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Abstract

Statistical investigationgs a major strand of the New Zealand statistics curriculum. A
preliminary study identified thiaitial problematic situation that some year 10 studentsgage

141 15) were unable to complete a statistical enquiry because their question, which the
teacher had pproved, was unsuitable for the multivariate dat they were investigating.

An understanding about key concepts underpinning statistical questions seemed to be
lacking. A subsequent review of the literature failedirid criteria for what nakesa good
statistical question. Hence the research topic for this thesis was estabkshatdmakes a

good investigative questipand developing links between the investigative question and the

analysis and conclusion.

Using a design research method, four teaclergeriments were conducted over a period of

five years. Each experiment involved one year 10 class and altogether 93 students and two
teachers from two midecile multicultural schools participated. From thmetial identified
problematic situation, a tehing experiment was planned which involved identification of
underpinning concepts and development of innovative prototypical instruction meatiegial
teaching plan wasthen implemented. Data collected were student-agme postests,
interviews and clas transcripts, which provided insights into student reasoning and which

fed back into the next teaching experiment.

The main findings from the research were: (1) identification of the criteria for what makes a
good question and for describing distributipn$2) explication of the conceptual
infrastructure that students need for investigative questions, making a call, and distriputions
and (3)promising indicationghat theimplementation of the especially developed learning
materials designed to build cogwts such as variable, sample, population, sampling
variability, and distribution, improwd st udent s 6 reasoning proces
describe concepts and to assess the level of student reasoning for investigative questions,
making a call, and distritions were developed from the literature and data. The main
themes that emerged from the research were the necessity for concept identification, concept
development, particular learning and teaching approaches, and building knowledge about
student learningwhen attempting to engineer a new paradigm for enculturating students into
new ways of thinking statistically. The implications of these findings are that teachers will

need extended professional learning to meet the demands of the new curriculum.
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Chapter I Introduction

Chapter 1. Introduction

In 2007New Zealand introduced a nesghoolcurriculumfor all years of schoolingyears 1

13; ages 518) (Ministry of Education, 2007 The curriculum was organised into eight
learning areas, one of which wiatted mathematics and statistidsor the first time statistics
was recognised asseparate, but connecteatisciplineto mathematicsThe separateessand

connectedness is articulated in thathematics and statistiessencstatement

Mathematics ishe exploration and use of patterns and relationships in quantities, space,
and time. Statistics is the exploration and use of patterns and relationships in data. These
two disciplines are related, but they use different ways of thinking and solving

problems. Both equip students with effective means for investigating, interpreting,
explaining and making sense of the world in which they live.

Mathematicians and statisticians use symbols, graphs, and diagrams to help them find

and communicate patterns anthtionships, and they create models to repitesetin

reatlife and hypothetical situations. These situations are drawn from a wide range of

social, cultural, scientific, technological, health, environmental, and economic contexts

(Ministry of Education2007, p. 2§
At the timethe new curriculum was introducddwas workingin a teacher professional
development rolesupportingmathematics and statistitsachers in secondary schoodlsvo
key focuses ofmy work were: (1) supporting mathematics and statistics teachers as they
implemenedthe national qualification for yearsilll3 (agesl5i 18), the National Certificate
of Educational Achievement (NCEANd(2) supportingmathematics and statistitesaching
andlearning at all secondary levefspm years 913 (ages 1B18). Figure 1-1 summarises

the connections between the year of schooling, age, curriculum level and NCEA level.

Year of secondary 9 10 11 12 13
schooling

Ages 13114 14115 15/ 16 16117 17118
New ZealandCurriculum 4i5 5 6 7 8
level

NCEA (national NCEA 1 NCEA 2 NCEA 3
qualification) level

Figure 1-1. New Zealand secondary schooling years and associated curriculum and qualification levels

In additionl had been involved in writing the mathematics and statistics curriculum, working
primarily with the team that developed the statistics strand to better reflect the needs of our

students in the &t century.It was this collision of roles thdiecame the impetus for this
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thesis.From my perspectivihere needed to be a real purpose for undertaking research and it
had to ultimately support student learning and make a difference for both students and
teachersAs | was already working in teacherofessional development and given my depth

of involvement in the development of the statistics straindeemed logical to base my

research in this area.

