Chapter Eleven
Discussion on the Framework

At the most recent meeting ofICOTS, held in Junel998 in Singapore,
several papersfocused onthe related topics of Statistical Reasoning,
Statistical Thinking, and Statisticaliteracy. Thereseemed to be aoverlap
among theopics, yetimportant distinctions betweethem, none ofwhich
have as yet been addressed. It becapparent thatvhen statistics educators
or researchers talk about @ssesstatisticalreasoning thinking, orliteracy,
they mayall be using different definitionsand understandings of these
cognitiveprocesses. Thseimilarities anddifferences among these processes
are important to considewhen formulating learning goals for students,
designing instructional activities, and evaluating learning byusing
appropriate assessment instruments. In additionreénent years, wehave
seen arincreasing researclemphasis orthe sociallyand culturally situated
nature of mathematical (statisticactivity. It suggestghe importance of
participation in the statistical practicesestablished by the classroom
community, in scaffoldingthe statistical reasoningprocesses of the
individual student. A small, focusecbnference consisting aksearchers
interested in these topics appears to be an important next step in clarifying the
issues, connecting researchers and theistudies, and generatingsome
common definitions, goalsand assessment proceduregBen-Zvi and
Garfield, personal communication, 1998)

11.1 Introduction

Fromthe body of literature that | havesurveyedthere appears to be no comprehensive
theoretical framework developed for statistittahking. Scholz (1987) proposednazdel

for stochastic thinking while other researchers hased general modelsuch as the
SOLO taxonomy model(e.g. Watson etal., 1994) or have adaptedmathematical
frameworks (e.g. Nitko & Lane, 1992). Thus the proposed framework is a first attempt at
constructing an overall view dhe manydimensions involved in operationalising the
complex activity of statisticathinking in empirical enquiry. The development of the
framework culminated from an ongoing interpretive process basethpinical datgfrom

four exploratory studiethat focussed orthe statistics disciplinéself. The datawere
interpreted fronthe perspectives of a teacher-practitioner, and a statistithars when
making comparisons with other models it is important to realise there will be differences
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in approach dependent upon the perceptions and field of the rese@hehgaradigms of
psychologists, sociologists, educational theorists and quality managers will be different as
each field will interpret data from its distinctive perspective. Indiseussiorthat follows

I will attempt todemonstrate thabur statistical thinkingframework, whichattempts to

model practitionebehaviour, is in consonance witle elementproposed, or used by,
other researchers.

11.2 Comparison with Other Models

The Scholz(1991) model would appear to be closely related to the interrogatiyee
dimension. It mainly describes the way a person interacts vatatiatical problem in the
analysis and conclusion stagestiwd investigativeeycle. Scholz found students used an
intuitive and analytical mode. The intuitive modeuged foreasily accessiblknowledge.
The analytical modeequiresthe students to do aystematic search of their knowledge
base to access higher ordetatbwledge. Fronthe student interviews in theecond
exploratory study we found, similarly, that knowledge was drawn from a reaction to what
was saidabout theproblem,rather than from a proactive production of knowledig
could solve, or bringother context and statistickhowledge tothe problem. Scholz
conjectured that there needed to be seore of switch tarigger the analyticanode. In
our model this teaching strateggea isfound inseveralplaces.The switch he refers to
could be encouraged by developing the interrogative cycle dimension into a thoding
similar to that described in Secti®¥ and Chaptef0. Another teaching strategglea is
found inthe epistemological triangle of Steinbri(g991). This model revealshat, in
teaching a concepuch as variation, inkage must be built up betweehe contextual
and statisticaknowledge base, through exposure tdch array of problemnsituations.
The framework captures these aspects under ‘reasoning statistical models’ and
‘integrating context and statistical knowledge’.

