Chapter Eight
The Fourth Exploratory Study : Towards
Characterising Statistical Thinking

The themes and categories extradtedh the statisticians’ interviewformed, for

us, aninitial characterisation of statisticshinking. Using these abstractions, a
phrase-by-phrase analysis of the project-student interviews in the fourth exploratory
study resulted in a four-dimensior@ldificationsystem to describtheir statistical
thinking processesThe evolvement ofhis system,and its subsequent testing on
thefirst and second exploratory studies’ student intervieamsdiscussed in this
chapter.

8.1 Introduction

The positioning ofthis chapterposed adilemma since Chapter Qvas being written
concurrently andvas being continually reconstructed asw insightsemerged from the
fourth exploratory study datdhe third exploratonstudy had furnished anstimulated
ideas about the need to develop thinkingls for statistical investigativevork, about
dispositions and abourherently statisticalvays of thinking. Howevethe interrogative
cycle and the description of thinking simultaneously in four dimensions did not crystallise
until a thorough analysis othe fourth exploratory studydata had beenundertaken.
Furthermore this fourth exploratory studsta developedot only further aspects of the
model (see Fig. 9.1) but also provided some model verification. Thus this chapter, which
describeghe evolvement of the four-dimensiorfehmework into a coherent organised
form, should be read in conjunction with Chapter 9.

In thefourth exploratory study foulemalethird year project-students and one fiystr
male project-student were interviewedhree were majoring irstatistics, one was
currently enrolled in one Stage 3 paper andfitise year project-studenwas enrolled in
Stage 1 statisticsAll were inthe age rangd7-24, had a background of Form 7
mathematics, and could be classifiedsaglents.The criteriafor selection wereghat the
students were(1) willing to participate;(2) currently undertaking a statistical project of
their own; and (3) seemed to offer the opportunity for me to learn. It shouldtedthat
the students who volunteered were the prdgstleaders. None ahese students were
known to me.
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Before theinterview, |listened to a presentation of eaploject. The students were
individually interviewed indepth. Broad questions, followingsami-structured protocol
(see Appendixd-our) based orthe statistical enquingmpirical cycle, were asked. The
interviews were approximately omur long.The questions were presentedally and
were audio-taped. Unplanned probes were used in oratarify the perspectives of the
subjects.The transcript of the interview and tranalysis and interpretation of her
commentswyas presented to and subsequently corroborated by Beth (see S&&jon
The other students were given the opportunity to comment.

From all theinterviews in thefour exploratorystudies, a framework was creatéthis
framework is fullydiscussed irthe nextchapter. In order to understand how tfimsl
framework wasdevelopedusingthe fourth exploratorystudy, the process and analysis
are explained. First | demonstrateiattial characterisation athinking processes using a
statistician’s excerpt from a transcript in Secti®r2. | then give, in Section 8.3,
illustrations fromthe project-student interviews dfow the final characterisation of
statistical thinkingwas obtainedFinally in Section8.4 this characterisation is tested on
the student interviews from the first two exploratory studies.

8.2 Initial Characterisation

From a cross-analysis tiie statisticians’ interviewsee Appendix Thredhe following
emerging characteristics of statistical thinking were proposed.

Statistical thinking is thentegration ofstatistical andreal problem understandingCertain
elements underpin and/or facilitate it. For example:

* interconnecting processes

« constructing and reasoning from models

 understanding and dealing with variation

« seeking explanations

« transnumerating (a coined word - see previous chapter)

« interrogating constantly (including imagining)

 encapsulating complexity

« acknowledging and dealing with limitations
For thisthinking to occur the statisticiamust interactwith the problemsituation. This
means that the statistician wilking dispositions and the environment of the problem
situation will bringconstraints that will impinge on the statistical thinking.

At first the project-student interviewsere analysed fronthe perspective of capturing
more ideas on the thinking behind a statistitalestigation, that the statisticians’

169



interviews had notaised. Secondlythe interviewswere analysed in detail, using the
common themes fronthe cross-analysis othe statisticians’interviews. Eventually
subcategories of the themeserged. For example,became evident that variation had
the subcategories of noticing, acknowledging dedling withvariation. Are-evaluation
of the statisticians interviews reinforcttht these themeand categories were emerging
and could be identified (Pfannkuch & Wild, 1998a).

An abbreviated transcript of one of Market’s stories is given as an illustration. Phrases are
numbered for future reference.

Market’'s Story

“We did anotherjob, for the City Council andhat was measuring people’s attitudes
towards the recycling scheme (1), both attitudes and participationo&indes,and what

we were trying to do igiet anunderstanding why2), maybe,certain suburbs . . .
actually had lower levels of participation in the recycling sch@ye . . we didthat by
conducting a telephonsurvey (4) askinghemwhat they recycledthe volumes they
recycled, howoften they recycled and then a lot gdiestionsrelating to their attitudes
towards recycling and then demographics about the household (5), . . . got the data in and
we analysed it and it's mostly sensible (6) andciiually agrees with whathe council
thought about whatuburbsare good atrecycling and whasuburbsare bad at recycling

(7) and thisshowed sort othe . . .you know, the yuppiesuburbslike [a namedhigh
socio-economic area] are really thest at recycling anthe suburbs like, you know, [a
named low socio-economic area] aren't reallygsed atrecycling(8) . . . And that was

the assumption (9) . . . oglients[assumption] and we hatieir understanding of what

was happening10). But, itturned out to be onlhatwas completelywrong (11)and it

took us to look at the data, look at the numbers and to think about them and realise that we
had this assumption completely wrong (12), . . . we looked at sanest of thingsvere

being recycled in the different suburbs (13) and the way they were being medsgred

