Chapter Six
The Second Exploratory Study: Building up a

Bigger Picture on Some Characteristics of
Statistical Thinking

The focus of introductorystatistics courses isincreasingly on teaching
students to comprehend and evaluate statistical information. In this chapter we
investigated, usinthe analysis of statisticallypased reports as illustrations,

the understandings and knowledge ofsmall group of studentsThese
students were found to lmeveloping interpretiveskills. It is hypothesised

that context knowledge and subject knowledge operate interdependently in the
statisticalreasoningprocess. It isalso hypothesisethat specific instruction

may be needed to fully develop interpretisklls and statistical thinking.
Furthermorethe interpretation of statisticallgased informationmay involve

the development adtudents' cognitiondisposition andnetacognition in this
area.The role of variation in statistical thinking and the implications of the
findings for teaching are also discussed.

6.1 Introduction

This second exploratory studyas designed ithe same format as tHest except the
interviewed students would participate in a coursdiverweeks (15 hours) gsart of a
class (>60 studentsjather than have a one deyurse,before being interviewedgain.
Initially the focus of interest was on changes in studentprobabilistic thinking,
particularly in terms of their understanding\ariation. However, athe study evolved
these changdsecamdessimportant in the resultar@nalysis tharthe exploration of the
datafor a better understanding of some characteristicsstdtistical thinkingsuch as
variation (see Sectiof.3). Therefore a design decisiomas made at theend of this
investigation to refocus the study on identifying some characteristics of statistical thinking
from a broad perspectivelThe reasons for this were fourfold: (1) a university
environment is not conducive to an intervention study; (2) such a stwity not develop
students’ statistical thinking if the characteristics of such thinking were not known; (3) the
data and issues that were being raised sugg#sitithis avenueshould beexplored; and

(4) the scope of the study should be narrowed.
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According to Gal eal. (1995)and Friel etal. (1997)statistics educators have not been
clear about what constituted sound statistical reasoning for the interpretation of statistically
based information. Therefore | had no structure on which tothasgpes of solution |
should have expected fronthe students.Therefore the data gatherdtbm the two
interviews in thesecond exploratory study were usedraise issuesabout teaching; to
explore aspects of interpretation; andréflect on the nature of statisticlinking. In
Chapter 10 a structurkas been proposed for judging studentsgiterpretationskills.
Therefore some normatisolutions,that could have been expectiedm the students in

the second exploratorgtudy, have been presented in Chapi€, together with a re-
analysis of group and individual student data.

6.2 How do students interpret some aspects of statistical

information?
In order to explore and understathg statistical thinkinghat interpretiveskills required,
six tertiary students were interviewed. These students volunteerdéakeéopart in the
study. The main criteria for choosing these students were that they seemed to offer me an
opportunity to learn, anghowed promise ofdvancing my understanding sfatistical
thinking in relation to interpretation of statisticedformation, and tothe possible
implications for teaching. Four students were enrolled in a first year statigticse, one
had completed a stageo statistics course and one had never done fostadiktics, yet
usedstatistics including experimentdesign,statistical summaries and significanests
in other universitycourses and in his previous employméiitere werour males and
two females with ages ranging from 18 0. Their school mathematicganged from
Form 5 to Form 7 (15 to 1@ear agegroup). Atthe time of theinterview five of the
students hadompleted formatourse work in 'What is Statisticgtcludes polls and
surveys, experimentation, observationatudies,random sampling and non-sampling
errors), 'Tools forExploring Data' (includeshumerical and graphicasummaries),
'‘Probability’ (includes probability rules, conditional probabilgtgtisticalindependence),
'‘Discrete Random Variables' (includgsobability functions, Binomial and Poisson
distributions, expected values), 'ContinuousRandom Variables' (includes Normal
distribution).

The students weréndividually interviewed indepth. Broad questions (ségpendix
Two) were asked in order to simulate the situation of reacting to a statistiaatty item.
The focus of interestvas oneliciting and evaluatingtudents’ opinions and judgements.
They wereexpected to refeto, or infer, statistical relationshipgor data in graphical
displays or in text, toconsider other information about the problerontext or consult
world knowledge they may have, to help in ascribing meaning tatle(Gal, 1997, p.
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50). They were toldhat | wasinterested in their thinking and reasoning rather than in
their getting the ‘correctanswer.The questions were presentenially and onpaper.
Unplanned probes were used in orderclarify the student'sthinking for me. The
interviews were audio-taped.

The students responses statisticallybased information weranalysed. Inthe analysis
and discussion (Section 6.5 and 6.6), their responses to all the items in the interview were
drawn upon.The items included aewspapetext article onfitness, atelevisionitem on
gambling, anadapted televisiofiem involving a clustering okevents, a sportstatistics
scenario, a graph on race and genetics amalla of social datavhich the students were
asked to explore othe computer.The first exploratory study (Pfannkuch &rown,
1996) which exploredive students' responses to similand in some casdbke same,
statistically based items was also used as a basis for the discussion.

The focus of the research was on statistics. Therefore probability questiuged were
interpreted from atatisticalstance. Beloware thequestions used ithe interviews with
observations angbotential issues raised. A consensus wasmed by me and my
supervisorabout the interpretation of tlgata.The researcldesign involved an ongoing
analysis and interpretation of the data and hence was linked to the literature in an effort to
understandhe nature of thé¢hinking, with the provisothat theseunderstandings would

be revised as more evidence was gathered (see Chapters 8 and 10).

6.3 First Interview
The first interview included the following items.

LOTTO Question
On the "Money" programme on TV1 on Friday 28 April 1995 the advice for playing LOTTO

was to spread the numbers that you chose. Comment on this advice.

Observations

Responses to this question were twofold.tlnking logically it did notmatterwhether
the numbers were spread or not but on thinking intuitively they would spread the numbers
rather than choose, for example, the numbers 1 through 6. One studestdmmiled the
two ways of thinking by saying that logically it did moatterwhether thenumbers were
spread or not but ipractice hevould use 'personal numbers' suchamsily birthdays.
Another studentwas adamant that idid not matter what combinationwas chosen,
whereas the other four students had conflictthair thinking. It wouldappear that three
of them were interpretingthe question fromthe perspective thahon-consecutive
sequences were moli&ely than consecutive sequencéiey never come in aun of
numbers’ Therefore it was better to spretee numbers in dOTTO game.The conflict
in their thinking resulted in the fadhat their subjecknowledge suggestethat the
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probability ofall possible combinationsas the same. Both otheseways of thinking
about the question were correct.