Watson etal.’s (1994) work usethe SOLOtaxonomy model to describe the type and
level of cognitivefunctioning occurring irstudents. Thigperspective provides general

way of assessing students’ cognitive development from a unistructural levegl&dianal

level. Using their model Watson etl. found that reasoning in statistics requires
multimodal functioning in the ikonic and concrete-symbolic areas and is influenced by the
context of theproblem. In our modelthese facets arbBrought out in ‘reasoning with
statistical models’ and in the ‘integration of context and statiskicalvledge’. In our
‘interrogative cycle’ and‘dispositions’ dimensions,the role of ‘imagination’ is
highlighted, which is regarded as an important feature in Watson et al.’s research findings
on theuse ofthe ikonic mode irstatistics. Shaughnessy (199%)aracterised student
growth in conceptions of statistics in four levelse highestevel is pragmatic-statistical
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which is incorporated irthe framework as ‘techniques’ and ‘reasoning wstatistical
models’. The modelling and quantifying of variation is a distinctive part of the
Shaughnessy model albeit with different terminology.

The Nitko andLane (1992) framework fostatisticalassessment tasks is in consonance
with our framework at a more generalised level, as specific elements of statistical thinking
such as ‘transnumeration’, ‘variation’, the ‘search for causes’ and the ‘investiggatiee

are not highlighted as assessment areas. Their statistical domains of @olvieg, and
statistical modelling and argumentationpuld be classified underour ‘investigative

cycle’ and‘types of thinking’ dimensionsTheir cognitive domains of representation,
knowledge structure, connectiomsnong types oknowledge,active construction of
knowledge and situated cognitiomould be classified under ‘types of thinking’ and
‘interrogative cycle’dimensions Again thepurpose otheir framework is different from

our framework and therefore is focussed on aspects that are pertinent to assessment.

The framework of Ben-Zvi and Friedland€i996) describeshe different levels of
thinking that were achieved bystudents inthe carrying out of statisticahvestigations.
Our framework does not descridevels of thinking rather ifocuses onthe type of
thinking that should be prompted in statistical investigations. When making a comparison,
their levels of thinking are an elaboration of elemehts# we haveidentified. Their
framework can be recognised and describBdm our model perspective in all
dimensions. For example, in oorodel: Mode O: Uncritical thinking would be basic
engagement in the ‘interrogative cyclevith the ‘interpret mode being only
operationalised to the ‘describe’ stage not to ‘multiple explanatibfsde 1: Meaningful
use ofrepresentationwould include ‘techniques’, ‘reasoning witlstatisticalmodels’, a
poor ‘integration of context and statistitaowledge’ and dimited notion of ‘variation’;
Mode 2: Meaningful handling of multipleepresentations:developing metacognitive
abilities would be an example of ‘transnumeratiduatjticise’ in the ‘interrogativecycle’,
the ‘investigative cycle’ and the ‘integration of context and statistical knowledgde 3:
Creative Thinking would beclassified undethe ‘conclusions-communication’ stage of
the ‘investigative cycle’ dimension and under ‘transnumeration’ irityipes of thinking’
dimension.Mention is made in theiresearchthat the context of the investigation affects
the Modes of thinking employed, which is iragreementwith our ‘dispositions’
dimension.

In comparingour framework withother models webelieve thatour perspective is
different, as wehave attempted to modélow a statistical problem isolved from a
practitioner’s stance. Some of the above models could be classified as cabattives,
since they moddhow a student solveand processes datisticalproblem. None of the
models surveyed in the literature mention anything about the ‘constraints’ (see Section 7.2
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and Sectior9.2.2.2) ofworking in adata-based environment, ahdw these affected
statistical thinking andeasoning. Thus we would classify our framework akemry

which models practitioner behaviour. It may deeful for informing instruction and may
serve as a link between some cognitive theory and some statistical practice (Lester, 1989).

11.3 Statistical Thinking, Statistical Reasoning, Statistical

Literacy and Probabilistic Thinking

Statisticalthinking, statisticalreasoning andtatistical literacy are oftereferred to in the
literature yet there is nshared understanding of what these commaebdtermsmean

(Ben-Zvi and Garfield, personal communicatidt98). To this list | would add
probabilistic thinking. All such perspectives are valid, for it ithie differenceshat more

meaning is uncovered studies of people’s understanding of statist@ar framework

captures some of the meanings that different researchers attach to these terms and hence it
could be useful for distinguishing, and for bringing together, such interrelationships.

