthat the complexities
within data, such as the femalentale birth ratio, should be discussed openly dnly.
Further, students should keewvare that their life experiences may cause them to
overestimate @robability, particularly if theconsequences have anpactsuch as the
fourth child being anothegirl, and may be influencing their interpretation of tdaga. If
students were tbecome aware of theawn thinking,and experiencelata that conflict
with their prior beliefs, it is possible that they may modify their intuitions appropriately.
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Map Question: Every year in New Zealand approximately seven children are born with a
limb missing. Last year the children born with this abnormality were located in New
Zealand as shown on the map (Fig. 5.1). What do you think? (In New Zealand it is common
knowledge that one-third of the population lives in the top region and one-sixth of the
population in each of the other regions.)

Figure 5.1 Map Question

In this context all the students produced deterministic explanations. After repeated probing
by me, some did suggest the need for further data.

S:“l would look at what is similar in the environment . . . type of farming, or pollution or
families with genetic defects or something like that living in tlaosas . . .there are
a very small number of children, seven, so might have to build up the statistics over a
longer period of time.”

This non-gambling problem produced vestyong deterministicreasoning All students
had obvious experience of such controversial data fromekes mediaand theirreasons
reflected currenttoncerns inthe community. Becauséheir thinking had never been
explored or challenged from a statistical pointvw, their rich experience hddad to a
causal analysisnly. Probabilistic and deterministic thinkinghould complement each
other in working towards a full explanation of the ddtae studentsseemed oblivious to
the former. Fromtheir responses, it waslear that theiunderstanding of variation in
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small samplesvas minimal in this context.The idea of statistically modellinguch a
situation did not occur to them.

Die Toss Question: A fair die is tossed 7 times resulting in the outcome 3,3,3,4,4,5,5 (order is
unimportant). What do you think of these results?

All students agreed that this outcomas not surprising,and did not necessarilgdicate
anything amiss withthe die. Notethe analogy betweethis problem andthe Map
Question. (The top region has one-thirdttté population andorresponds tebtaining a
1 or a 2 on thealie, and each of the otheregions with one-sixth othe population
correspond to obtaining a 3, 4, 5 and 6. There are seven abnormal births antbss&n
of the die.) When context is removed and tfemiliar die is introduced, students are
comfortable thinking probabilistically.

Test Results Question: A small class was given a test on arithmetic and the results were
recorded. The same test was given a few weeks later. The box-and-whisker plots for both sets
of results are shown (Fig. 5.2). Have the results changed much? If so, can you give any possible
reasons?

Boxplot of scores by group

|
|
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I i

first test second test

Figure 5.2 Test Results Question.

Again when context was introducedall students producedeterministicexplanations.
Searching forcausal explanations is a crucial component of amglysis,but it cannot
lead to a full explanation of th#ata. No one considered thinkipgobabilistically except
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for one studentvho responded when emphasis wéeced on the keword ‘small’ by
me:

S:“l meanit's not agreat deal ofdifference . . . so | tend to fethat the difference is
possibly due to chance or thdsausal reasonghat | have just mentioned.”

Studentgelied on their experience asdughtcausalreasonsThey were thinking at an
individual levelonly (e.g., arguingthat a particulastudent may have been tiréar the
second test), whereas a statistician can think at both a local and a global level.

Coin Toss Question: A fair coin is tossed 50 times resulting in 27 heads. Two days later it is
tossed again 50 times resulting in 30 heads. What do you think of these results?

The cointoss problemwas answeredorrectly and without equivocatio’ll students
appeared comfortable, in this context, with the notion of longelative frequency. This
concurs with Konold (1989) who quotes Nisbett as suggestiaig‘most adults use
formal, probabilistic knowledge whenreasoning about situationghat are clearly
probabilistic and have a simple sample spa(®"88).

5.3 Phase Two: The One-Day Course

Based on current reading, and interpretation of these interviews, the decisimasdeto
focus the one-day course on:

« Deliberately thinking both deterministically and probabilistically about problems,

« Experiencing experiments that reveal snsdinples are not representative of the
population (representative used in the non-technical sense),

» Experiencing probability based on models and real data, and

« Clarifying variation and chance.

Two weeksafter theinterviews, a one-day, five-hour course (Fgmendix One) was
held. Twice during the day, students were askedgriie down whatthey had learnt. At
the same time | wrote down my impressions of the course. A deeisismadewith the
group that a tape recorder would be too intrusive in this context.