The other studensaid he would not spread his numbers but wapilck numbers
randomly by closing his eyes atetting his penfall on anumber, or would choose the
first numberthat cameinto his head.When asked if havould choosethe numbers 1
through 6, he said that those numbers would not come randomligisthead buthat he
might get that if haised a randordevicesuch as a spinning whed@lhe more he talked
the more he realised that there were contradictions in his explanétipiss. contradicted
myself, didn't I? Bysayingnow that - yes -not really relevantwhetheryou spread the
numbers or notEachnumber has amuchprobability of beingchosen ashe last, so it
doesn't really matter, no.”

Potential Issues

The student quoted above held beliefs alramdomness antiow to pick a random
number which were possibly a product of childh@mines. Hehad learnedhrough
instructionthat arandom sampleneant allcombinations were equallikely. He did not
realise that his methods of randomly picking a number were biased untddferced to
think of an extreme example and hence he gained an insight intoamdaimness meant.
His learned knowledg®as divorced from hisown' knowledge andhe two had never
been connected in the teaching/learning process.

This might demonstrate the importance of listening to student ideas and reconciling those
ideas withthe subjecknowledge. Perhapsgstruction had failed taddressthe intuitive
models (Fischbein, 198 Held by thesestudents and ttogically resolvethem. Too few

links with their primary intuitionsnight have been establish@orovcnik, 1990) in the
teaching process.
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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. 6.1). What do you think?

(This item was adapted from a British television news item about the clustergzges of a flesh-eating
disease in several regions in England. Trezliaand peoplewere highly anxiousand weresearching for
causes whereas a scientist was saying that there was nothing to worry about - it was variation.)

b
Figure 6.1 Map Question

Observations

The combination of texand diagram produced axplicit readingand understanding
phase asll studentggave adescription of thedatafirst. Threestudents were awathat
the numbers of births should perhap#iect populatiorproportions andhey musedhat
they would have expected one-third of the births to ibanNorthland/Aucklandegion.
The nextphase of interpretinghe dataproduced deterministic explanatiossich as
pesticides, genetic mutations and the ozone layer. One student wanted todseaother
a period of time, perhaps a recognition of variation, and another student tticatgtie
datawere ‘fair’: ‘it seemdair at first glance but wanted more information because the
datawere not what she expected. Not one studerdulated thenotion of small sample
variation and expectations in ttheng run. These observations westmilar to thefirst
exploratory study.

Potential Issues

Context knowledge, such as population distribution in this problem, has not dlesys
recognised in statistics teaching as an impoffc#t of solving statisticalproblems yet

this clustering of events requiredich knowledge tinterpret what could be #pical
mediastory. The conjecturing opossible causes has alseen an important part in the
search for patterns in the data and might be an essential component of sthiiskicey.

When dealing with human problems, probabilistic thinking might be deemed as unrealistic
since humans would be adept at 'seeing’ patterns in randomness. One way of overcoming

that propensity would be toheckfor stability of patterns over time. Instructitias not
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seemed to have elucidatedch issues, n@mall sampleversuslarge sample variation,
for this particular type of problem.

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. If you were the manager and had been
presented with this graph (Fig. 6.2) what would you think?

This item was chosen to put the students in the role of a manager, or in an ocoupatathey did not
collect thedatabut neededdata toguidetheir actions. (It wadased on drue storyreported to me by a
statistician (Thompson, personal communication, 1994), whocassernedabout howmanagerswere
interpreting statistical information.)

i

12 1

No. of to-

Errors

per d‘_j

-

A B c D
Worker

Figure 6.2 Error Rate Question

Observations

The first effect of the graphical information, on all the students, was to prodietailed
reading and description of the graphiéedhtures, such athe medians and thepper
quartiles.The interpretatiorphase then followed witthe graph being interpreted fetce
value. Four students suggested D wesbest worker and asmanager theyvould either
sack the worst three workers loelp them tamprove. Therewas an assumptiathat the
graph represented the truth. Superficial attention was paid to féwabrsould becausing
the difference.One student wanted to check on the number of transactionstheid
complexity before interpreting thgraph. The oldeststudent, whose background in a
work environmentwould suggestontext knowledge ofuch a situation, wamterested
in other factorghat might explain thegraph. The first exploratory study observations
were closest to that observed for this oldggtient. Thignight be because this question
was given to thefirst study studentafter their interventiortourse, orbecause they too
had been in work environments.
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Potential Issues

The orientation oktudents towardeeading exacvalues from graphwas alsonoted by
Biehler (1996) whoregarded this tendency as a problarea facing statisticstudents.
The explanation of the variation in tigeaph raised somissues. Inschool mathematics,
studentshave been taught thgtaphstell stories. For exampldghey could be asked to
describe the journey of a casing adistance-timegraph. Perhapshis is why some
studentsattentionwas on giving a description dfie statisticagraph. Astatisticalgraph
might tell a different story from amathematicalgraph. Have students not hypothesised
why a graphcould be demonstrating systematic variation and then follotatl
hypothesis through? Hae graph beerthe end point in instruction rather than the
beginning of an investigation? Ben-Zvi and Friedlan@96) also foundhat some
topics effected highemodes of thought, whereasher topics invoked descriptiamly.
They conjectured thaireconceptions related to the context mightd students to ignore
statistical ideas.

Or was the reason for the studeattgntionbeing on a description of trgraph, dack of

context knowledge? In contexts such as medical matters or disastgghtitoe natural to

probe for reasonwhile in other contexts it might ndde, asignorance of the situation
might prevail. For example, when workers have produced eth@syorkershave often

been blamed. It has been well known in TQM (Total Quality Management) theydtesn

was usuallythe problem rather than thevorkers. Hence cultural conditioning of
expectations in such a context might have prevented the conjecturing of causes in working
conditions. Ifthe contexknowledge wasiot present then interpretation might rake

place.

Curcio (1987) suggestetthat graphicacyhad three components involving reading the
data,reading between the datand reading beyonthe data. The third component was
considered a highdevel thinking skill as it involved extrapolation, elaboration of what
was given and the making of inferenckeyond what waxplicitly presentedCurcio,
1987; Resnick,1987). If this developing theory of graphicacyas applied to this
guestion,then the higherder thinkingskills, needed to interpret thaformation,
seemed to be the conjecturingsaime explanatory variablésr the possiblesystematic
variation in thegraph. The students also had rgystematic thinkingool, such as the
fishbone diagram, on which to basi®eir response.They could onlyrespond at an
intuitive level based ontheir personal experience. Resni(kO87, p. 48)statedthat
"students must come to think of themselveabs andobligated to engage iwritical
analysis.” If such alearning culture could be developed thatadents woulddevelop
higher order cognitive abilities.
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Die Question

A fair die was tossed with the resultant sequence of numbers: 34 4 35 3 5. What do you think of
these results?