.. Our client was measuring recyclings based on wéidt Itturned outthat people in

[the high socio-economic area] looked like they were better recyclers, simply because they
were recycling heavier things, drinking wine [from glass bottles], . . . wheesase in

[the low socio-economic area] were recycling plastic drink bottles (16) . . . and when you
realise thatyou seethat there’s verylittle difference between thsuburbs interms of

taking part in the recycling scheme ahdt really is asensible interpretation dhe data

(17). . . .very nearthe end of therocess . . . we wersitting down justtalking and
thinking (18) about how we would write the report and thet presentation togethgr9)

and it sort of just dawned on us, we’ve been doing this thing all wrong . .yetat the

time | had the sense that we might have missed it.”
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Discussion on Market's Story

Market's story will now be used as a basis for describing sefements of statistical
thinking thatwere emerging, and could entified fromthe interviews. Notethat (not

incl.) meang(discussed ithe full story but notincluded in the excerpteplarts of this
story).

At the beginning of groject, understandinthe dynamics of theystem in which the
problem is set is necessdor the statistician to build up mentalmodel, or picture, of
theinterconnectionsn a system. Thisncludes thaunderstanding of howeople operate
in the system,and the clients’ perception of the problem ay$tem. Toobtain this
understandingnterrogationof people in the system anterrogationof the clientoccurs,
as well as thebserving of,and noticingvariation in the system,and the seeking of
alternativeexplanationgor the phenomenon undstudy. Before Market could produce a
survey on recycling, shaeeded to build up a model dow the recycling scheme
worked, and to build up knowledge aboetycling and thg@sychology ofthe people in
the system (noincl.). At (1) shehadmade thes@nterconnectionswhile at(2) she was
seeking amexplanationfor the noticedariation (3). Once thesystem was understood and
the problemencapsulatedmeasuremenssuesarise as tdow to capture datdrom the
system. Transnumerationoccurs whenmeasurements that refleend capture the
important elements from the real system are used at (5). The data collection process (4) by
telephonewas influenced by a costonstraint(not incl.). Variation was acknowledged
andwas dealtwith in the design ofthe questions irthe survey -thatis, variation with
regard to recycling and to tipsychology ofpeople beingsurveyed (noincl.). Despite
this, part of goarticulargroup’sdata stillhad to be discarded as a resulintéérrogating
the data for reasonableness, and of recognisingrhations of whatcan be captured by
measurement (not incl.).

At (6), asthe data are beingnalysedthere is arnnterrogationprocess whereby with an
internaldialogue,Market evaluateandjudges, withreference to whashe knowsabout
the real situation. She also checks externally (7) with the clients as to whether the analysis
is reasonable and sensible in terms of their understanditige akalsituation. At(8),
transnumeratioroccurs wherthe data are convertddbom summary statistics to w&ord
interpretation form inorder to facilitate communication. However @rimacy effect
blinkered Market to other possible interpretations de data. At (9) and (10) the
constraintsof beliefs and expectations frotme self and fromthe environment irwhich
the problem is set resulted in a wrong assumptiorf1 &), encapsulatiorof an aspect of
the analysis is possible throughterrogating the data, seekingnotherexplanationand
noticingvariation (conveyed implicitly in phrase 12) througansnumeratior(13). Here,
transnumeration isised, inthe sensethat data ardooked at from many perspectives
through reclassification,multiple graphs and transformations dhe data. The
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interrogation at (14) is anexample ofhow, in eachphase ofthe empiricalcycle, a
mapping to the reasystem andstatistical system is engageth, as well as looking
forwardsand backwards irthe cycle inorder tocheck the integrity of eacphase.
According to the statisticians interviewed it is crucial to check that measurements in the
statistical system adequately capture crucial elements in theyséain {ransnumeration

which is demonstrated ét5). At (16)there isnow anexplanationfor the variation and

finally at (17), anencapsulationabouthow to interpret the data isletermined. The
importance ofinterrogation (18) isunderlined at the finakansnumeratiorphase (19) of
communicating the data in a form that is understandable to the client (not incl.).

8.3 Final Characterisation

From the analysis of the statisticians’ interviews the PPDAC cycle can be categorised into
ten main stages (see Appendix Three). Each stage has further subcategories, one of which
is exemplified in Sectio®.4 of the nextchapter. Some ofhe issuesthat should be
considered aeach stage arpresented in therevious chapterThe ten mainstages
identified are:

1. Problem: understanding the dynamics of the system

Problem: defining the problem

Plan: measurement issues

Plan: design issues

Plan: data collection issues

Data: data issues

Analysis: planned analysis and modifications

Analysis: EDA

Conclusion: interpretation

10. Conclusion: communication.

© 0N Ok wN

At first | categorised and sub-categorissthphrase otthe project-students transcripts
with the classifications arisinfjom the cross-analysis athe statisticians’ interviews (cf
Market's story in Section 8.2). However, inconsistent repeat codifications of the
transcripts revealed problems with this categorisaigsiem. Furthermoréhe project
students wereeither describing their actions or thdininking. A rethink on the
categorisation of the project-student interview gataducedthe realisation thanodes of
thinking, types of thinking and disposition should be separated. It benddeat that the
datashould becharacterised fronfiour perspectivesPPDAC stage; interrogativeycle
mode; type of thinking; andisposition. A cross-classification tfe data madsense as
one phrase in the transcript could belong in several dimensions. The ntbéettohking
was best characterised by an interrogatige which was a runningommentary on the
thought processethat were beingactivated as the projeavas in progress. The
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interrogative cycle had the five modessekk, generate, interpretjticise and judge and
each of thesenodes had further subcategories (see Appefdiir). These are fully
described in the next chapter. The types of thinking could be characteribadtl ténking
which wasinherently statisticalvhen working in adata-based environment, aiitht
thinking which hadthe generic characteristics common to anyestigation. The
disposition waghe attitude that théhinkers brought tdhe problem, andaffected how
they dealtwith that problem.The PPDAC stage identified the particujainase of the
empirical enquiry cycle to which the student was referring.