The 2007 curriculum saw major changes to the statistics stfaedstatistical enquiry cycle
(Figure1-2) becameafundamentabrganising principldor framing the teaching and learning
of statistics Students needed to become data detectives, using exploratory data analysis and

relevant contextual knowledge to inform each of the stages of the enqtiey cy
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Figure 1-2. The Statistical Enquiry Cycle
Note: Reprinted fr om fDaCeasuddiSchedietv Zealand, RS, teteigved dronb y
http://new.censusatschool.org.nz/resourcetdatactiveposter/. Copyright 2008 bgensusAtSchodiew
Zealand. Reprinted with permission.
In addition more emphasis was placed on reasoftmmg plots and statistics rather than
focusing m the construction of plots or the calculation of statistics, and the mean and median

were reconceivedas propertieof distributions rather than stafadbne statisticsFinally



Chapter I Introduction

conceptual understanding needed to be built across all levelstarihg earlier than in

previous curriculgMinistry of Education, 2010b

1.1.Rationale for research

In orderto support teacherssahey upskilled themselves to meet the requirements of the
new curriculum | decided to research teacher statistical content knowldugécus was at
curriculum level5 (years9i 10, agesl3i 15) as this was the foundationalrriculumlevel for
nationalqualifications years11i 13, ages15 18). Initially the research involveexploring

the new curriculum with teachets ascertain their statistical content knowledge needs,
followed byobserving one of the teachers in the classrdbomvas at the point ofeflection

on t he s t-testsand the éealigatms that there was a large gap in the statistics
knowledge bas¢hat the focus for the research changed from a focus on teacher statistical
content knowledge to a focus on posing investigatquestios. Posing investigative
guestions is a key activity that students need to be abédw evidence of in order to
achievesome of the statistics achievement standardise national qualificatiofNCEA), in
particularachievement standalS91035 Invesigate a given multivariate data set using the
statistical enquiry cycléNew Zealand Qualifications Authority, 2010

The majorrole that posing investigative questions plays in assessment for qualifscation
therealisationthat teachers were not awdhat the investigative questions tisaidentsvere

posing were potentially flawedesulted in thecrystallisation of theinitial problematic
situation which is described more fully in chapter Beachers and assessors need to know
what makes a good investigative question, the components and concepts underpinning a good
investigative question, and the learning thaidents need to be immersado support their

posng of good investigative quesins Therefore researchwas neededn the area of

investigative questions to buildn@wknowledge base

It could be argued that posing an investigative question is not necessary for statistical
investigation, that itis possible to use a poorlgonstruted or conceivedjuestion to
undertake an investigatiorExpert statisticians and practith@rs can cope with poorly
constructed or conceivedguestions. Me focus in this researclihowever,is on novices,
students beginning their statistical journagdit is important | would evenargue critical i

that their statistical foundations are solid. The eigttisticiancancope for examplewith

the idea of investigatinthe relationship between height and gender. The éxgiatistician
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will undertake statistical analysis and use this analysis to infer about auwnmiderse This
expet statistician understands that they use a sample to make inferencésaabaier
population, that the@oorly formed question is actually about a widepydation and specific
variables (measureslhe novice however,has yet to develop an understanding of the
underlying concepts for posing investigative questions and subseghentlio make links
between these concepts, statistical analysis and conwdiisieaffirming theirneed to build a

knowledge base for posing investigative questions.

1.2. Research questions

For my working hypothesisl conjectured that if studentsould learn to pose good
investigative questions and if thegally understoodtheir invesigative questiorthenthey
would conduct better analyses and draw better conclusiddssed on four exploratory
teaching experimentshe final research questions fell into four broad areas from the

statistical enquiry cycle.

Investigative question

What makes a good investigative question?
What are the underpinning concepts that are needed to support teaching and learning
around posing investigative questions?

1 What level of comparative investigative questions are year 10 (ag&S) Budents
posing?

Prediction/ hypothesis

1 What distributional shapes and graphs do yeda@& 14i 15) students predict when

given the context?