Statisticalreasoning in a data-based environmeam be likened to statistical detective
work (Shaughnessy et all996; Biehler &Steinbring, 1991).The notion of statistical
detective work and what that means has only been briefly referred to in the literature. Our
framework attempts to uncover that meaning through an in-depth analysis of practitioners’
thinking strategies duringstatistical investigation. The statistical detectivavay of
reasoning ismainly cateredfor in the framework in the ‘interrogative cycle’,
‘transnumeration’, ‘seeking explanations’ atie® ‘integration of statistical and context
knowledge’. The importance of data creation (Hancock et al., 198@ady emphasised

in our framework under ‘problem’, ‘plan’ andata’ in the ‘investigative cycle’
dimension. We have identified the ‘problem’, ‘plan’ and ‘dati@ges, aseglected areas

of statistical modelling andeaching. Also we have identified and describedud-
category of ‘transnumeration’, ashe dynamic process of capturing relevant
measurements frorthe system, which emphasises tldemain of datacreation. The
objectification of knowledge is seen by Hancock et al. as especially important
reasoning process in statistics. Thicaseredfor in our framework inthreedimensions.

The first type of objectification of knowledge isvalidation of knowledge. Thistype
appears as the components: ‘recognition of the rieedlata’; ‘transnumeration’; and
‘measurement’ with itsattendant datatructures.The other type of objectification of
knowledge is the statistical reasoning whereby evidence is weighed up. Gétisred for

in our framework in the ‘interrogative cycle’ especially in the ‘criticise’ phase.

In the area of graphicaagasoning, Curcio’s (198three components of reading the
data, reading between the datend reading beyonthe data,are incorporated into the
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‘interrogative cycle’under the ‘interpret’ mode andinder ‘reasoning withstatistical
models’. Hancock et al. alstate thastudents find idifficult to reason about group
propensity, gundamental skill in reasoning wisttatisticalmodels, preferringnstead to
reason about individuatases. They believethis is a developmentaproblem. A
complementary idearising fromthe findings from my research ihat studentstend to

give individual-based reasons as ‘explanations for variation’ such as age, depression (risk
factors)etc., rather than system explanatiosy specific contexts. This propensity of
students to give individual-based explanations may be linked to Hancatls dindings

on the tendency of students to reason about individual cases, or may be litdashitm
approaches, amay be linked to a lack of contekhowledge ofthe situation. Biehler
(1994b) argues strongly that students musalile to give individuabnd systentauses,

as both types of causes willveal more about the data becwnsidered. IrChapter 10

our research and framework demonstrate, under the ‘variation-context’ criteatcthere
should be a positing of both types of explanation. Hancock et al. (1992) and
Shaughnessy (1997) considisat interpretinggraphs isdifferent from constructing
graphs, and using them as amalytical tool to reveal information in tipgoblem. In our
framework these concerns are identified in the ‘transnumeration’ type of thinking.

Landwehr et al.’s (1995) list for statistical literacy is at a more detailed level in some areas
than that covered by our framework. Taking each aspect in the list | will demonstrate how
each is related to elementsaar framework: (1)The number sens@ context could be
categorised under ‘integration of statistical and corkestvledge’; (2)an understanding

of variables,whether it is in thesense ofconceptualising the idea of \ariable, or
understanding a particular variable, i®lated to ‘seeking explanations’ and
‘transnumeration’; (3xn ability tointerpret tables andjraphsrelates to the ‘interrogative
cycle’ and ‘reasoning with statistical models’; )owledge of how statistical study is
plannedis part of the ‘investigative cycle’ dimension; afj an understanding of how
probability relates to statistics related tdhow ‘statistical modelsaddress issuearising

from ‘variation’. Hawkins (1996)described statisticaliteracy asrequiring skills in
summarising and representing information for others, as wétleaability to operate in a
non-deterministic environment. Thesare skills required for ‘variation’ and
‘transnumeration’.