Examples of thidetailedanalysis follow. The modes of thinking covethe smallest
phrases inhe conversatiomvhereaghe types of thinking and dispositions covearger

phrasesTherefore it is not considered necessarfilt@very box. Because thstudents
are reflecting on their thinkingrocesses, parts dfie interrogative cycle amot explicit

but can bemplied as part of the internal thinkingrocessedhat arenot articulated.
However, over the hours of interviews analysed, all parts were observed.

8.3.1 Examples of Analysis

In these examples the main categories are underfmrethe investigativestage, the
interrogative mode anfibr the type ofthinking. Where appropriate the subcategories are
italicised.

Beth

Beth was part of a team of project students who wagially required to set onarget
supplytime for the distribution department of a manufacturcwmnpany.The workers,
who were going around to collect the goods to make up a custodest could then aim
to have theordercompleted within a certaiime limit. Beth’s projectteamwere given
nine monthsdata consisting of packinglips which recordedhe time thecustomer
ordered, the time the order was completed by the distribution departmettieamsmber
and names of the items.

Beth Excerpt One

In the following excerpt(Table 8.1) Beth is talking about checking the data for
reasonableness. The PPDAC stadeata:dataissues
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Table 8.1 Four-dimensional Analysis: Beth Excerpt One

Beth Excerpt One Interrogative Modd Type of Thinking Disposition
There were one or | Criticising by Noticingvariation Scepticism

two instances wheré
we sat down and
went “this looks way
way out.”

e evaluatingnternally
against her context
knowledge

Being observant

For example,
normally the order
would take less thar

Interpretingthe data
andconnecting it to

her context

Acknowledginghe
variation

twenty four hours. | knowledge
We had one order

taking more than a

week.

And we sat down | Criticising by

and went “this just
looks real strange.”

evaluatingnternally
against her context
knowledge

So we went back to
the company and
said “would this be
reasonable?”

Criticising by
evaluatingexternally
with her clients

Explainingthe
variationor seeking
explanations

Curiosity
Scepticism

And they actually
looked at that
specific instance an(
said: “yeah, that
would be, because
that was one that hg
been back ordered
and we had half
completed the order,
but they were
waiting for the rest

At this stage there I

ajudgementon the

| dataas to the
reliability of the
information

d

of the stuff.”

At this stage there I

asynthesis of
statistical and conte

knowledge

~—

Perseverance

Beth Excerpt Two
Beth (Table 8.2) is talking about the analysis stage in which theyawaneg to produce
one targetime as aperformance measurer the distributiondepartmentThe PPDAC
stage iAnalysis:EDA since there was no pre-planned method of analysing the data.
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Table 8.2 Four-dimensional Analysis: Beth Excerpt Two

Beth Excerpt Two Interrogative Model  Type of Thinking Disposition
When we started Interpretingthe data | Noticingthe
looking at it and andconnecting it to | variationin the
found there was a | the problenunder | statistical data
vast range, from fivg¢ consideration
minutes to four
hours.
And we sat there Criticising the data
going, “okay, maybé andanticipating
this is not quite so | problemsif produce
easy, one target time
maybe we should | Generatingdeas
talk to them.” abouthow to
proceed
And so we talked to| Criticising and Strategicplanning
them and said: evaluating the data
against an external
source - the client
“would 1t be Generatinca Transnumeratinghe
reasonable to try andpossibilityderived | datawould give a
split it into two from working with | more realistic
groups, the data understanding of thg
data
would that make Criticising and
sense with what you evaluating this idea
are doing?” against the external
source, the client
Because we had Criticising and Noticingthe Engagement

known, we had
found out right at thg
beginning, that therg
were different size
orders depending o
which season they
were in. Whether it
was the winter
season with the

dehumidifiers, or the

air conditioning one;s
over the summer.

evaluatingnternally
P against her context
e knowledgeof the
situation

—

variationin the
context of the
problem and
suggesting an
explanatiorfor the
variationin context

Then part way
through we found,
“this data is a bit too
much.”

A Judgementon the
usefulness of the
ideato produce one
target time begins tg
be made

So that’s when we
went back to them
and said “hey, can
we split it?”

A check on this idea
is accomplished by
criticising it against
the external source,
the client.(Implicit

in this statement is
the generatiorof
ideas abouthow to

proceed)

There is a
synthesising of
statistical knowledge
and context
knowledgebased on
variationand
explanation

(Implicit is strategic

thinking.)
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Beth Excerpt Three
Beth (Table 8.3) is nowalking about part of thprocess of trying tavork out how and
where to splithe data intggroups. The PPDAC stage ignalysis: EDA. Even though
standard confirmatory techniques wersed the whole approach tdghe analysis was
exploratory in nature.
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Table 8.3 Four-dimensional Analysis: Beth Excerpt Three

Beth Excerpt Three| Interrogative Mod¢  Type of Thinking Disposition

To start with, we put Judgemenimade to | Drawing on

all the data into Excelanalyse the data techniguegrom past
using Excelpn experience
practicality of plan

and we sat there anfd Generating

just plotted some possibilitiesderived

cumulative from the data

frequency and some

histograms . . .