Analysis

1 What evidence do students uséitwake the cadl at curriculum leveb (age 13 15)
given suitable learning experiences for developing criteria to make a call?

1 What descriptors do year {8ges 14i 15) students intuitively usor distributioral
shap@

1 What makes a good distribution description at I&@ge 13i 15) in the New Zealand

curriculunf
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Conclusion

1 What underpinning concepts do students need to support them to make a call at
curriculum leveb (age 13/ 15)?
1 Can year 1@Qages 14i 15) students consistently and coherently make a statistical

inference?

1.3. Scope of the research

The participantsin the research we four year 1(classeqstudents aged 145) and their
teachersThe students and teachers came from two different multicultural secondary schools.
One school wasoeducationahnd the other singlsex(girls only). Both teahers were within

their first ten years of teaching and had a passion for statiShiestesearch took place over
five years, with four irclass teaching experiments in 2007, 2008, 2009 and Z4.
research method used wedssign researci{Bakker, 2004aBrown, 1992 Cobb, 2000a
2000h Hjalmarson & Lesh, 20Q&elly & Lesh, 2000 Schwartz, Chang, & Martin, 2008

with an emphasis on innovative practice realised thraugimtervention, researching the
intervention and developing theories based on findings from the interventioa repeated
cycles of prearation and design, teaching experiment, retrospective analysis and
identification ofnew problematic situations was eminertlyted to the exploratory nature of

the researchQualitative and quantitative data were collected over the four teaching

experiments and included pr@nd postests, interviews, observations and field notes.

The curriculum focus was statistical investigations at |&véhge 13 15), with a specific
focus onworking with given(secondarynultivariate data set3he four areas investigative
guestions, prediction/hypothesis, analysis and conclusieare all considered as part of the
teaching and learning that was developed over the tkaghing experimentS hese areas
reflect the curriculum at levé (ages 13i 15) and map to the statistical enquiry cy@rgure

1-2, page 2 well. The overall unit plaswere developed collaboratively by the teacher and
the researcher to follow the sdical enquiry cycle and reflected the change in emphasis in
the new curriculumand acknowledgethe necessity to prepare ftive national curriculum
and qualification NCEA) in years 1113 (ages 1518).
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1.4.Outline of the thesis chapters

This introductory chapter sets the scdpe the research focus oposing investigative
guestions and the links between and acrossteges of thatatistical enquiry cycle in light
of the new curriculum that was published in 20CRapter 2 reviews litature and research
in the area of posing statistical questions and suggestesaarch in tharea of what makes
a good investigative questios neededChapter 3 presesithe research methods driving the
study,and thedata collection and data anabl/snethods for both qualitative and quantitative
data. Chapter 4describes the rearch method within the contektthe participants, the
preparation and design phase, the teaching experirardtthe retrospective analysis in

relationship to the four tehmg experiments.

Results for the research are developed over chapters 5, 6, 7 stadiBg with defining the
problematic situation in chapter &hapter 6 explores posing investigative questions and
presents criteria for what makes a gondestigativequestion and a possibleaching and
grading frameworkChapter 7 looks amnakinglinks betweenthe investigative questioand

the analysis and conclusiomi ma k i n g inlktempacatve ditdationcChapter 8 looks at
making thelink between the invesgfative question the prediction/hypothesisand the
analysisi.e.describing distributiondn all four resultschapters the retrospective analysis and
the results of the quantitative and qualitative data are gkieally, chapter 9 makes links
across k of the results chapters discussed previously, identifying overarching thanes,
suggesting implications for research and practigeitations of the current researdre also

discussed irchapter 9.
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Chapter 2. Literature Review

2.1.Introduction

Posing questions was identified as a potential area for investigation during the first teaching
experiment in this researetthen students were unable to complete an assessment task
students hadetected an unsuitabtpiestion to complete the investigatind as a result were
unable to complete thanalysis and therefore thavestigation This initial problematic
situationand how it was realisad describedn detailin chapter 5After it wasidentified that
students were finding it difficult to pose questions, the literature was initially reviewed with

the goal of discovering what makes a good statistical question.