Observations

Two studentsnterpreted the data literallgnd said they were naurprised."This dice
doesn't really mean anything to me except forféloethat iswhatI've got.” Neither was
able to articulate small samplersuslarge sample variation or talk about expectations in
the long run. One student thought the die was fair but attridbhéesults tothe way the

die was rolled, after which she reasonethat morethrows wereneeded to test for
fairness. Three studentsinitially thought the diewas biased. Howeveone of these
students, through reasoning aloctrified her thinking by conjecturinthat there was
not enough data and that the die would have to be thnoanry times tcknow whether it
was biased, and therefore it was highly likely that it was not biased.

Another studentvas adamant the sequenees impossible. He was asked woite a
sequencedhat would bemore likely. He wrote'1,4,2,5,6,3,2° He thought this was
unlikely as all the numbers were obtained. He tried adaja;6,3,4,3,2 He musedhat
he had got thre¢hree'sand twofour's. Hethen realised hevas getting close to the
example given. He began to see that each combinatisjust agikely as theother. He
said:"Maybe | am changing mgnind" and finally"I've changed mymind, that'sfair.”
The third student simply declared the dras unfair. Hisattempt at asequence was:
"2,3,6,5,1,5,4 followed by the statement that a fair digould probablyshow one
repetition. Hisidea of randomness wathat it was uniform.The idea of small sample
variation did not seem to be in these two students' repertoire or experience.

These observations differed two respects fronthe first exploratorystudy. First, two
students reasonetiat therewould need to be manthrows and second,another two
students declared the die was biased with one subsequently changing his mind.

Potential Issues

Were these differences observations a result of school instructiorf® two students

who reasoned about long run relative frequency were the most recent school leavers of the
interviewees, whilehe one studentvho declared the dievas biasedwas the oldest
interviewee.The intervieweewho subsequentlychangedhis mind would not have
experienced di¢ossing in his schoolingWhatever thereasons it should beoted that

causal reasoningas not predominant in théirst or second exploratory studies of this
research.
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Prison Newspaper Question

(This item was chosen to explore how the students reacted to and interpreted a newspaper article.)

Private prisons will help stop suicide.
New Zealand Herald, Monday April 24, 1995

A perennial problem
facing prison administ-
rators is inmate suicide.
Levels fluctuate greatly
without apparent cause but
a hopeful tendency over
the past few years has
been that rates have
generally fallen.

After rocketing in the
early 1980s to an all-time
high of eight (288 per
100,000) in 1985, prison
suicides showed a down-
ward trend.

Between 1985 and 1989
there was an average of 5.8
suicides a year; between
1990 and 1993 it was only
4.25. In 1993 there was just
one.

These reductions
occurred at a time when
the prison population grew
by 68 per cent, from about
2800 in 1985 to 4700 in 1993.

But suddenly and
perplexingly, prison
suicides seem to have
taken off again. There
were 10 suicides in 1994
and, with another two so
far this year; the trend
threatens to continue.

Justice officials cannot
say why.

Figure 6.3 Prison Newspaper Question
Prison Newspaper Question 1:

Read this article (Fig. 6.3) and tell me in your own words what you have read and how you
react to the information.

Observations

One student focussed on the detail of the data, wonderingehdvfigure was calculated
and critiquinghow the datawere presented:the time framesthat are used aren't
consistent . . . if yoaverage 93 and 9gou get anaverage of5.5 per year instead of 1
one year and 10 anotherShealso wanted t&now about theauthor, possibly, t@aheck
out biases and hidden agendas beltined article. Another studerguggestedhe data
presentatiorwas not appropriate®averagingthis out likethat for periods offour years
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isn't necessarily a very good way of doing it. It woulbter toshow year by year the
amount of suicides ndihe variation.” Another queried whether the suicice had gone
up, asthe prisonpopulation had increasetbecausethe population increased, rhean,
just at a glancewithout looking, | would be dubious as whether theynumber of
suicides]actually have or not." Threestudents did notritique the data presentationly

describedit: "in the 1980s they[number of suicidesWwent quite highand then they

droppedoff considerably but irl994 . . ..” Suchnumerical informatiorwas not easily
connected to subject knowledge by the students.

Potential Issues

The ‘worry’ questionsnstigated by thisarticle concerned reliability of theata, whether
differentways of presentinghe datawould lead to differentconclusions, whether the
given data supported the centieet of theargument, and whether usingate measure
would lead to a different conclusion from a rdatameasureAll theseissues,raised by
three of the students, suggested that they had adoptétta mode ofthinking whereas
the other students could be described as having adopted an uncritical thinking mode.

Further questions frortheir responses were raised. Haveasuremenissuesand text

data beerfeatures of statistics courseSRouldthe comparison have bebased on raw

data or beerexpressed as mte? Wherhuman life was involved perhap<ata were
looked at differently. (e.g. At the current rate of aircraft acciddgr@sumber ofatalities

has been acceptable. In ten years time, with the increase in aircraft traffic, a jumbo will go
down every week using the same rate. Will this be acceptable?).

Prison Newspaper Question 2:
Later prompt: the justice official could not explain why, can you?

Observations

To explain the increase isuicides,all students thought of a number cuses, an
expectationfor statistical thinking, and twotalked about independent and dependent
events.

". . . seeand look at problems like overcrowding, whether oot people are
psychologically disturbed.”

". .. you don't know that they're independent either do yooGuid have been a suicide
pact that was suddenly made.”

It would appear thatlisaster coupled with familiar contextpromoted causahinking.
Current concerns in the community were drawn on for possible causes.

Two students gave explanatiothstinvolved the role of randomariation.One ofthese
students wasble to articulate smaWNersuslarge sample variation ideas and had an
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appreciation of the sampling behaviour of averages but said that he wouidvaismate
causes because it was a human problem.

"They're getting such a wide variatidiecauseyou are dealingwith asmall number . . .

the smaller your sample . . . the bigger the variations you can expect the lamer the
populationyou havethe morethere'ssort of potential, thingseem to even out. In the
same way that if you do a survey over a week you get a lot of ups and downs - if you did
it over 20 years you would find it pretty constant.”

The other studensuggested one cause could be statistlts got to have some
influence.”He was able tarticulate probabilistitcdeas even though he seemed to have a
deterministic notion about random variationstatistics.The four other students did not
proffer the idea of random variation.

Potential Issues

All students went through the phases of reading and understanding the text, describing the
data and interpreting the data deterministicallyus context knowledgevas a source for
statisticalreasoning. Has thisontext knowledge been recognised as important in the
teaching process?