To try and find a Implicit, is that the | Transnumerationms

way in which we
could break the datg
up into different
groups.

plots would be
interpretedand
connected to her
context knowledge

occurring as she trig
to find a way to
model thedata

Something that was
reasonable, and ong
we had found
something that sort
of worked,

Shecriticisesand
teevaluates plots
internally against her
statistical and conte
knowledge

—

we put the data into
R.

Judgemenét this
stage to change the
software usedyn
practicality of plan

And used R analysi
to get some

confidence intervals
and some restrictior
and things like that.

5 Generatingsome
possibilities with the

data
S

Drawing on ideas of
how data are
modelledin statistics

To see if we could
get a much more
clearer picture.

Interpretingthe data
generated and

connecting to her
statistical and contex
knowledge

—t

Excel, of course, thg
way we were doing
it, we couldn’t get
exact numbers out g
it, especially with
calculating standard
errors and things lik
that.

e Reiterates her
judgementabout
Excel. (Justifying of

fthe judgemenif the
rightness of the
encapsulatior)

D

So we thought “no”,
If we try putting it in
R, that's known to
give a lot more
accurate figures.

Criticising and
evaluatingnternally
the judgemenbased
on her statistical
knowledge

So we went through
and put it into R and
basically got a lot of
summary statistics

and some confideng

Thejudgementof

what she decided tg

do andthe rightness

of the encapsulation
e

intervals out of it.

Statisticalmodelling
of data taking into
accountvariation
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To further illustrate the interrogative-cyateodes of thinking, and types of thinking,
excerpts from Beth'’s interview and the other interviews, are given.

Beth Excerpt Four

Well, firstly we really had to find owttuff aboutwhat the actual company was doing, to
understand how they worked as a company, and then smdrynderstand thdrail from
when acustomerrang the company right to theend of thetrail when the actual goods
were delivered to them. So we had to understand that whole process before wstadould
working with that onédittle departmentAnd sobasically,therewas alot of background
information, and the rest of it was just try the next bit, “okaycargét do this because of
thisso...”

Beth’s mode of thinking in thigxcerpt could be characterised sekinginformation
from the systemin order to build up hecontextknowledge.The type of thinking is
generic in that Beth isonstructing amodel of how the systemoperatesin which the
problem is embeddedhe PPDAC stage is classified &soblem: understandinghe
dynamicsof thesystem

Beth Excerpt Five

When wewere trying toanalyse thedata wewere looking at, wesplit it into several
groups. So, wdirst split it just overall andthen wetried to split it, for example, by
person, and seeing if each person had a diffepgatall rate and things like thatBut we
found, for examplegne of them we couldnio, because th@ersonhad just left, so to
try and analyse theidata was quite difficult. Andthen of course wbaad some problems
where they got one @wo of the part-timeworkers coming in betweethat period we
were doing. So there were odd Hiexe andthere. Itmade itdifficult to try and analyse
some of that stuff kit further. Therefore we couldndet toomuch in depth. Waad to
stick to alot more generalisedits and of course we were trying tbnd out, from the
start, we were trying to find out which formulas we could use fomptrigular situation.
And thank goodness we had lecturers, and they could help us out with those bids of
Cause that was a big stumbling block - which formulas do we go for, what eatacihe
looking at.

The modes of thinking in thigxcerpt arggeneratingpossibilitiesderivedfrom the data
interpretingandconnecting thencriticising and evaluatinguch possibilities based on a
synthesif contextand statisticalknowedge, and fromthat making gudgemer on the
practicality of the planThere is an awareness of theernal constraintsof thedata, or of
the limitations of what is possible irthe analysis ofthe data. Thus alistilling and
discardingprocess is operating. Beth alseeksinformationinternally on which formula
to use, is unsurdghenchecksexternallywith her lecturer. Sometimeke lecturemwould
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give them hints, or drawhere attention to anothpossibility, or refer to a book such as
particular chapters in their stage one textbook, or affirm what they deéng. The target
type of thinking involved here idransnumerationof the data to other forms
acknowledgingthere isvariation, explaining thevariation or seekingexplanationsand
finding astatisticalmodelthat will help in thesolution of such a problenThe PPDAC

stage iAnalysis:EDA.

Beth Excerpt Six

You had to sibackand reallythink aboutwhat you were actually doing . . . Wehad to
think “okay, now what does the company want?” And a ldhethings we’'d done, they
wouldn’t understand, so we had to ad explain it to them in termthat madesense to
them. So we had to stop and think, “okay, now wegegthis, how do weearrange it,
or change it, or whatever, to get it into a form they can interpret and make use of?”

The mode of thinking illustrated in this excerpthat in thecriticising procesghere is a
monitoring of the purpose of thlinking and aninternal checkagainst the constraints
imposed bythe clients involved in the problesituation.The type of thinking isaround
the idea that the statistical informationust be transnumeratedo a form that will
communicate an understanding about tba system The PPDAC stage is identified as
Conclusionscommunication

Beth Excerpt Seven

To start with, we’'d only got four months worth of data becaudetenly given us one

box instead of the two he meant to. And we looked and there was only four months worth
of dataand we sat there andient, “this probably isn't enough to covehe yearly
fluctuations that do occur.” So wgot anotherfive months worth oflata. Unfortunately

that was all thathey had. We woulbave liked to havéhe last threemonths sdhat we

had thewhole year tocover thewhole range of seasonsput unfortunatelythey didn't

have quite that. But we did ask them, “do you have that extra thoaéhs?”because, for

the yearly fluctuations it would be good to put that in. Unfortunately they didnéthat

one.