The focus in chapter 2 is on statistical questions within the statisticalrgroyale (see
Figurel-2, page 2) as realised in the New Zealaadiculum (Ministry of Education, 200/

In this literature review the scene is set by discussing some of the assumptions that this
research is based on awmthrifying why particular perspeéiwes are usedA theory on
statistical questions is argued based on a review dtétistical enquiry cycle in its various
guises across countrieauthors and the literature. Related language and definitions are

discussed to complete the picture of pleeceived issues around posing questions.

2.2. Assumptions

This section outlines some of the assumptions that have been used within this ré@$earch.
difference between the novice and expert statistician is discassleackgroundon why

some elements of the statisticlarcraft are highlighted and othease not. Secondary data
sources are used extensively in the teaching and learning of statistics in the New Zealand
setting and a short discussion on these and how secondary andylataasources play out

differently within the statistical enquiry cycle is given.

2.2.1.Novice and expet statisticians

The difference between novice and exatisticians needs to be discusfedn the outset
The novice statistician in this case is thedsint in school who is beginning their statistical
journeyandlearning to think statisticalljNovices coméo the class with little or no previous

experienceand anyprevious experience they may have is likely to be based on fallacy or
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smallsample infeence for example, my brother had a bad experienith X, therefore X is
bad (Watson, 200§ It is likely that novices havéhad limited interaction with specialised
statistical termsand where they are familiar with a ternis often in the everydayse of the
word rather than in the statistical sen3&ée novice is the clay to be moulded through

experience i nt o ,anefofwhompsatistica thiskingig consirton ptacea n

The expert statistician hasanyyears of experience behind thethey have learnt through
experience what workand what does nofi St at i st i c al thinking is t
of the [ exper t(Wildé& Pfanhkuch, 1998, p. 238BExpert atatisticians can

work with vague and often ilefinedproblems and seek solutions, knowing wlhieey can

infer about a wideuniverseand when they cannot. Elements of the statistical enquiry cycle

that are meticulously adhered to when working with novice statisticians are not seen in the

same way by expertaisticians or necessarily with the same importance.

This difference between novice and expert is important as statistical processes that are used
with the novice are aligned to pedagogy, the teaching of statistical concepts, thinking and
processesand may not directly reflect the practice of the expert statisticikedagogical
considerations are at the forefront of the work with novice statisticians (students) and
therefore influence the decisions made around teaching and learning experiences for the
novice. Novice statisticians are pradtig the craft of the expert statistician, but not

necessarily applying the practicetbéexpert statistician.

2.2.2.Primary and secondary datasources

The statistical enquiry cycle that the New Zealandiculum is basean is also known as

the PPDAC (said as-P-DAC) cycle (MacKay & Oldford, 1994Wild & Pfannkuch, 199%

with the five stage®roblem, Plan, Data, Analysis andConclusion forming the mnemonic.

The statistical enquirycycle given in Figure 1-2 (page 2)shows the investigationas one

where the student collects the dapairfary data) for subsequent analysis. This situation,
althoughf or mi ng par't of t he , s na thepnmad situaton ant i st i ¢
statistics education at tlsecondarygchool levein New ZealandOftenstudents are working

with secondarydata, data that has been collected for a different purpmse they are now

using thissecondarydata to do a secondary investigation. The tepmmsary data and

secondary datarenot common place and more often the data is referred to as either data that

is collected by the student (primary) or data that is given to the student (secondary).
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In New Zealand many teachers ahdir students use the CensuSchool databases for their
staistical enquiry and most of the material used in this research is baseitheon
CensusAtSchoobatdases with a few other secondary data sets usednssAtSchool
www.censusatschool.org.ng a biennial online survey thatew Zealandstudents inyears

4113 (ages ©18) complete The survey usually has about 30 questions and generates a
mixture of categorical and numerical dat#sing secondary datdéike the CensusAtSchool
data,requires students to become familiar with the rulsteaand to ask questionsich as:

What was the original survey question askedeoerate a particular variablefdw wasthe
variable measured?ow was the data collected? Why wiag datacollected?and What were

the investi gat d?mThsdastguestignispertinet q bestucemes t he 1 n\y
original questions are not included with the CensusAtSchoolidite main purpose of the
survey being to provide useful and relevant data for students to explore as they develop their

statisticianbs craft.