Two students werthe extrastep of interpretinghe dataprobabilistically. One of these
students had concluddbat the die of the diguestion wasunfair and forthe map
question had produced deterministeasons.Why had this question triggered those
ideas? Had the context of thjeestion ortthe extra information on the suicide rateer a
number of years produced those ideas, or was there an interview effect?

The subjectknowledgethat could have been triggered thys article was that, at first
glance,ten suicides in one yeawvas an unusual resulthe students coulchave then
recognisedhat the data could be roughly modelled by a Poisson distribution. &aiole
mental calculations could then have bpssducedo find out whether the result could be
explained by variation. Even though nonetloé students recognised this adPaisson
processthey should have still considered variation as a possibility and hence been
prepared to interpret this data from a probabilistic as well as a deterministic perspective.

Students should also be awaretloé reality ofsuch asituation inthat, firstly, because it

was a procesthatwould unfold over timethere should be a watchingrief on future

data. Secondlythat because was ahumanproblem, acausewould often be‘found’,

even if itwasnot theactualone, in areffort to appease critics. liact, ayear later, an

article appeared in theewspaper reportintiat agroup lookednto thehigh number of
suicides in prison and had found at least ten risk factors for, or causes of, suicide. On the
review group's recommendation ‘a successful method of reducing suicides in prisons had
been developed'.
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Prison Newspaper Question 3:
Further into the article the author Dr Greg Newbold mused that "it could be that the recent
surge in suicides is a random blip.” What did he mean by this statement?

Observations

The four students whdhad not suggested this as one waypeoceive the data readily
agreed with the statement. Random blip to one student feandn't think of aeason”

or later on"an accumulation otircumstanceshat cannot really beexplained.” Another
student had a visual picture of a blip on a computer s¢he¢happened at random and
that random meant ‘not able to predict’.

"It wasn't uniform, couldn'predictwhere it was going to be. . .What | am saying is

that 1 don't think youcould predict it [recentsurge in suicides], don't think youcould

say based on the last 10 years worth of observation, on how many sutwd#ss year

is going to bethat amount.No, | don'tthink youcould do that, Ithink that there is
always going to be that margin of error - there's just too many physical influences outside
- outside of the statistical evidence.”

He compartmentalisetis reasondnto the two categories of statistical evidence and
outside physical influences. He did nappear to understansmall and large sample
variation but did have goodidea ofrandomprocessesThe otherstudents saithe blip

was the result of a cause, such as a ‘heatwave’, and with further prompting produced the
idea of a trend with an occasional anomaly.

Potential Issues

Classroom instructiotypically has used randomevicessuch ascoin tossing in which

there would be an underlyingoelief of inherentconstancy. However forsocial
phenomena theraould be an underlyindelief thatany perceived constanayould

change ovetime andspace.Therefore the connection between ideasasfdomness for

coin tossing and ideas of randomness for social data have been subtle. There has appeared
to be no link made betwedrow people think and the teachimgyocess.Probabilistic
thinking would seem to require a global overview and an ability to stop thinking about the
detail of thenumbers and¢auses. It wouldeem thathis is a new way of thinking for
students when confronted witocial data. This finding was supported liye recent

work of Konold et al. (1996and Hancock eal. (1992) who foundhat students had
difficulty in adopting an aggregate-based perspective, preferring to reason instead on an
individual basis. Another facetfor thinking about group propensities would be the
awareness of random variation. Randomness has an abstract concept. Syraessall
applications have required a deep understanding of random behaviour and an appreciation
of how randomnessould beused tomodel variation. Random variatiortnas been
conceptually imposed on real processes at levels which were not yieldietetoinistic
thinking. Even statisticiansvould find it difficult to define random variatior(Wild,
personal communication, 1996).
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Prison Newspaper Question 4:

The author also stated that "Maoris were 1.5 times more likely to commit suicide than non-
Maoris.” What comments would you have after reading that statement? What additional
information would you like to see in evaluating this statement and why?

Observations

Three main themes could be drawn from the students' interpretation of this statement. The
first theme was the judgement of the number in context. Three sfutients queried the
calculation of 1.5. Statements were made suctwamild need to knowhe proportion of

Maoris in prison before agreeingThey wanted t&know whetherthe numbemwas based

on the raw data or on a population proportyehwhen probed furthethey were unable

to articulate how the 1.5 ratio could be worked out.

The secondthemewas that contextuaknowledge was &ey component of processing
statistical information. The students proffered causeshyf Maori were 1.5 times more
likely to commitsuicide and thought of factors theyould look at for an explanation.
These causes wedzawn fromtheir own background knowledgand reflected current
community and media information.

". . . because the Maoris ithis countrysuffer from acultural loss which is saleep
rooted within them . . . | could quite believe this statistic.”

"...doesn't surprise me . .. economic circumstances and all those sorts of reasons.”

For some othese studentthe thirdtheme indicated that the@xperience, theicontext
knowledge,prevented thenfrom questioning or looking d@he datafrom anotherangle.
Two students appeared to be in a transition phase betegeepting andjuestioning the
statement, though this could be attributed to an intervietfect. Theytentatively raised
such concerns as:

" ... would like a breakdown of crimes committed";

“. .. maybe suicides in general have gone up. | mean suicides in the populagemenal
have gone up, then it might be something to do with society. “

The adoption of aritical stanceand the raising ofoncerns about statements in reports
was tenuous. Five studerdgl not think of stratifying on variables other th&faori
before agreeing with this statement.

One student after several prompts suggested stratifying on other variables.
"Splitting into Maori and non-Maori is -it's only one way of categorisingpeople. You
could split it into gangnmembersand non-gang members,violent offendersand non-
violent offenders . . . I'm not su@bout] splitting everybody byace. There'stoo many
other factorsinvolved whypeople commit suicidether thanwhether theyare Maori or
non-Maori.”
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He was aware of the multiplicity of factotisat couldresult in people committing suicide
and that therewere many variableshat could beproposed as aexplanation of the
variation. Such a critical attitude should be promoted in statistics.

Potential Issues

The comparison base for numbers wias well understoodRatios would be @ommon
way of expressing statistical information, yet have they been addredgpatah statistics
courses? Have studeriteen giverraw datasuch asthe number ofsuicides ineach
category and thproportion ofthe population in eacbategory, andhen asked tavork
out the ratio? Have they been asked to work out fatesaw datasuch aghe number of
deaths on theoad per100,000 people, oper 100,000 cars, omper 100,000 Km
travelled, as a method of comparison with other countAesPthenasked to interpret,
from these several perspectives, whetRew Zealandhas a poor roadatality record
compared to other countries? Have thllgcussedthe fact thatraw data might be
appropriatewhen comparing yearly fatalities iNew Zealand only?Students ought to
have agood grasp of comparison bases for figures and a sers®vofo comparedata
numerically.