The modes of thinking triggered in this excerpt arestekingof information in the form
of data from thesystemand thecriticising and evaluatingnternally of suchinformation
using a synthesisof statisticaland contextknowledge In the last sentence there is a
realisation and criticism of theonstraintand limitations imposed by only havingine
monthsdata available. The type dfinking is based aroundariation ideas,and the
explanationof thatvariation Closely allied with th&ransnumeratioof the systentype of
thinking, is the raison d’étre of statistics, when Bettbgniseshe needfor datato reflect
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thewhole system in order to undertakestatisticalinvestigation.The PPDAC stage is
Data:dataissues

Cilla
Cilla’s project team carried out a survey on customer opinion fam@stmentcompany.
She is talking about the writing up of the final report.

Cilla Excerpt One

[We] were bothaware that we hatbeenworking with them for so long wead formed

our own personal opinions, and were very cautious about maybe putting our bias onto the
data . . . | got the gut feeling that they didindat uswith respect. . . . We juglut, “it's
interesting to notehat your female clientsappear tohavegiven you lowegrades. Now
whether this is just a suggestion femades much more demanding or this is aea

which needs to be addressed is unknown.”

The mode of thinking illustrated here is that in¢hgcising and evaluating phas€jlla is
monitoring and taking cognisance of her beliefs and emotional respdreeinterpreting

and communicating her findings. During her interview it is evident thaarhbgy/sis of the
data is influenced to sonextent by the team’s perception of the attitude of the company
to them. Thided to thetransnumeratiomf datainto particularcategories. Howevehey

are aware that theeliefs and assumptioesuld be influencing them and tho®nitored
their thinking The PPDAC stage Sonclusionscommunication

Cilla Excerpt Two

Thatwas wherehe big problencamein. Thegeneralquestions they were asking were
very qualitative, but they wanted it given imguw@antitativeform. . . . Asoneguy would
always say, “they wanted statistical validity”, which is very hard tovgéh the questions
they wantedasked, which is &ig problembecause wealidn’t really know how to go
about it.

They said they wanted us twok attheir servicesand wethoughtaboutit. Again we
didn’t have a lot ofexperience. Wéthought], “if we were inthe clients’position, what
would wewant.” Like, if youwanted to meegour adviser, you're going tbave to get
theresomehow:‘How canyou make it as easy as possible to mgatir adviser?[By
ensuring]parking is close by . . .”

[Then] what we did, was, wkeld afocusgroup with a few oftheir clients to get a feel
for what they thought was important. And tifiee] designed the survey aroutitat base

and tried to number ifFor examplelyou either thought the servieeas poor or excellent
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. . Youhad a category base sgou could say: “X percentbelieve your service is
adequate.”[We did it] that way rather thanjust leaving it as a toucland feeling sort of
approach.

In this excerpt, the generstrategictype of thinking is illustrated by Cillajglanningof a

focus groupmeeting as avay of generatingrelevantquestions to ask ithe survey.
Before the focus group meeting, her project team’s mode of thinking is to brainstorm and
generatepossible question aredsy imagining what a customer of this investment
companywould want interms ofservices.Other types ofpeculiarly statistical thinking
illustrated here, are dealing with variation of customeropinion, for example, poor to
excellent. Andsuggesting explanationsuch agjuality of servicefor customelvariation

in their perception of theompany thentransnumeratinghat ideaby capturing it indata

form. There aretwo PPDAC stages being described in this excetm,first being
Problem:defining the problem while thesecond refers tthe Plan: measuremenissues
stage. Thigdllustrates the iterativgrocess ofthe empiricalenquiry cycle. In thicase,
there is a shuttling between thds® stagessince thediscussion ofneasuremenssues
helps to clarify the problem and the clarification of the problem helps in determining what
to measure.

Nia
Nia was involved in a project for a bank which wanted to know whether it could raise the
price for safety deposit lockers. Nia is talking about how they analysed the data.

Nia Excerpt

We foundout who thought it [the price] was unreasonable. We pulled out these
customers and tried to figure out why they thought it wasasonable®Was it thatthey
were X [a named ethnigroup], was it that they had alocker previously inanother
country, or was it just some kid who was ticking no because they thought theyjwsould
tick no for no one reason?” ‘Cause we had a small minority of X,tHayt werethe ones
that said: . . . “Ithink the price istoo high”, so wecameback to thebank sayingthat
everyone else said[the price]was,[that is]the average, most people said: “that's okay.”
[But therewas] a smalllittle lump atthe strongly disagree area. Weventbackand saw
that it was the X. Well that was something that tfteg bank]jwanted. If wehadn’t have
gone back then we would have said: “Go on, increase the pfi€eat is, if] we took the
average,[we would sayincrease the pricednd then they'd losetheir core business
because it's mainly X who want the deposit lockers.

In Nia's excerpt the type of thinking illustrated is investigating amgblaining the
variation, and, through aynthesisingof contextand statistical knowledge, making a
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judgementon the most likelyscenario,and therefore whadtatistical data tase for this
particular situation. Nia talked often about having to work out what is important and what
is not. Here she has tliscardthe average, which as she says, wouldhbeconventional
solution. Instead she focussed on the opinion of X whiamp®rtant and relevant to the
solution of the problem. Herthe context is a determining factor in th@ution. We can

also seenoticing, deducingdistilling and encapsulatingperating in this excerpfgain

the shuttling between thewo PPDAC stages ofAnalysis: EDA and Conclusions:
interpretationis observable in this extract.

Lee

Lee’s projectwas ondeveloping a systerfor monitoring theprogress ofclients in a
counselling serviceBecause of the nature of the counselling service the prigant
members were unable to observe the system in action or gather data themselves.