One point to conder regarding secondary data is the richness of the data set. While
CensusAtSchodhas been specificallyedigned to provide a rich multiriate data set from
which interesting secondary investigations can be carried out, this may not always be true of
other secondary data sets.

When students use secondary data the statistical enquiry cycle is altered and students usually
start with theData familiarising themselves with the medata associated with the particular

data setThis familiarisation includeexploring thePlanningstage for examplepy exploring

what survey questionsereasked, how theatawascadlected and what was measurgdnce

this metadatahas beerexplored the Problem can be established, followed thg Analysis

and therConclusionstages of the enquiry cycle

2.3. Statistical investigations

Statistical investigationis a key thread in the New Zealand curricul(tive other two threads
being statiscal literacy and probabilijy Statistical investigations are exploredthis section
of the chapterjnitially looking at the New Zealand situati@nd then comparing this with
perspectives from th&nited Kingdom(Graham, 2006and the United Statesof America
(Franklin et al., 2006 As will be shown statistical questions are an integpalt of statistical
investigations across the different countriesNew Zealandthe new curriculum(Ministry

of Education, 200)/shows a greater emphasis on statistical thinking and reasomnitige
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United Statesthe GAISE (Guidelines for Assessmeamd Instruction in Statistics Educat)on
reportpr ovi des aFramewnnkforeKjpll? statistics educatin @-ranklin et al.,
2005,p. 55 andGr a h a moéDevelbpinglkinking in Statistic§Graham, 200pprovides a
comprehensive look at statistichlrtking in the United Kingdom.

2.3.1.Statistical investigations thread in the NewZealand curriculum

Statistical investigations was one of the main threads of the statistics stridn@dli992 New
Zealand mathematics curriculurgMinistry of Education, 1992 along with exploring
probability and interpreting statistical report3he previous syllabus for schools,
Mathematics: Forms 1 to 4ages 11i 15) (Department of Education, 198had general
objectives in relation to statistics. For
coll ect, order, di s pl @epartmam of IEqusagon, 1981 @), 5i nt er
which would seem to be a precursor to the statistingliry cycle. From these beginnings
statistics within the mathematics curriculum has developed to the extent that statistics is now
recognised as having different ways of thinking and solving problems from mathenmatics.
the New Zealandurriculum publishedri 2007(Ministry of Education, 200)thereis a name
change frommathematicdo mathematics and statistiesidthe essence statemerticulates
the difference beteen mathematics and statisticswo connected but different ways of
thinking.

Mathematicss the exploration and use of patterns and relationships in quantities, space,

and time. Statistics is the exploration and use of patterns and relationships in data. These

two disciplines are related, but they use different ways of thinking and solving

prodems. Both equip students with effective means for investigating, interpreting,

explaining, and making sense of the world in which they (iMnistry of Education,

2007, p. 2B
In the 2007 New Zealand curriculum the three main threads that were in tB2 19
mathematics curriculum asgill evident gatistical investigatioms couched explicitly within
the statistical enquiry cyclénterpreting statistical reports rebranded as statistical literacy
with a clearer focus on understanding and criticallg evu at i ng ot hermandpeopl €
exploring probabilityis concentratd more on linking empirical and theoretical outcomes. To
illustrate the change from the 1992 curriculum to the 2007 curriguharievel5 (ages 18
15) achievement objectives for the statistical investigations thread are giv@gure 2-1
(next page) Appendix A has afull list of statistical investigation objectivefer the 2007

curriculumfrom levek 1 to 8 (agesiEL8).

10
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Comparison oflevel 5(ages 1815) Statistical Investigation Objectives

1992 Curriculum

2007 Curriculum

Within a range of meaningful contexts students shy

be able to:

Plan and conduct statistical investigations of varial
associated with different categories within a data
or variations of variables over time; consider |
variables of interest, identify the one(s) to be stud
and select and justify samples for collection; find, ¢
authenticate by reference to appropriate displays,
measures such as mean, median, enaaterquartile
range, and range; discuss discrete and contini
numeric data presented in quality displays; collect
display comparative samples in appropriate disp|
such as backo-back sterrandleaf, boxandwhisker,

and composite bar graphs.