Students also might need to be aware that their context knowledgelimigllheir search
for alternativeways of looking athe data. Thatis, their own beliefs and experiences
could affect theway they perceived and receivethtaand information. In instruction,
such context, as in this newspaper article, could prove torich aourcefor prompting
hidden beliefs and opinions and promoting the development of a critical attitude.

An awareness that other explanatory variables might be better predictors might require an
ability to look globally at the data, to re-aggregate and then to re-stratify. Perhaps students
lacked the strategies and thinkit@pls to proposelternative explanatory variables or
perhaps they were not the habit of critiquing the classification data. Hancock et al.
(1992) stated that a consideration of what might have been neglecteddatatwllection
process, and the realisation that data were a ntioainly partially represented the real-
world situation, were key ideas in critically thinking about data-based arguments.

Basketball Question

Suppose that a basketball player over a long season has scored 70% of her free throws. Three-
quarters of the way through a tournament game she attempts five free throws and scores on
only two. The team manager attributed her performance to normal variation, that she scored
70% in the long run and that 70% was only an average so that you had to expect some low
scores now and again. Critique the manager's comments.

Observations
All students thoughthe manager'sexplanationsoundedreasonable and adddidat the
odd blip was due to a causethat they couldseewhy other people might attribute it to
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something else. One student articulated his opinidthasnanager's comments are OK if
that istheway he wants to look #te scoreand not on'we want towin"™ and then he
gave possible causes.

Potential Issues

Describingsuchdata agandom variatiorhas not solvegbracticalproblems onthe day,
but it has given data on consistent performergeétity alow score wouldorecipitate an
analysis of why ithad occurred sdhat changes could bemade. Furthermoréhe data
might be part of an unstable process.

Has statistics teaching vieweslichdatafrom two perspectives? School instruction has
seemed to have concentrated on probabilistic thinking from a raddeice perspective
(Biehler, 1989), which hagot been a realistic portrayal rindomness in statistics. Yet
in understanding randomnessmple models have been needed on whicbud. The
problem has been that teaching has not continued the process to the more complex models
involving measuremerdata. Hageachingfocussed on thigprobabilistic perspective so
that we have ended wpith 'school statisticsand'real statistics'? Hathe probabilistic
perspective been theole base foteaching orhas it justbeen anotheway of looking at
the data? Such multiplicity of perspective and interpretation ought to be expticaiyn
attention to, by the teacher (Masd®89). The causal aspewtould be anmportant part

of thinking statistically. The dual way of thinking would be ‘statistical thinking'.

Landwehr et al. (1995)stated thatstudents should bemade aware of their
misconceptionsThe judgement of a misconcepti@ssumedthat therewas only one
solution for asituation although statistical thinkirgas requiredlual modes of thinking
which were partlyincompatible (Biehler, 1994b). Ateacher may have required a
probabilistic perspective but the student may have given a determipésspective.
Should dual perspectives be required in the instructfmmocess?Later on, with
experience, studenmight become experts arkthow when tolisten to their intuitions
(Fischbein, 1987).

“ [Experts]know the different types of thinking and the interface between the
two, and inwhat circumstances tose the one or theother, and they use
metaphorsand experiencefrom one domainfor the benefit of theother”
(Biehler, 1994b, p. 8)
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Fitness Newspaper Question (New Zealand Herald, May 1995)
Tell me in your own words what the article is about (Fig. 6.4). When you read data like this
what questions are running through your mind about the study?

No limit on fitness

AP Washington

It is never too late to get fit, ac-
cording to a study comparing the
survival of men who started and
maintained exercise programmes
with those who never exercised.

Mr Steven Blair, head of the Coo-
per Institute for Aerobics Research
in Washington, says a 10-year
; study showed that men who were
“unfit but who exercised their way
to good physical shape had about
half the number of deaths of those
who stayed unfit.

When- only heart attack deaths

efit was even greater, the research
found.

The research, published this
week in the Journal of the Ameri-
can Medical Association, studied
9777 men who each took two mea-
sured treadmill tests five years
apart between 1970 and 1989.

For those judged unfit in both,
the death rate in the following five
years was 122 per10,000. For those
judged fit at both tests, it was 40
per 10,000. And for those judged
unfit at the first test, but fit in the
second; the death rate was 68 per

Men in the test ranged in age
from 20 to 82 years. There were
benefits from exercise, however,
no matter what the age of the men.

Fit men aged 60, for instance,
had a 50 per cent lower death rate
than persistently unfit men of the
same age.

“It is never too late to take up
exercise to improve your risk of
preventing heart attack,” Mr Blair
said. “A sedentary lifestyle is a very
important health risk.”

He said that 20 to 25 per cent of
all Americans led totally sedentary

were considered, the exercise ben- 10,000. lifestyles.

Figure 6.4 Fitness Newspaper Question

Observations

All students went through a prolonged reading and understaptiage. The main
message wasot easily comprehendedVords wereread andreread, defined and
clarified. With prompts, all students knewother variables thashould betaken into
accountsuch agnedicalhistory, diet, weight, stress, smokingll of the factors were
current concerns in the community and in the media.

Another student, whogave no indication on the othguestionsthat he knew about
random variationnow gave a very lucid account af Ideas of‘in the long run’, of
predictable within a range, of things that ‘iron out’, and of a trend, were articulated.

Potential Issues

Why had this article triggered ideas about variatama student and not any thfe other
previous questions? Had the basketball question suggestedetfsThere seemed to be
a lack of interconnection of ideder processing information. Howould instruction
involve students seeinthe underlying commonalities, seeing and experiencing the
underlying thinking™Has teaching needed to makieis thinking explicit? When context
was used, have widely publicised concerns affected the way students think?

6.4 Second Interview

The second interview (see Appendiwvo) included thefollowing items. Only five
students were available for the second interviewthdttime ofthis interviewfour of the
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students hadcompleted formalcourse work onsignificance testing and LSD (least
significant difference) plots.

Genetic Damage Question (adapted from Margolin, 1988)

Human monitoring for exposure to and damage from genotoxic agents is commanding increasing
attention. The interplay of environment and genetics on human health means that scientists
need to develop methods of measuring damage to human genetic structures. A method that has
been suggested is the counting of the number of SCEs observed per cell. An SCE results from a
reciprocal exchange of DNA between two sister chromatids (the two spiral filaments that
constitute a chromosome). Some scientists believe that an SCE is a possible measure of genetic
damage in an individual's DNA. For a particular individual the average of the SCE
measurements is recorded.