Another area of statistical literacy is the interpretation and evaluation of statispioals,

which is considered by Gal et al. (1995) to require the operation of both a cognitive and a
dispositional component. Fdhe cognitive component a list dlvorry’ questions is
proposed as a means of aiding students to critique statistically based claims. In Chapter 10
| have demonstrateldow our frameworkcan beused togeneratesuch a list. Also, the
dispositional component is catered for in our framework. Ugiadramework as a basis

for the development ohssessmertriteriafor interpretiveskills, as inChapter10, may
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partially answer Friel et al.’s (1997) concerns about haviclgar idea ofwhat educators

mean bysound statisticalreasoning,and may aid the development of betteols for
making judgements about statistical reports. Gal et al.’s (1995) and Watson’s (1997) pre-
conditions for studentbeing able to judgeeportsare the comprehension efatistical
terminology and displaysvhich, on our framework,could be categorised under
‘statistical knowledge base’ and ‘reasoning with statistical models’.

Biehler (1994b) argues eloquently for teaching to acknowledge the dual nature of thinking
in statistics. Theséwo cultures of thinkingare probabilistic thinking and deterministic
thinking, which appear othe framework undethe ‘types of thinking’ dimension in the
categories of ‘seeking explanations’, ‘variation’ and ‘reasoning wstilisticalmodels’.

Whilst agreeing that these two ways of thinking are fundamental to statistics, this research
demonstratethat there are multidimensionatys of thinking in statistics, anall may

need to be developed in students.

In the first exploratory study weconcluded that we needed to develsfudents’
probabilistic and deterministithinking, and tomake students aware dheir thinking.
However the question arises as to our definition of probabilistic thinking. On reflection, it
Is used inthe first exploratory study as thinkingbout variation as randomly generated.
That is, there is an assumption when looking at data that there is an undixdgiregical
distribution based on probability. For example, in a time series plajuiity control, or

in fitting aregressiorline to data, the inherentvariation, for modelling purposes, may
assume an underlying normdistribution. The construction of statistical models for
prediction, explanation and control is based on modelling and quantifying variation,
where the quantifying of the variation is idealised as a probabdistribution. In
enumerativestudies, aandom sample is taken from a population and thenestimates

for the population arbased on underlyintheoretical probabilitdistributions. From the
variation perspective, no two random samples frgpogulation will ever give the same
results, and this must be accountddr when making statements about trdata
themselves, or when generalising.

However there is another type of probabilistic thinking that my research has not explored.
Conditional probabilities,relative risk, odds ratios, combinatoric reasoning, the
calculation of probabilities from datnd from random devices, frequentist &alesian
probabilities and so on incur probabilisticinking. Hence thefew tasks onrandom
devices, which pave to thestudents,are not considered to be sufficient itake any
judgements, or conclusiongbout thetypes of thinking prompted irthe area of
probability. Thus, for this particularframework, probabilistic thinking arises from
thinking about ‘variation’, and in ‘reasoning with statistical models’ in statistics.
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In summary,there appears to be differences and similarities in the definitions and
interrelationships of statisticateasoning, statistical thinking and statistical literacy.
Howeverall appear to be addressiegments of the sam@oad reality and we see no
contradiction amonghem. As a firstattempt at thedistinction among these terms we
would hazard that: statisticakasoning is synthesising cnain of ideas into dogical
argument using statistics; statistical thinking is thought proc#isseare triggereduring
data-based enquiry to solve a practical problem, and this includes statistical reasoning; and
statistical literacy is the ability toead, understandind interpret statistically-based
information, and toparticipate in statisticatliscourse which also requirestatistical
reasoning.

11.4 Misconceptions

Tversky and Kahneman (198R)d down the foundations formuch of thesubsequent
research into probabilistic misconceptions. My research is not in this area. Hohegver
identified such misconceptionss, failure to take statistical variation intaccount,
particularly in smallsamples,and misconceptions arising due to the context of the
presented problem, and due ttee imagination of thesubject. Our framework gives
prominence to ‘variation’ typehinking, and tothe importance of ‘imagination’ and
‘context knowledge’, in the statistical process.