(Ministry of Education, 1992, p. 18¢

In a range of meaningful contexts, students will
engaged in thinking mathematically and statistica
They will solve problems and model situations t

require them to:

Plan and conduct surveys and experiments using

statistical enquiry cycle:

determining appropriate variables and measure
considering sources of variation; gathering and
cleaning data;

9 using multiple displays, and-mtegorising data
to find pattens, variations, relationships, and
trends in multivariate data sets;

1 comparing sample distributions visually, using
measures of centre, spread, and proportion;

1 presenting a report of findings.

(Ministry of Education, 2007, p. 35

Figure 2-1. Comparison between 1992 and 200@vel 5(ages 1815)
statistical investigation achievement objectives

In the 2007 curriculum three particular changes can be :noted

1. There is anncreased emphasis ohet statistical enquiry cycl@ithin the statistical

investigatios thread therefore teachers and students need to become familiar with

all aspects of this cycle.

2. The mention of sample distributionenfirms the intentiothat students are expected

to use samples to make inferences about populatidres informal inferential

reasoninganddescriptivereasoning are required during data analysis.

3. The objectives refer to thinking progressions at a generic level rather than specifying

the content to be learnt.

Wi | d and

R1989n dedcnipitoh ofsthemodel for the investigative cycldthe

statistical enquiry cyclefprms the basis of the statistical investigation strand in New Zealand

schools Curricular support materiagsuch as the itemafound on th&€€ensusAtSchoolebsite

(www.censusatschool.org nhare been developed with thevestigativecycle explicit.

11
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Internationally, he necessity to emphasise statistical enquiry is borne out by the statistics
education literature published since 1982).Bishop & Talbot, 200;LFranklin & Garfield,

2006 Franklin et al., 2005Friel & Bright, 1998 Glencross & Mji, 2001 Graham, 2006
Konold & Higgins, 2003 Stuart, 1995Wild & Pfannkuch, 1999Zayac, 1991 The different
authors present the statistical investigative cycle with either four or five phékes.
commonalities amongst them are greater than the differeidisout exception they are
cyclical, have at their beginning a problem to be solved or a question to be anamdrad

their end a conclusion.

This literature review explores the placeqpfestions and questioning within the statistical
investigative (or enquiry) cyclelThree frameworks for statistical enquiflfranklin et al.,
2005 Graham, 2006Wild & Pfannkuch, 1999 are nowdiscussed separatelgnd then
comparedwith one another. The place of questions and questioning as appradpriate
identified.

2.3.2.The four-dimensioral framework for statistical thinking in empirical enquiry

Wild and Pfannkuch(1999 developed a framework for statistical thinking in empirical

enquiry baed on reading of literature, their own experiene@sl interviews with statistics

students and practising statisticiafbeir framework has four dimensiarnke first oftheseis

the investigative cycleand he other three dimensions are the types hofking, the
interrogative cycle and the dispositions. All elements of this frameworkneed to be
considered as fAthe thinker ide&Péabnkush, 1999, al | f
p. 229. Thisindicatest hat t o wunder st antdin tisetinvedtigaiite £y@&le,r e a s o
consideration shouldlsobe given to the other three dimensidrezauseheyimpact on the

investigative cycle.

In their interviewing Wild and Pfannkucli1999 noted that the statisticians gave prominence
to the early stages f t he i nvestigative cycl e, i n part

system, problem formulation, (p.225 pl anning an

The Investigative Cycle

This first dimension of the framework is concerned with what one thinks abouhameay
in which one acts during a statistical investigatdfild and Pfannkuct{1999 worked with
the PPDACmModel(MacKay & Oldford, 1994 of the statistical investigative cycle

12
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1 Theproblemstage deals with graspirgparticulasystend dynamics and
understanding and defining the problem.

1 Theplanning stage involvesiecidingwhat to measure and how these will be
measured, how the sample will be taken, the design of the sindlypw the data
will be managegincluding the recording and collecting oftdat also includes
piloting the investigatiorand planning the analysis.