The graph below (Fig. 6.5) is a plot of genetic damage. Initially the scientist divided the
data up into these racial groups. If you were the scientist what would you think and what
would you do next?

——
Asian 0 om o o) )
Native —
American oo ® 0 00
. r
Caucasian @om o o
¢ 9 >

Black 0O O 0000 O 0

1 1 1 1 1

0.5 1.0 1.5 2.0 2.5

DISPERSION

Figure 6.5 Genetic Damage Question

Observations

Thefirst phase waghe reading and interpretation of the graphfeatures.Datawere

looked at indetail: scales, means, spreahmplesize, outliersand finally therecall of

how to interpret the LSD plots. They did not think of visually removinggoutlierfor the

Black group in order taget another comparison of LSplots. Some mentionedhey

would like to see largegamples, stave they misunderstodbe role of the LSD plots?

Many causes for the difference between the Asians and other groups were mentioned such
as heredityproblems, nutrition, toxins ithe environment.All ideas wereocussed on
investigating possible causésr Asians having a highegenetic damageate. After

several prompts some suggested splitting the racial groups into male and female.
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Potential Issues

Even though emphasis wast on theword ‘initial’ students did not think of stratifying
the data on other variablés.g. genderpccupation). Wherchallenged about this the
students saidhey were readinghe data thatvere presentedThey assumedhat the
scientist believed theneas adifference betweenracial groupseven though thisvas not
stated. Howhavestudentsdbeen encouraged to lookthe datafrom acompletelyfresh
perspective? Thetudents in class hadvestigatedpossible relationships idata tables
using a computer bigomehow this knowledge of stratifying other variablesvas not
transferred tdhe situatiorwhere a graph was presented. A possibdiyld be that the
graph contained kot of detailed informatiorwhich could contribute tabscuring the
bigger picture in theanalysis. However iappeared thawvhen there was systematic
variation students did not seem to question the undergssgmptionsWas this because
students have not done long extentiesks,not carried out a statistical investigatithrat
went through several cycles of the enqurpcessnot been challenged to explore every
possibility before reaching tentativeconclusion? Have studerggperienced classifying
and reclassifyingdata into differentgroups and noted the differences ipossible
conclusions that could be drawn?

Investigating Relationships Question

Students were given birth data information, a small part of which is shown below (Table 6.1).
They were familiar with the computer software DataScope (Konold & Miller, 1995). They
were first given the meaning of each variable and the reason why the data were collected.
They were then asked to investigate any relationships in the data set. (Note: Since time was
running out in the interview it was suggested they investigate whether there was a link
between smoking (SMOKE) and birth weight (BWGT) first. )

Table 6.1 Investigating Relationships Question

ID |LOWGT | AGE MOMWGT | RACE SMOKE PREM | HYPERT | UTIRR | FTVSTS BWGT
1 0 20 46.7 | white| vyes 0 no no 1 | 2557
2 0 23 57.8 | black no 0 no no 1 [ 3062
3 1 34 46.7 [ white| vyes 0 no no O [ 1818
4 1 25 46.7 | other no 1 yes no 0| 1330
5 0 27 57.8 | other no 0 no no 0 [ 3969
185 1 20 66.7 [ white| vyes 0 no no 2 [ 1928
186 O 22 42.2 | other no 0 yes no 0| 2750
187 1 29 53.3 | other| yes 1 no yes| 0 709
188 O 26 74.7 | black| yes 0 no no 0| 2920
189 O 15 60 white no 0 no no 0| 3941

Observations

For the relationship between mothemoking and birth weight othe baby they
endeavoured to plot graph.With one exceptionthe bargraph waghe first choice. On
seeingthat it was inappropriate they then chose a boxplotsoatterplot. Once the
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appropriate display was chosen they were asked what they would d®negbncluded

that smokingwas afactor inlow birth weights as itvas obvious fronthe graph.Three

said they were natble to reach aonclusion as the samplegre too smallWhat they

would donextwould be totake a largesample.Even thoughour of the five students

had covered significance testing in a formal course only one stsdegested dest

which she successfullyarried out in Datascope. On further questioning alimeitideas

behind significance testing not one studeras able to fully articulate the idea that:
‘Although | know that my particulasamples for smokers and non-smokiease these
particular medians and spreads | know that if | repeat this study with the same sample size
I will get different values. So, is this difference in medians | see betthedwo groups

due to random variation or is there a real difference? Suppose what | see is due to random
variation how often will | see this difference or larger? This difference or laogers 4

times in a 100 through random variation only. Therefore . . .’

Potential issues

The lack ofawareness byhe studentsthat boxplots allowed comparison afatafrom
differentgroupsraised thdssue ofteachingmethod. Was thitack of awareness due to
instruction being based on learning to elxhdisplay separately, witlittle opportunity
being given to students to choose the appropriate display?

Four students could procedurally carry out a significance test from a standard coursework
problem. However when confronted witie raw dataand then thgraphthreestudents

did not suggest using suctcanfirmatorymethod.The ideas behind significance testing
were not wellunderstoodWere these ideasot well understood becaugbey had not
experienced or conceptualised random variationhost of contexts and situations? Or

had instruction revealed ontize procedure not the method of thinking@w could the
instruction processncourage students to adoptrdical attitude?How shouldteaching
encouragesuch thinking as: ‘None ofhe ways I've looked at thedata reveal any
structure. Perhaps | have not asked the right question and if Irdighit reveal structure

so in the meantime | will model it asndom’. To understandignificance testing the
student needed an understanding of random and systematic variation, and an awareness of
the dual cultures of thinking probabilistically and deterministically.

6.5 Some Conjectures

Conjectures about Developing Students’ Interpretation Skills

Gal etal.'s (1995) cognitive and dispositional componeriits interpretation were the
ability: to comprehend; tmmvoke 'worry' questionsabout; to evaluateand tochallenge
media reports. Using this framework for the interview items, it appdaatdhestudents
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could comprehend statisticajraphs and hadpartial comprehension ofnumerical
information intexts. The students had gartial list of 'worry' questions suggesting an
unstructured approach towareigaluatingitems. They wereable toexpress opinions on
the items butwere not good at raisingoncerns. Acritical attitude was partially
developed.