The primacy effect identified bifischbein (1987) isonfirmed in thisresearch, though
we have elaborated on the definitioonsiderably. For thiparticular area of application
we have defined it as the first-in-the-fiedéfect, orprecedentffect. The psychology-of-
measurement effect that we identified is not referred to ibdlly of literaturesurveyed.
We suggest statistics educators should be aware of this effect, and @ethatipteaching
approaches and thinking tools accordingly. Tidentified psychology-of-measurement
effect is indirectly alluded to bifischbein when he refers the characteristics ajood
thinking tools. He defines a good reasoningiodel as onewhich is intellectually
acceptableand manipulable. Ouindings indicate peoplgrefer torelate to the variables
that they themselves haweeasured. This gives a strong sigtigt we need to develop
better models with which to reason and communicate, such as those deadstped in
brain imaging. Fischbeimould regardstatisticaltools such as boxplots asperfect
mediums since student misconceptions have been identifiedenandinterpretation
(Biehler, 1996). Myresearch would suggestat either the tooshould bechanged for
ease of communication, and/or thecus of instruction should change, through the
drawing of attention tosuch elements as ‘variation’ and teuch processes as the
‘interrogative cycle’ phases. Whatever the solution, our framework giveslaation of
areas that need improvement.
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The list of misconceptions identified tyandwehr (1989, cited in Shaughnessy992),
considers the misunderstandings people have about variation. These misconceptions are at
a more detailed level than that covered by our framework. Batanero et al. (1994) report on
numerous misconceptions when people reason with statistical models. Stab#itygo

reason with statistical models is a category of thinking that needs to be analgsgdhin

in order to understand or gain more knowledge alboeir reasoningorocesses. The
specific misconceptions identified Buch researcimay have implicationsor teaching,

and/or mayindicate a lack otonsistency existing withithe teaching ofeasoning with
statistical models. We suspecthat some key elementssuch as ‘variation’,
‘transnumeration’ and ‘measuremenbttions’ are not prominent inmost teaching
approaches. In order tvercome misconceptions, it giggested by Hake (198%)at
studentsbecome engaged in active dialoguewith themselvesthe dataand other
students. The ‘interrogative cycle’ could act as a springboatti¢odevelopment auch
teaching approaches, at a prescriptive level.

11.5 Instruction

The research osuccessful problem solving points to somgortant factorssuch as:
creation of a rich set of examples in #trwledge base; organised subject andtext
knowledge baseability to recognise the applicability dfnown techniques to a new
situation; affects and socio-cultural influences; learning modes and environments; and
metacognition. From my research findings | concltindg thesdactors would als@pply

to statistical problensolving. Our framework incorporates these factors lolaes not
suggest how a student showlognitively organise subje&nhowledge, or how atudent
should recognise when to useparticulartechnique. This is beyontthe scope of my
researchguestion.Our framework contributes an overall perspective on facets educators
must develop in students’ thinking duritite teachingprocessand relates this thinking
specifically to statistics.

Our framework should help instruction in that it provides some key elemenitkicin to
base the curriculum, teaching and assessment. It exjhesaiea of problem formulation
for the purpose of explanatiorgrediction andcontrol. This shouldaid theprocess of
‘convergence to ammnswer’, whichHancock et al. (1992)dentified as lacking in
instruction in the American classroom.These key elements magiso explicate the
common thinkingprocesses imnference and EDA, whiclBiehler (1994b) notedack
interconnection in instruction. Other auth¢esg. Singer and Willett, 1993;ajoie etal.,
1995) promulgate the notion of authentpractice in theclassroom community. The
findings in my researcimay be helpful in teaching since thdrasbeen an attempt to
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elucidate practitionerknowledge,and our framework gives somguidance on the
dimensions of statistics that should be drawn to students’ attention.

Borovcnik and Bentz (1991) and Falk and Konold (198dljeve thainstruction should

start with student’s intuitions, whichre easilyaccessible. My research reinforced this
belief. The concepts ofvariation’, and the ‘seeking of explanations’ in &tatistical
situation,need to bexddressed ithe teachingprocess.Chapter 9 gives some ideas on
how we might think aboutsuch aspectsand strategiedor dealing withthem. This
teaching approacltshould set up stronger linkisetween deterministic thinking and
probabilistic thinking, and reinforce these complementary ways of thinking in statistics. A
case is alsenadefor developing more tools taid the thinkingprocess in statistics, and

an example is given of how the framework can be used to helprtdgsss. However, in
Konold's (1994) experiencehe creation of a thinking todbr developing notions of
variation in significance testing, is insufficient to change students to a probabilistic way of
thinking. This suggestthat the elements identified in thgpes of thinking’ dimension
must become all pervasive in statistics teaching.