The course wasnteractive, involved a lot ofliscussion,challenging ofideas, practical
activities, and simulations. Students were encouraged to think aloudlaaify their
ideas.The instructional approachas based othese criterigKonold, 1991): Students
(1) reveal their own beliefs first and then listen to the beliefs of otherthiR) about the
problem deterministically and probabilistically; (3) observe throughrals-onsimulation
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the results of a random process andhmunicateanddiscuss whathey are thinking; (4)
observe through a computer simulatithe results of a random process fraemall to
large samples andommunicateand discuss whathey are thinkingj(5) reflect on and
evaluatewhat they originally thought in comparison to thefiservations fronthe data;
(6) reconsidethe dualmodes of thinking probabilistically andeterministicallyfor the
explanation of variation. Webelieved thatsimulations would enable students to
experience variation and hence strengthen thederstandingThe first criterion was
considered to be important becawstaedentsneed to reveal their intuitions and have a
personal involvement in the task, and it is also a base on which the teacher can build.

First an overview ordeterministic and probabilistic thinkinggas given including a
diagramshowingthat it was necessary to do both whpresented with a situation.
Current research relevant to the students' learning and Phase One answers were discussed
(Borovcnik & Bentz, 1991; Falk & Konold, 1992; Fischbein, 1987).

To enhance their awareness of variation, several situations were presentestudehés.

Each timethey were asked to think abothe problemboth deterministically and
probabilistically. Thefollowing quotesillustrate thestudents'coming to terms with
variation and probabilistic thinking. For example they were asked to measure the length of
a page and the results were then plotted on a graph.

S: “But what if one person measurék paper 1000 times? . . .[realisation that there
would be variation] . . oh, so each of us would have our little curve a@hdur little
curves would make one big curve!”

Another situation discussed wtge case of a netbdllorm of basketball) player with an
averagesuccessate of80% for getting agoal. In animportant matchshe missedhree
shots in a row.

S: “[Different] types of thinking in statistics . . . allowed me to firstly think: ‘What type of
process | am usingAVhen examples weraliscussed, | wasware of thinking
intuitively, deterministically and had teift mentally quitehard tothink in statistical
terms. Wherthe netballexamplewas presentedand discussed, kould think and
understand statistically that the scor@e due tochance variationlntuitively | could
also say it was because of bad form, off day etc. | like the ease and varialhbtyeto
the ability to think a little clearer concerning each problem presented.”

S:“The most useful thingvas torecognise the underlying ‘need’ to explaiariation by
naming causes, and being able to ‘reconceptualisactzpt a degree adver present
variation.”
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This section ended with a discussion on defining variation according to Fakkozadd
(1992). The idea that mangauses exist of which ware ignorantwas discussed, and
chance or variation was defined as mretucible part of natural phenomehép. 151).

In presenting a probabilistiway of thinkingthe teachemust be aware ahe danger of
students nowbelieving that every situation can l@nswered withthe stock phrase
‘random variation’. Setting up @anodel of thinking indiagrammaticform for the

explanation of variatioshouldkeepstudents referenced dhe dualmodes of thinking.
Criterion (6) in the instructional approach is important to avthés danger and tgive

students confidence in listening to their own intuitions.

The TestResults Question fronthe initial interview (Phase One) was discussed,
including the original answers given in the interview. Computer simulations were used to
show (via boxplots) how sampling variation depends on sample size. Samples of size 20,
50, and 500 were generated. The students were very surpribedamount of variation

for samples of size 20 and 50 aheé amount of stability in the largamples. Aypical
comment was:

S: “[I realised] that the sample of a population is never totaligpresentative of a
population. Hence the variation.”

The Map Question fromPhaseOne was discussedincluding the interviewanswers

given, and again students were asked to think deterministically and probabilistically. They
agreed on the probabilities for each region (based on the population distribution) and then
simulated the problem hipssing adie seventimes repeatedly and recording thessults

on the maps. They shared their results and then used the computer to simulate the problem
seventimes and ther800 and 600 timesThe following quotesillustrate thestudents’
heightened awareness of their thinking in real world contexts:

S: “The value of realising our bias tase deterministicthinking, especially applied to
human problems, is very useful.”

S:“l can see that it takes a reasonably sized samptgve you aepresentative picture of
the population. I'm a very visuddarnerand thecomputer graphickelped. | think |
cannow seehow ‘human’ problems have been differdotr me inthe past, from
number problems.”