Therefore thershould be a consideratidhat students would not bable tousethese
interpretive skillsunlessthey: hadfirst and foremostontextknowledge othe situation
wereable tojudge numbers in contexivere able tounderstand variationwere able to
reason within uncertainty and were awar¢hat data could be interpreted differently
dependentiponthe personalviewing lensof the author. Reasoningvithin uncertainty
from a context perspective would mean reasoning with insufficient information, and from
a subject perspective would mean reasoning with margins of error. Acotheonent, a
metacognitivecomponent, for interpretation should be considered. ddngponent has
two aspects: knowledge obgnition and regulation of cognitiogfghaughnessy]1992).
Knowledge of cognitionncluded knowledge of strategies and self knowledge of beliefs
and attitudes.The interpretation of statistical information ireports might need a
systematic approach gbat studentshave knowledge othe strategies taserather than
relying on theirintuitions. Regulation of cognition included monitorirgow decisions
were madeunder uncertainty anthentally stepping aside toeflect on theprocess of
decision making. If students were awd#rat their interpretation of statistical information
was based otheir experiences and perspect(@artholomew, 1995; Hancock etl.,
1992; Barabba, 1991)hen they might deliberately seardr alternative explanations or
judgements.

The comprehension of information intext should also be addressed fronremading
perspective. Resnick (1987) stated that four kinds of knowledgensededor readers
to comprehend &ext: linguistic knowledge;topical knowledge; and knowledge about
rules of inference and conventiorr@etorical structures. Successful readgrsssessed
more of these&kinds of knowledge.Cognitive research in reading suggesteat for
higher order readingnultiple interpretations of textarere part ofcomprehension. It
would seem thathis would alsoapply to the interpretation afediareports from a
statistical perspective. The important role of knowledge atheitext's subjectmatter in
higher order reading concurred with the findings in this investigation.

Another matter that bore looking &asthe role ofstructuring a statisticallpasedstory.
According to Resnick (1987) and Cur¢it987), standard rhetoricdbrms were used by
the reader as scaffold for interpretationThat is, the order in which information was
presented played a key role in tleader'sunderstanding and interpretationtbé story.
Students might not have had enough experience in reading statidiasdlgt stories to be
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able to intuitivelyunderstandhe framework ofthe story andhence thiswould make
understanding and interpretation more difficult.

Conjectures about Critical Thinking

From thisinvestigation some characteristics sifitistical thinking have bedentatively
conjectured. Two modes of thinking could be identified, critical and uncritical thinking, in
an item analysis of the interview tasks. The uncritical thinking appeared to be
characterised by the first stage of reading and understatigipgoblem, understanding
how the datawere represented, artience giving a description or summary of the
situation. This would appear to be an important first stage in interpretive analysis.

The second mode ofritical thinking appeared to operationalise higher order thinking
skills whereby the student had to producematesomething out of the givesituation.
This mode seemed to have sevétahtifiable parts.One part reflected criticathinking,
whereby'worry' questions abouhe data representatiand reduction wereonveyed.
Through the use of subject and context knowledge the student wondered \ietiea
could be measured, classified, stratified or interpreted in somevadlyeiThis part could

be classified as critical thinking from a deterministic perspective.

Another part of criticathinking appeared to be conveyed through production of subject
and context knowledge witthe recognition, for examplethat variationshould be a
consideration (and hence modellitige situation, such athe suicidesituation, with a
PoissonDistribution might beappropriate). Specifically, questions should be raised on
whether the variation was real or random, or what was the impact of the exafteand

the extent of, the unexplained variability on gitiation. Thispart could be classified as
critical thinking from a probabilistic perspectivéhe more statisticaiools andcontext
knowledge students hathe more advantaged theyould be inthese parts o€ritical
thinking. Howeverthe first step would be to recognigbe situations inwhich that
knowledge should be used.

A further part tocritical thinking would, perhaps, béhe production of a considered
judgement and an insightful interpretation of the statistichhged report. It was

interesting to note that parallels to these modes of thinking might be drawithiework

of Ben-Zvi and Friedlander (199@)ho identified those two thinking modes in students
involved in statistical investigation activities.

Conjectures about Causal Thinking

From astatistical perspective it appeared that shedents propensity to consider only
causal aspects without consideratiomvards probabilistic aspectsvas non-normative.
However onreflection from apractical realistic perspective wtas conjectured that the
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students ‘were right’. Any problem presented shomalve the searclfor causes and a
causal analysis (see Section 9.3).

Conjectures about Measurement

A theme arising fromthe student interviewwasthe issue of whaguantitative measures
and classification measures should be usedt¢opret thedata. Alack of querying such
issues by the students would suggest a lack of experience in this area.ifarpiating
or setting up a data-based argumewould be to consider whethéhe measurements
reflected the reakituation, and whether anothereasurementvould provide another
plausible explanation or a new perspective on the situation.

Conjectures for Teaching

It would appear that the interpretation of statisticgbortsmight need to be explicitly
taught as thetudents in this study did neeem to have strategiésr interpretation. If
interpretation was taught then several implications might need to be considered.

The first conjecture for teachingas that studentanight not have the contekhowledge

to interpretreports. Therefordyefore interpreting aeport,they would need to be given
readings to build up their background knowledge, or articles should be dhasdave a

high media profile orwhere the student-context-knowleddease wasgood. Students
would be better to share their context knowledge and subject knowledge through working
co-operatively on interpreting an articluch an approach would fact be simulating a
multi-disciplinary effort that would be prevalent in solving real statistically based
problems.

The secondconjecturewas that studentsmight need aframework as a strategy for
critiquing statisticalinformation. Anexamplewould be the empirical problensolving
framework, based oWPPDAC (MacKay & Oldford, 1994) the cycle of scientific
investigation, which wouldequire eaclstep inthe cycle to bdirst identified and then
critiqued.

“e Problem: The statement of the research questions.
» Plan: The procedures used to carry out the study.
« Data: The data collection process.
* Analysis: The summarieand analyses of thedata to answer the
guestions posed.
» Conclusion: The conclusionabout what has beenlearned” (adapted
from MacKay & Oldford, 1994, p. 1.8).

Such issues as measurement and classificatortd then beaddressed at several points
in the cycle. Another tool, such adghe fishbone diagram, could be usefor positing
possible explanatory variables during the critiquing phase.
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The third conjecturevasthat variationshould beexperiencedusing data. Amability to

take a more global perspective of data rather than a local perspective (looking at individual
data) was an important ingredient of statistical thinking. An understanding of how dice, or
how ideas ofrandomnesscould beused as amodel for exploring data might be
necessary for learning how to process such information. Konold et al. (1991) suggested
that a ‘component’ view of phenomenon, that is an understaticligheasures could be
decomposed intadwo sources of variation, random (unexplained) aystematic
(explained) variationwas needed. However iuality control another viewas been
taken:"All variation is caused. Unexplainedariation in aprocess is aneasure of the

level of ignorance about the proce¢BYyzdek, 1990, p. 102).