Lee Excerpt One

We had ourspreadsheet up therfit was] our second ondecause oufirst one was
based ontheir [the counselling servicegheck sheet. We thought thithe first
spreadsheetp just going nowhereAnd the second ondhat we did, we were getting
towards it[a solution],but wehadn’'t quitestumbled upoithe accounting idealhen we
thought, well, “what if we can look at who’s coming in and look at wheregbéyThat

was when itall cametogether. Itwas also amatter of sitting down. Because going
throughyou’d think, “this is it", and you’d gothrough thehistorical data and go*“hey,
here’s an anomaly here.” Then you have to work out something that will cater for that . . .

The type of thinking illustrated ithis excerpt isransnumeratioror finding a way to
capturedatafrom the systemthat isuseful and meaningfdbr that system. Atthe same
time, the generic type of thinkinfpr modelling the systemis operationalised. In Lee’s
interview she gives more detail about how ttragsnumeratethe system She considers
that this is one of the hardest parts to resolve. She feels that because she has a background
in statistics she knows what withakegood data, and also she looks at a system from a
statistical perspective by searchifuy a way tocapture datdrom it. It is througha
synthesisof her statistical knowledge and her in-depth understandingof how the
counselling programme operattsat she isable to create avay of measuring and
recording the operations within that system. In order to ctiether transnumeratiommf

the systemwvorks she has tasehistorical datato criticise andevaluateit. This quotation
demonstrates further theerative nature of the PPDACycle as Leeconstantly cycles
throughthe Problem:defining the problem Plan: measuremenissiwes Analysis: EDA,

and Conclusionsinterpretationstages in an effort to find a way cépturing datehat
reflect the reality of the system.
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Lee Excerpt Two

At thatstage, wehad gotten quitedown on ourselves. Thinkinge're not doingreally

well. We hadn’t, we’'dost touchwith thembecausethey werecollecting the historical
data for us. Meantime, we’re trying to do thnisodel thesystem],and itwas atthe point
where we thoughtoh man, we’renot very good.” But as soon as wpresented it to
them at a meeting and N just said, “this is fantastic”, then things picked up again.

This demonstrates tlagiticise category of the interrogative mode of thinking since Lee’s
project teamfloundered forquite a while on theiown, and thus aremonitoring their

ability to solve thisparticular problem. They learntfrom this particular episode to use
other areas of theriticise andevaluate mode ahinking, bytalking to externalsources

such agheir client or lecturerto clarify theirthinking, toseekextrainformation, and to

check they are on track. This is a common learning theme amongst the student interviews.
In the first part ofthe extract the PPDAC stagan:datacollectionissuesis referred to

while the second part illustrates an inte@onclusionscommunicatiornstage.

Ray

Raywas a biology student whdid not believe aCouncil’'s explanatiorthat borer had
killed some mangroves. He believed it wlker human factorsuch as aecent oil spill
in a mangrove swamp that had been the cause.

Ray Excerpt

| wanted to just see therewas a supporfevidence]for other human activities affecting
the health of therfmangroves].Then you would expect, the areaswheretherewas a
lot of human activity, that if fborer]was affecting therfimangrovesthen it would affect
their health. So if | measurettheir health andthen compared it to aarea where there
wasn't a lot ofhuman activity:‘Was there adifference inhealth?” And then by selecting
swamps that were very similar in sediment compositionand depth, and water
temperature, and rainfall, anthings like that.Both [swamps]had major riversystems
coming into them. | mean almost evaspect ofthemthat it was practical [to have]. We
couldn't have them identical, bfihey were]practically the same,except forthe level of
development of the land around and the way peoplét.uSe therefore | coulchopethat
any differences would be due to that.

Ray started this projeathich is based on higidgementof therelative plausibility of
competing explanatioremnd of theneedfor more researchFrom this description we can
seethat the type othinking revolves aroundealing with variation in his experimental
design and being able to provideexplanationfor thevariationand a way twalidate the
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explanation. In this excerphe PPDACstagesProblem:defining the problem and Plan:
designissuescan be identified.

8.4 A Return to Exploratory Studies One and Two

In order to test further thegeoposedcharacteristics of statisticéthinking, | looked at

earlier interviews of students working on statistical tasks. | found that their thinking could

be characterisedsingthesefour dimensionsOncethey were classified lhecame easier

to evaluate what was ‘missing’ from théminking, andthe classificatioralso provided a

way of analysing the type of task presentBae difference thatvas highlighted between

the project students and students asked to do tasks, was disposition. The task students did
not appear engaged or interested in the problem and thecgfestions must be raised

about the validity of deriving information from such tasks.

8.4.1 Exploratory Study Two Examples of Analysis

Isa

Isa Excerpt One

From exploratory studywo, Isa’sinterview (Table8.4) is used tallustrate how these
dimensions are tested. This task given to him is in the PPDAC Atadyesis:EDA.

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 onthe
map (Fig. 8.1). What do you think?

b

Figure 8.1 Map Question
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Table 8.4 Four-dimensional Analysis: Isa Excerpt One

Isa Excerpt One | Interrogative Mode Type of Thinking Disposition
I would probably wanf Seekingnformation

to know why, internally

in the central North | Interpretingthe data | Noticingvariationin

Island three deformed by reading the context

children are born, andl

two are born in the

south of the North

Island.

Why is it in the North | Interpretingthe data | Seekingexplanation

and South? furtherby comparing| for thevariation

Though the iImmediat¢ Seekinginformation

thing you think, is, the internally about his

north of the North context knowledgef

Island and the south pfthe situation

the South Island are

pretty sparsely

populated.

I don’'t know why. | | Ciriticising by General
can’t say why, for monitoring the disposition is
that, for the reasons | purposeof the non-engagement
you would make me | question

ask myself.

Agriculture Is Generates. Suggestgontext

something that is possibility using explanationdor the

spread right context knowledge | variation

throughout New
Zealand.