S:“l tend to think intuitivelyabouthuman examples allowing emotiondioud. [I] need
to apply statistical thinking to the problem.”
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S: “l feel more aware of being able to reason statistically across lbroader range of
concepts and problems. | also feel | havgreater understandingpetweerthe results
gained from small and large samples, small samples giving a greater variation.”

The die simulation was perhaps even mupoeverful in demonstratingariability than the
computer simulationThe students personalised it greatlyhey thought ofeach lot of

seven rolls aslatafrom consecutive years and thdgclared their concern after getting
four abnormalities in Auckland (th@ppermost regioncontaining one third of the
population) three years running. The question they came to was ‘When would you start to
get worried and not puthe results downsimply to variation?’ Below is part of a
conversation amongst thstudents demonstratinghe re-evaluation of their own
experiences in light of the experiments:

S: “If you hadfour abnormalities inAuckland youcould investigateand find a cause -
you would be bound to find something in common betweefour. When | was
pregnant, there were four of us pregnant in the lab, | watiyg onewith anormal
babyand [even] he had hepatitis! N@ne was interested in investigating - it could
have been chance but . . . | keep thinking of tittmse women inChristchurch who
worked for the city council with babies that had defects. The women were sure it was
the pesticides they were handling but after investigation they came to no conclusion.”

S:“Now | know why it took so long to conclude that there was a causmfateaths and
thalidomide.”

S:*“It takes a while to prove things have a cause statisticaliygn samplesare small. It is
hard not to believéhere is a reason that it is variation -[but we] can'ttreat people
like dice - human lives are at stake.”

The next stage in instruction would be to address the concern stutfents as to ‘When
would youstart to getwvorried?’ The first stagewould be toremind students othe two
modes of thinking andhat an explanatiorior the variationshould be sought. If no
common or systematic cause couldftwend then a record of thaumbers ofabnormal
births should béept overthe years. Ifthere is some causal factoishiould show up in
increased numbers or a changetriend. To enhance their understanding of seeing
systematic variation through the random variation, a simulation of the sitsatorid be
developed by the teacher. (This was done in the teaphiage otthe second exploratory
study.)

Another problem discussed (adapted from Lovitt and Lowe, 1993) wabattkescribed
a situation where person had tossedcain and had obtainddur heads (H) in aow.
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They were then asked what thepuld expect in the next 1®sses.Some thoughthat
therewould be abalancing out so thewould expect more tail{T), some thought the
results wouldyield half heads and halgils, and one student said sthieln't know (the
word ‘expect’ was interpreted as predidihe students firssimulated the experiment by
tossing coins, with the provigbat theymustgetfour heads first beforthey could start
counting. Next the experiment was simulated on the computer, and tils@was drawn
to help the students think about the problem logically.

Again thepersonal tossing of coins was a powerful forerunneotoputer simulation -

the students could understatitht manyruns (thosenot starting withHHHH) had been
omitted. The computer simulation reinforced the idea of expected value as they could see
that one run had 13 headster it, anotherrun three heads.The empirical evidence
appeared to be much maguewerful than intellectualisinghroughthe treediagram. The

tree diagram served more as a reinforcement of the simulations and as a niacihte

the development of a logical explanation. From this experisteientdbecameaware of

the tacit intuitivemodelsthatwere causingonflict in theirthinking. This isapparent in

the following quotes:

S:*“In the coin tossing problem because four heads comentuitively | wanted to think
it would be likely a tail would come upkhow thoughthat statistically thenext toss
could be equallylikely] heads or tails.”

S: “Particularly enlightening is the demonstration of tb@nfusion of twaconceptswith
the problem of‘what are the expectationgfter four heads’ example, inthat |
expected the results to even out over the longwitimout recognising the conditional
part of ‘given that four heads have already occurred’.”

S:“Seeing the tree really helped me in this area.”

5.4 Phase Three: The Follow-Up Interview

Three weeks after the one-day course, a second intervievplaok tofurther investigate

the students' statistical thinking, beliefs, and intuitidriee procedurevas similar to the

first interview. The students wereach interviewedor approximately onehour. The
guestions (se@ppendix One)wvere presented orally and/or on paper depending on the
nature of thequestion.Again thestudents were asked to ‘think aloud’ and unplanned
probes were used.