To overcome this conceptual barrier random variation might need to be defined as a
multiplicity of causes that were chosen to be ignored irdéte(Falk & Konold, 1991),

and that when apattern could not beliscerned,the phenomenorwas modelled as
random. From these various definitions it would appear that an understandegatdn

in social data might be based on thegppositions: (1) someariation can be explained;

(2) other variation cannot be explained on current knowle(®)erandomvariation is a

model which can be superimposed as a means of coping with unexplairsin; and

(4) randomness is @nvenient human construct whichused todealwith variation in

which patterns cannot be detected (see Section 9.3).

Another problematic area of variation has been the propensity of media articles to focus on
a clustering of random evergsich as apate of aircraft accidents or an outbreak of a
flesh-eating diseastDespite our constant exposure to #ilects of randomness, few of

us have ggood grip on what itis, or how it behavesstill less how togenerate it"
(Matthews, 1995, p. 38). Tenderstand how sudakvents could occur through random
behaviour, specific news or news-type items couldided. Thesenews situationgould

be modelled and the simulati@hould demonstratehow suchclustering or variation
above or below a trend could happen through chance. Stuslenitl alwayskeep in

mind that there could be a causadplanation. Such aactivity should connect ideas
between random behaviour in random devices and in social data.

Some other conjectures for teaching involved understanding text information and differing
interpretations ofdata. In order to understamdimerical information intext, students
could be giverraw dataand asked to writéheir own newspapearticle using rates and
ratios. Beins (1993) fountthat students who wrote pressleases after their analysis of
data sets acquired better computation and interpretive skills than stadhendsd not. To
understand howdifferent interpretations of data could beade, students should be
encouraged to argue and interpdata from different perspectives. Deange (1987)
commented that the critical judgement of statistical dea not easy to teach. One
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successfumethodused in his HeweProjectwas totake two opposingstatements and
request students to find out which omas correct by providinghemwith the statistical
material onwhich the statementsvere based.The Mathematics inNew Zealand
Curriculum (1992) also recognised this as a possiblethod of learning to interpret
statistical information"Working in groups of three, studergsllectdata on aopic, and
use their data to support different sides in a debgte"194).Begg (1995) hastatedthat
reasoning with uncertainty in statistics and reasoning egttainty inpure mathematics
were different types of reasoningndthat perhaps teacheshouldmakestudents aware
of the difference.

6.6 Conclusion

From this analysis of sonstudents'thinking it would seem that teachingas enabled
students to learn statistical techniques, language and graphical representation yet it has not
adequately fostered the ability to think statistically. Students used multiple frameworks for
reasoning statistically. Perhaps this was because of the conte&tmoblem (Watson &

Collis, 1994), or that statistics teaching has been compartmentalised into EDA, probability
and inferential method®iehler, 1994b)and hence the underlying thinking bbdw to

process statistical information has never been interconnected.

Teachinghas not ascribed tgsteningto, or challenging,students'statistical beliefs and
therefore studentdave held on to theiown beliefs while learning statistical theory
(Borovcnik & Bentz, 1991). Ifteaching was to be effective then activitiesthat
encouraged students to adoptreical attitude(de Lange,1987), and toevaluate their
intuitions (Konold, 1991)and their context-knowledgeeliefs, ought to be developed.
Students should bmade aware that cultural conditioning might influence way data
were perceived.

To think statistically a student must hauaderstood andexperienced systematic and
random variation andperhaps deliberately used the dual modes of thinking
probabilistically and deterministically. Ideas mindomnesshave to be built up from
random devices, tall kinds of measurementata, for an understanding of how
randomness was usednwdelsuch phenomena. Thmsight encourage a fundamentally
differentway of thinkingabout theworld (Porter, 1986; Falk &onold, 1992; Moore,
1992; Landwehr et al., 1995). Also, for effective teaching, it would be cruciatdhtext
knowledge and subject knowledghould be recognised as underpinnithg art of
statistical thinking.

120



Statistics cannot be taught like mathematics. Statistio®igng away fronmathematics
back towards its roots as scientific enquiryprocess (Cobb,1991; Biehler,1994a).
Statisticians are challenging the teaching of statisticgr@sedures and emphasitbat
statistical courses alsaneed to developstudents'statistical thinking (Bailar, 1988;
Barabba, 1991; Snee, 1993; Wilth94). The interpretation of statisticagraphs and
everyday numerical information imediareports requireshe development of aritical
attitudeand the development of statisti¢hlnking. According to ResnicK1987), some
features of higher order thinkirgge: that itrequiresthe ability toform judgements and
interpretations; that itequires effort;that it involves self-regulation othe thinking
process; andhat it may involveuncertainty. Watson andoritz (1997) suggedtat the
guestioning ofclaims reported in thenedia represent the highedével of statistical
thinking. Using these definitions of higher order thinking, thigestigationsupports the
view that the interpretation of statistical information in reports ithéncategory of higher
order thinking. These general definitions may need to be clarified to include some
peculiarities of statistical thinkinguch asthe ability to thinkboth probabilistically and
deterministically, or both aggregate-based and individual-based. Intermigtise which
involve asynthesis ofideas from diversglaces,will not be as easy téeach as the
methods, and procedures, of statistics.

6.7 Summary

Further exploratory studiemre needed to investigate the characteristiggoofl statistical
thinking, the role ofvariation, what skillsare required to interpret statisticalhased
reports,and what approaches should be usethenteaching and learningrocess.In
order to ascertain the characteristics of statistical thinkindptlueving aspects havbeen
conjectured as possibilities that should be considered:

* the interdependence of context knowledge and subject knowledge;
* the operation of different modes of thinking:
» critical and uncritical;
* probabilistic and deterministic;
* aggregate-based and individual-based,;
« the role of cognition, disposition and metacognition;
* the role of variation;
* the seeking of causes;
* the role of measurement;
* extracting from many different contexts the essential features of the problems;
» ways of developing students’ interpretation skills;
* and the role of frameworks and thinking tools in teaching.
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At this stage wenade adesign decision to interviegix professionastatisticians in the
third exploratorystudy and six undergradugteoject students inthe fourth exploratory
study. Wefelt that uncovering some of their thinkingrocesses, duringmpirical
enquiry, wouldhelp in the construction of framework for statistical thinking. Time
constraints prevented me from observing and interviewing statisticiansprajett
students, through the course of year-long investigations. Thetbésabjects would be
required to reflect on past investigations in which they had been involved.
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