It's not like pesticides
use is going to have
any more effect. |
don’t think in the

Criticisesand
evaluates this
possibilityinternally
against his context

central North Island | knowledge
than in the north of the

North Island -

pesticides are used

everywhere.

It's a bit of a difficult | Judgingthe

one, an odd one. |
don’t know. Central
North Island | use it &
an example, maybe,
yes | don’t know
actually.

usefulness of ideas
by deciding he can’t
sgo any further

As far as hospitals an

dGeneratesnother

medical aid it's there.| possibility

It's there also in the | Criticisesand
south of the North evaluates that
Island - Wellington. | possibility

No I can’t think of any

other reasons for that.

Judgesisefulness o
ideasand decides to

finish problem
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If Isa’s response to this question is analysedait beseenthat hedoes not use his
statisticalknowledge to think abouhe problem. Nor does heritique the problem in
relation to: ‘variation’; ‘constructing a statistical model' of the situatidvased on
population proportions - anthe inherent ‘transnumeration’ ithat process; and the
‘transnumeration’ ohow the data areommunicated. In the contegphere theséacets

are beingoperationalised. Consequently ‘context knowledge statisticalknowledge’

are not synthesised or integrated. The ‘interrogative cycktigatedonly in the context
sphere.

Isa Excerpt Two
Isa (Table 8.5) is referring to thefollowing task in the PPDAC stageConclusion:

Interpretation

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. 8.2) what would you think?

No. o{' to 1

Errors

per cl:j

-+

A B C D
Worker

Figure 8.2 Error Rate Question
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Table 8.5 Four-dimensional Analysis: Isa Excerpt Two

Isa Excerpt Two Interrogative Mode|  Type of Thinking Disposition
I would start by Interpretingthe data | Noticingthe

thinking that worker
A is either very
erratic.

by connecting to the
context

variationin the data
and connects to
context knowledge

I mean he goes fron
1-14 errors - yes,
that's per day isn't it

N Interpretingthe
graph by reading it

| wouldn’t say that
Worker A was, |
would say he’s mor{
than likely careless.

Interpretsthe data by
connecting to some
p context knowledge
and makes a
judgement

Suggestgontext

explanationgor
variation

Because obviously
there are times whe
he doesn’t make
errors. So he’s
probably a careless
sort of person.

Judgemenprocess
Nin action on thenost

likely of a set of
possible scenarios
(Judgement and

justify.)

Worker D seems to
me to be a fairly
cautious person.

Judgemenhon the
most likely of a set
of possible scenario
for Worker D

(%)

Yes, Worker D - for

Interpretsand

Suggests a context

tending to keep his | connects to the explanation
errors to a minimury, context
a methodical type
person.
And Worker B Interpretsby
seems to be translating the graph
consistently making| information
errors.
I would probably Would seek
want to know why. | information from the
system
Possibly that person Generates a This comment woulg
is a Manager. possibility suggest he is not

engaged in the
problem

I would think that
person is obviously
doing a job that he
shouldn’t be.

Judgemenin action
on themost likely of
a set of possible
scenarios

Worker C, also, |
find makes - yes, hg

seems to make quitg

a few errors, but his
mean is no higher
than A.

Interpretingthe data
b by comparing

)}

So I'd put a questiotl
mark over that, I'd
want to question
him.

h Would seek
information from the
system
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Isaended up by judging theorkers fromexcellent topoor. Inthe ‘interrogative cycle’
the criticise part ignissing, as heémmediatelyjumps from ‘interpret anad¢onnect’, to
‘judgement’. Nor does he proffemultiple explanationsfor interpreting the data,
preferring instead to have one context explanafldre type of thinking is mainly in the
context sphere. In relation to statistical knowledge he offersxptanationfor, nor deals
with ‘variation’ among Workers A, B and C aggeoup andhe ‘variation’ between this
group and Worker D. He does nmitiqgue the data on thgrounds of ‘transnumeration’,
nor on howthe data are capturédrough measurememgain there is ndsynthesis of
statistical and conteXtnowledge’. Fromthe statisticians interviews iecameobvious
that data cannot be adequately interpreteléssall the phases othe ‘PPDAC cycle’ are
understood. Thus if students do not have adequate knowledge of thitedstaefor the
given tasksthen wewould suggesthat their interpretation will be limite@nd their
disposition towards the problem will be affected.

8.4.2 Exploratory Study One Examples of Analysis

Exploratory Study One is now used to further test these classifications.

Ebe

Ebe Excerpt One

In this problemEbe (TableB.7) isdescribing how she solvetie following probability
table problem which can be classified as the PPDAC gtaglysis:Planned

A study categorized both alcohol intake (prior to pregnancy recognition) and smoking (during
pregnancy) as ‘“none”, “moderate” or “heavy”. The table below (Table 8.6) gives the

probability of the given level of alcohol intake and smoking.

Table 8.6 Alcohol and smoking status for pregnant women

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

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

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

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

(Question from Department of Mathematics and Statistics, 1993)
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Table 8.7 Four-dimensional Analysis: Ebe Excerpt One

Ebe Excerpt One

Interrogative Mode

h

Type of Thinking

Disposition

Well, I just look at
the question first,
like here, given that
a woman,

Seeksnformation
from theexternal
problem source

which to me, in the
“given that”, in this
case, is made as a

Seeksinformation
internally from
similar problems in

Techniquesare
recalledfrom past

experiencen similar

category. her statistical problems
knowledge

Given that a Seeksmore

pregnant woman is ginformation from the

heavy drinker the | external problem

probability that she’s
a heavy smoker.

b source

| look at that. | know
it doesn't sort of
make sense but |
understand what |
am saying.