Some of the items in the interview were:
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Coin Question: Your friend tossed a coin five times and got HHHHH. She said that she
expected the next toss to be a tail. Explain to your friend why she thinks that way.

Weather Question (adapted from Konold, 1989): On TV3 the weather forecast for rain in
different areas is always expressed as percentages. If the forecast for Auckland tomorrow is a
70% chance of rain, what does the number tell you?

Disastrous Day Question (from Konold, 1989): | was told this story about a person's disastrous
day. First his son wrecked the family car and was seriously injured. Next, he was late for
work and nearly got dismissed. In the afternoon he got food poisoning at a fast-food
restaurant. Then in the evening he got word that his father had died. How would you account
for all these things happening on the same day?

Traffic Accident Question: On average there are 600 deaths due to traffic accidents each year
in New Zealand. A person observed the following:

February Number of Deaths
Week 1: 3

Week 2: 12

Week 3: 21

Week 4: 14

March

Week 5: 2

Assume that none of these weeks contain a holiday weekend. Suppose the headlines in the
newspaper claimed that week three was a "black’ week and police reported that speed was a
factor. The next week was described in the papers as more evidence that New Zealand
driving was deteriorating. At the end of week five the police congratulated themselves for
the low death rate - their extra patrols had succeeded. What would you say to this person?

Error Rate Question: In a firm in Wellington the management was concerned at the number of
errors that office staff were making in transactions. The four office staff were audited every
day over a month and the box-and-whisker plots shown were obtained (Fig. 5.3). If you were
the manager and had been presented with this graph what would you think?

1

No. o{— 107

Errors

per dfj

A B c D

-+

Worker

Figure 5.3 Error Rate Question.
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From responses to these questions it apgbatsome students hamecome more aware

of their own thinking and were prepared to think probabilistically abeathsituation.

This may have been to due to the nature of the questions in the second intervibeir but
comments clearly indicate a heightened awareness of probabilistic thinking, perhaps to the
extent of almost rejecting deterministiginking, which wasnot the intention of the
intervention. At the end of the second interview a student observed:

S: “Becausethis [interview] was a‘test’ situation | couldfeel myselfreverting to my
original thinking -deterministic - thisother way, statistical thinking isnew. | was
aware | was relying on what was familiar.”

During the interview on the Traffic Accident Question she said:

S:*l know that you are saying to me: ‘Discount those thifgmisesjandlook atgeneral
variability’.”

Another student, after struggling with the Weather Question, commented in frustration:

S:“I'm also thinking about it in a more, | guesgeneralway rather than a statistical way
| suppose.”

Comments from a third student as she went thrdahghnterview seemed to indicateat
she was aware of her thinking. On the Coin Question she reported:

S: “Must say intuitively though Etill think she musget it . . . itshould come out
eventually. If | got 10 heads in 10 tosses | would tkthakthis is verystrange . . .
that is why in that question | do have a conflict in thinking.”

For the Weather Question she got confused about the interpretation @h@@ee of rain

eachday and raining ®ays out of 10days. Eventuallythrough reasoning aloud she

clarified her thinking and correctly interpreted the questions.

I: “. .. 70% chance of rain each day did not have that meaning for you before?”

S:*[It] did initially and then | thought, is that just what | am intuitively thinking dhas
really what they are saying?”

Sheappeared to be checking out hieinking, aware thatshe may be holding incorrect
tacit intuitive models.
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For the DisastrousDay Questionshe sorted out possibldependent and independent
events, commenting:

S:*[ltis] just by chanc@hat] the unrelated events happened .[it is] not outstandingly
unlikely all things happening on the same day.”

The Traffic AccidentQuestion, whichmay have elicited more causatplanations before
the course, was immediately treated probabilistically:

S:“l think 1 would have to say it was not due to factors or causes, | would say iustas
by chance that there happened to be those thiessks when it waguite bad. [There
is] too little data to sayhat therewas any causefor those figures on thogmrticular
days.”

After expanding on this further she was asked:

I: “What would be sufficient evidence for you to accept that it was just variation?”

S:“If I got a longer period of time and the pattern was fairly even . gudss forthe rest
of the yearevery week was onlgne ortwo and those figuregeally stood out as
being really remarkable. Iwould probably want to check whether was rain or
[whether] one particular accidentinvolved agroup of cars[or if it was] just normal
variation.”