11.6 Statisticians’ Concerns

Amongst some statisticiarf€hambers, 1993; Bartholomew, 1995; Wild, 19®re is
the realisation that applied statisticaist broaden its domain in order teature as a
discipline. Our framework acknowledges this position to incluttee whole of the
investigativecycle. The aim of statisticalnvestigationis, we believe, the gaining of
knowledge and understandingthre contextsphere Barabba(1991) widenedhe sphere
of statistical investigation even further thidans to includethe users of such knowledge.
Thus the framework, in Barabba’s terminology, is in his ‘information-produdamgain’
but does not extend to his ‘information-using domain’.

The quality management approach to statistical thinking is promotedriframework
under ‘variation’, ‘seeking explanations’ aite ‘recognition of the neetbr data’ to
guide actions(e.g. Hare etal., 1995; Snee,1990). In Chapter 9 ideas of quality
management about developing toolsiw statistical thinking ardiscussed. Irparticular
Chapter 9discussesthe connections amongsfusation, variation, randomness and
statistical models, extending, we believe, the quality management ideas further and deeper
and generating idedsr all fields that use statistics. ldeference tadCobb andMoore
(1997), our framework and research findings could be describpdnasve for atheory

of exploration and interpretation. Nevertheldssframework is arattempt atproviding
some structure focomplex thinkingprocessesand complexsystems such asocial
science and epidemiology.
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The nature of statistical thinking as describedsbyne statisticiange.g. Moore,1990;
Ullman, 1995;Britz et al., 1997; Sylwester, 1993; Coldnd Moore, 1997; Mallows,
1998) hadeen incorporated intour framework and is in consonance with regearch
findings. We believe that we have developed a more comprehensive accetatisttal
thinking thanhasbeen articulated up tdune 1998 Our framework and research could
help educators itkknowing how todevelop statisticathinking, and in knowing what
characterises statistical thinking.

11.7 Historical Perspective

The emergence of statistical thinkidgring the last century appears to have bbased
on fourmain factors.Thefirst factor is a fundamental realisati¢imat it is necessary to
gather and analysdatafor the acquisition oknowledge about a situatioifhe basis to
this factor is recognition that knowledge can be based on investigation, usngpigical
scientific method. The second factor is a recognitiah statisticamodels can beised to
model and predicgroup humanbehaviour. Thus amterplay between the statistical
model and theeal situation resulted in ghift of thinking toinclude a non-deterministic
view of reality. The third factor is the application ofathematicamodels to a variety of
domains, resulting in new ways of thinkirggrceiving and interpreting, ithe statistics
discipline. For exampldghesenew ways ofthinking occurred whemathematicakerror
models were used bQuetelet in thesocial sciencdield, and Galton inthe biological
sciences, and consequently became reinterpreted as variation or chance statidatsl
The fourth factor isthe development ohew tools for analysis, arising frotthe new
situations where statisticwas being applied. Theseew tools helped to aid the
development of statisticahinking. Statistical thinking appears to have aridesm a
context-knowledge base interacting with a mathematical-(statistical)-knowledge base, with
the resultant synthesis producing new ways of modelling and perceiving the world.