Criticisesby
monitoring the
purpose of her
thinking

So | looked at that,
that was my heavy
drinker, that's what
look at.

Interpretsthe table
by reading the
category

And the probability
that she is a heavy
smoker, which is
down there (points)

Interpretsthe table
furtherby reading
another category

That's the result for
a heavy drinker. Yo
know the percentag
and probability, and
that's for the heavy

smoker over there.

That is how | got my
answer.

Judgeshe answer,
I the rightness of the
b encapsulationby

seekinginformation

internally from a

similar problem

Techniquesare
recalled fronpast

experience on similaf
problems

If an attempt is made to classify this problem, it becomes apparenthieoimterrogative
cycle’ perspective that ‘interpreand connect’, andcriticise and evaluate’using a
‘synthesis of statistical and contextknowledge’, are non-existent.
‘explanation’, ‘transnumeration’, and ‘constructing modetse not presentwhich
suggestghatthis proposedlassification method could hesed for such a task. fact
this task is not rich enough to display any of these characteristics.

The nexttwo examples demonstrate differesmiswers indifferent contexts. First Ebe
(Table 8.8) is given a graph and asked how she wiatédpretit. This can be classified

in the PPDAC stag€onclusionsinterpretation
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Ebe Excerpt Two

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. 8.3). Have the results changed much? If so, can you give any possible

reasons?

Boxplot of scores by group

scores
]
1

first test

Figure 8.3 Test

T

second test

Results Question

Table 8.8 Four-dimensional Analysis: Ebe Excerpt Two

Ebe Excerpt Two Interrogative Modg  Type of Thinking Disposition
As | see these - it | Interpretsthe data | Noticingthe
looks like - if it was | andconnects it to the variation
the same test it context
should be higher.
But it’s not. Criticisesinternally
against her context
knowledge
So I'm not sure Makes gudgement
why. | don’t know. | that there may be a
need for more
research
Lack of She then thinks and Suggestgsontext
concentration. generatesome explanationgor the
They’ve had the tes{ possible variation

before so they are a
little bit bored about
it or something like
that. I'm sure there
would be other
reasons but | just
can'’t think of any at
the moment. Or it
depends on how
they feel, whether
they are well or not,

time of day.

explanationsising
her context
knowledge
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Ebe Excerpt Three

Ebe (TableB8.9) isgiven somedata on cointossing and asked tiiink abouthow she
would interpret this situation in the PPDAC st&nclusionsinterpretation

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?

Table 8.9 Four-dimensional Analysis: Ebe Excerpt Three

Ebe Excerpt Three

Interrogative Mod¢

Type of Thinking

Disposition

Well, I wouldn’t be
surprised about the
results.

Judgemenbased on
conformance with
both context-matter
and statistical
understandings

| think that on
another day that’s
going to be different
could be less, could
be more.

Criticising and
evaluating this
judgementnternally
based on her
statistical and contex
knowledge

—

Acknowledging
there isvariation

I mean, in a way, If
got 30 heads I'd like
to keep tossing just
to make sure.

Would seekmore
information from the
context

I would like to toss I
probably more than

Criticising and
evaluatingnternally

Dealingwith the
variation

50 [times] to see . .|.from her statistical
If it was a bigger and context

sample, if that would knowledge

average out to be
fair, ‘cause it doesnt
seem like it's fair if
you got 30 heads.

Suggests a context
explanation

The abovawo examples illustrate thatthen aproblem is in an unfamiliar context the
student resorts técontext knowledge’ andloes not use hestatistical knowledge’,
whereas irthe familiar context of coirtossingthere is an ‘integration of statistical and
context knowledge'. In the former example, during the ‘interrogative cycle’, she does not
‘criticise and evaluate’ the possibilititzat she has generatethe ‘disposition’ of Ebe
perhaps can only be described as neutral.

8.5 Discussion

In the aboveanalysis, problems ahterpretation arise as thstudents do noarticulate
fully their thinking processes. Thusgartial model of their thinking is revealeohd the
categorisation is subjective on rpgart. Throughmakingsense of what ibeing said by
the students, | must conjecture the explicit in what is implicit. Howeversupgrvisor, a
statistician, independently agreed with the categorisationharsthe proposedcategories
seem viable. Another method used to decide whether the categories arevamlbdayive
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the excerpts tgix mathematiceeducators forommentand confirmation. AlsdBeth, a
project studentvho was interviewed, wagiven this chapter andubsequentlyerified
the proposed categories.

The analysis revealed the iterative nature of the interrogagsie, andhow the PPDAC

cycle is composed of many such interrogative cycles. There appears to be a dynamic fluid
interaction amongall the modes ofthe interrogativecycle. Also, from thisdetailed
analysis, a four-dimensionabdificationsystem emerged’he components dhow one

thinks’ in statistics are categorised aglispositions, interrogative cycle modes,
investigative PPDAQYycle stages,and types of thinkingThese are fullydiscussed in
Chapter 9. Sincéhe analysis is based gmrojectstudentseflecting on the thinking they
haveused in gparticular investigation, | decided to tdke proposedcategories on the
student interviews fronthe first and second exploratostudies, wheré¢he students are
thinking in situ.

The implications arisindrom this analysisare that theproposeddimensional categories
may beuseful fordetermining what thinking a task pompting, and what thinking a
student is using. Another issue raised is the validity of interpretatistudénts’ thinking
when they havelittle or no context knowledge othe task, or no knowledge of the
purpose of the task, or little need to be engaged personally with the task.

The framework discussed ithe next chapter could bseen as a springboard for

developing tools irteaching to promote statisticllinking, and for analysing tasks in
relation to the statistical thinking dimensions.
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