For the Error Rate Questiorthis studenfelt that the variation between theorkers was
high, and she expresseniterest in examining theiwvorking conditions. Shewas,
however,aware that variatiomould always be present amcplained theerror rate for
worker D as follows:

S:*Well | think you have to expect that there will be errors.”

These responses weggical for four of the students Apparently each of thesgudents
was able to think probabilistically except in thError Rate Questionwhere they

appropriatelyfocussed first ondeterministicthinking. The students nowappeared to
expect variation as a natural part of data.

Onestudent was stronglgieterministic in evengituation. She wove mather convoluted
story aroundhe DisastroudDay Question to accourfor the sequence of events rather
than thinking probabilisticallyOften studentswill find patterns in events wherthey
might not exist;hence, studentseed toknow that such situationgnay have many
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interpretations based on thinking probabilistically and/or deterministi¢adiythe Traffic
Accident Question, causes dominated her explanation:

S: “l would want to know ‘Did it rain in week three?’ - traffalways goesnsane ifthere
is one drop of rain especially after a long dry period.”

Repeatedprobing in other questions produced some probabilistic thinking but she
eventually changed back to causal thinking.

5.5 Conclusion

With coin-based problems, studermtsplained theiranswers by invokingorobabilistic
reasoning. Howeverbeing unable to reconcilthis probabilistic approach wittheir
fundamentalintuitions, they seemed to be uncomfortable waiiach thinking. Students
were unable to give a logical explanation their probabilisticargument. Irall real data
situations (other than those transparersilyilar to coin-type problems) probabilistic
thinking rarely entered thstudents' minds.Situations were resolved with causal
explanations and thstudents drew ottheir own experience to explain thf@umbers’.
Tversky and Kahneman (1982pte thislack of awareness abowariation: “Statistical
principles are not learned from everyday experience because the relevant instancets
coded appropriately’(p. 18).

Mason (1989) asserts that tieelucation of awarenessomes fromhaving yourattention
drawn to significant detaildp. 7). He says the role of the teacher is to engage students in
activities that are designed to evoke awareness:

“A teachercannotshift a student'sittention, nor causéhem to see in a new
way, but ateacher carattract attention towhat is importantand away from
what isirrelevant to current concernghey candraw attention tomultiplicity
of perspective and interpretation, and through tteeim behaviour, model the
sought after way of seeingp. 8).

This impliesthat drawingthe students’attention to the omnipresence of variatiwould
enable them to become more aware of gregnomenonAnd perhaps askinghem to
consider situations from a non-deterministic perspective would improve their probabilistic
thinking. Similarly it may bepossible, througlexperiment andogical explanation, to

raise their awareness of the tacit intuitive models that lead them astray.

Singer and Willett's (1993dea of ‘cognitive apprenticeship’ mayork if the teacher
knows howthe individual learnethinks. From this knowledgeguthentic activities that
allow the individual to be confrontedith his/her misconceptiongan beconstructed.
Our experience iffhase Two is supported by Konold (1991) who statésnstruction
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in probability is to beeffectivethe teacherwill need nobonly to beattuned tostudents’
intuitions but to structure activities that encourage students to evaluate those intu{{pons”
152).

The first phase ofthe study revealedall five students had &endencytowards overly
deterministicthinking, reflecting their lack ofawareness or understanding of variation.
Probabilistic thinkingwas not often apparent in their repertoire of problem-solving
strategies. Through being aware of thegelents'misconceptions and through studying
the literature, itwas possible to desigactivities to challenge their intuitions iRhase
Two. It appeared that these ofexperiments and computer simulations enabled these
students to increastheir understanding ovariation. The third phase showednitial
evidence that it is possible to attract students' attention to a probabilistic perspective.

Both sets of interviews providadhluable insight into the fivetudents'intuitions about
probability and variation, antthe intentionwas to use &imilar approach in theecond
exploratorystudy. Improvement and analysis tdsks, refining the interviewprotocol,
and analysis of intervieweethinking was to be addressed throutite use of more
structured processes (Lesh & Kelly, 1994; Schd®91). Interms of building on and
challenging students'intuitions about probability, a one-day cours@s insufficient.
More time was to be dedicated to this in #seond exploratory study androre refined
framework or teaching/learning model for stochastic instruction was to be incorporated.

The second exploratory studyas to focus orteaching probabilistic and deterministic
ideas in the context of statistics, with an emphasis on experiencing and explaining random
and systematic variation. A keysue was to bdevelopingstudents' awareness tieir
thinking.
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