In evaluatingour framework from aristorical perspective, wean seehat ‘reasoning
with statistical models’ in a broad range of contexts promotes statistical thidksogthe
‘recognition of the needor data’, an understanding Ofariation’ and ‘synthesising
context knowledge angtatistical knowledge’, are some ofthe fundamentatypes of
thinking. The framework identifieghe use oftechniques as a type tfinking. Quetelet
applied the normal distribution to the ‘average man’ essentiallyrelopgnising the
applicability of such a distribution and using it in amovativeway. He thuspromoted
the development of statistic#thinking. Using problem solving toolsfor aiding the
development of thinking is a feature present infoamework. Porter (1986)ommented
that the evolvement of statistical thinking not only recognised the indeterministic nature of
certain individualphenomena, but algbe underlying patterns and causalationships.
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The framework acknowledges the key roles these two ideas play through the categories of
‘variation’ and ‘seeking explanations’. Although ‘transnumeration’ is not promoted as a
key element by historicalesearchers, inklings of @an befound in Quetelet's ‘average

man’ distributions, which fosterethe idea that a central limit effestas at work. Thus
through changing the way data are represented, deeper understandnegdaiéand the

real system are revealed.

11.8 The Framework and Further Research

Our framework is constructed arounthe empirical enquiry cycle for statistical
investigations. Thereforthe framework does not addreksw probabilitiesbehave, and
people’s understanding of how random models behave. Reseapchbadbility thinking
could result in a framework that would be an improvement on the one welwpased
for statisticalthinking, since statistics makes extensiyge of probability models. Also
there is thequestion of applied antheoreticalstatistics. This framework is based in
applied statistics. A theoretical statistical perspective may modiffraorework. Another
area toconsider forextending theframework, is going beyonthe empiricalenquiry
domain to the domain where people use and act on these empirical findings.

We have attempted to charactessene elements dtatistical thinking by conducting an
analysis ofthe disciplineitself. Therefore ithasbeen based from one perspectiidso
our framework forstatistical thinkinghas been constructed without reference to the
literature on mathematic#hinking, or tothe literature on developing general andical
thinking skills. In order toextend this framework further from thesutial beginnings,
research should be done froather perspectives to find ouhe differences and
similarities, and to determine whether statistics is indeed an indepeintkigctual
method(Moore, 1990).0ur framework for statistical thinkingwould beenriched with
research from multiple perspectives such as humanistic psychologyitaadi pedagogy.
Also, research usingdifferenttasks tothe ones used ithe first and second exploratory
studies, and research using people from different cultural backgrounds, would extend and
enhance our framework.

There is a need for research on students at all age levels, and on statisticians, while they in
the process oftonducting a statisticahvestigation. My research obtained reflections on

the approacheandertaken.The viability and validity ofthis framework could then be
ascertained and developed further at the macro-levelfratrework could also besed

to assess studentsiinking in the manner carried out in Chapter 8, asdd todevelop

and analyse a variety of assessment tasks by determining the type of thinking stimulated.
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From our framework and research findings a number of thinking tooldd be
developed for the ‘investigative cycle’. These tools could be develgpedudents at all
agelevels, such athe one described in Secti®™. These thinking tools could then be
evaluated to determine whether they improve and devaiogents’ thinking.Similar
thinking tools for the ‘interrogative cycle’ could be developed and testedhdpter 10 a

first attemptwas made at developing a list gluestions to ask when judgistatistically

based claims. This list could be refined and tested fuftetertiary students. ltcould

then be modified for use at different school levels, and tested for applicability and whether
it will aid the development of such skills.

The curriculum, andhence teaching andssessmentgould be constructedsing our
framework as a fundamentdlase. Furthermorethe framework could beused for
suggesting research areas that need to be developed. For example there ib@lgnodll
research on reasoning with statistical models, yet little research in any of the other areas.

11.9 Conclusion

My research question wa8Vhat aresome characteristics atatisticalthinking, at the
macro-level, in the domain of thempirical enquiry cycle from problem formulation to
conclusions?” As a result of engaging in an ongoimgrpretive process of four
exploratorystudies,involving the interviewing of statisticstudents and statisticians, a
four-dimensional statistical thinkinfamework was developed. Weelieve thatthis
theoretical framework, grounded in data and the literature, elucstates characteristics
of statistical thinking and sheds new light on its natillifee framework,and the resultant
discussioremanatingrom the researcfindings, have been an attempt to make explicit
what haslargely been implicitknowledge,gained throughexperience in a data-based
environment. This theory will neveeplace experience but it mayovide a base for the
development of more scaffolding for students entering the statistical community.
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