Thedatastage is concerned with collenjy managhg and cleaning the data.
Theanalysisinvolvessorting the data, constructing tables and graphs as appropriate,
exploring the d&a, looking for patterns, planned and unplanned anabsts
generatindiypothess.

1 The final stage of the cycle involvagerpreing, generatingonclusions new ideas

and communicating findings.

In this first dimensionquestions and questioning arise in all aréagestions are posed in
both the problem and planning stagesparticularalthoughquestions are asked in all stages.
Definitions and clarification of the purposes of these questions are discussed inndetail

section2.4 (page 19.

Typesof Thinking

In the seconddimension Wild and Pfannkucfi999 split the types of thinking into two
distinct categorieghinking thatis inherently statisticabnd general types of thinking.

TYPES FUNDAMENTAL TO STATISTICALTHINKING (Foundations)
1 Recognition of need for data
1 Transnumerationchanging representations to engender understanding)
O capturing Ameasureso from real system
0 changing data representations
0 communicating messages in data
1 Consideration of variation
o noticingand acknowledging
0 measuring and modelling for the purposes of prediction, explanation, or
control
0 explaining and dealing with
0 investigative strategies
1 Reasoning with statistical models
1 Integrating the statistical and contextual
o information, knowledge, ca®ptions
GENERAL TYPES
1 Strategic

13
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o0 planning, anticipating problems
0 awareness of practical constraints
0 Seeking explanations

1 Modelling
0 construction followed by use
1 Applying techniques
o following precedents
0 recognition and use of archetypes
0 use of problensolving tools(Wild & Pfannkuch, 1999, p. 226

General thinking involves asking questions before the investigation commences and at each
stage in the cycléAs the investigation progresses the thinking involves looking forwards and
anticipating problemsand looking backwards and adjusting questions, data collection

methods, and analysis.

Statistical thinking occurs when statistical processes within the cycle are quesfioned
example: What type of data is needed to answer the question posed? Whicis desitfor

this type of data? Whairethe statistics, graph or table inferring about the datedWhatare

the statistics, graph or table inferring abdié population? When considering the five
fundamental types of thinking, the rationale and puredend using each of them depends

on the question that has been posed. Thus the posed question is an integral and key part of

consequent thoughts and actions during statistical enquiry.

The Interrogative Cycle

The interrogative thinking process is in ctamg use when people are statistically problem

solving.The cycle has five stages to it:

1 Generate:thinking about plans of attack, brainstorming, looking for possible
explanations and models, what information is needed.

1 Seek:recalling or seeking infornmti@n, digging into memories for information that
may be relevant, finding information from other sources, reading relevant literature,
guerying the data at hand.

1 Interpret: it aking and processing the results o
Read/see/hedr translaté' internally summarisé comparé’ ¢ o n n @Vddi&o
Pfannkuch, 1999, p. 232There is a need for the interconnection of ideas within this

stage, connecting new ideas to existing ideas and grawmgpriersgtal models.

14
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l

Criticise: this involves checking incoming information against reference points

asking questions such as il @Vild&wPifasnkuch, ght ? 0

1999,p.232At this stage oneds owlsoneheing ki ng

unduly influencedy his or her belief system or emotional response to a situation?
Judge: this is the end point with a decision to be mddkecide what to believe, to

continue to thinkabout what to discard.

The interrogative cycle seems to the key dimension when quisning all aspects of the

enquiry cycle.For such questioning to become operatipimae may need some subject

matter knowledge, experience and a certain type of disposition. For the learner, however,

some thinking tools to instigate such questions maydaseledWild & Pfannkuch, 1999 It

may be important to deliberatively develdpterrogative questioningwithin student

instruction. Some of these deliberatesgtions could be the following:

T

Generate questioning at the planning staig@vhat questionseed to be asked to
collect the information required®ill this question work?2s the question clear and
unambiguous?

Seek interrogating the dat&aWhere did the data come froriihat is the background
contextAWhat questions were asked to get the data?

Interpret : Should | beupdatingmy questions? How do | update my questiongwH
do these ideas connect with what | already know?

Criticise: challenging all phases of the cycle, asking questions su€lodkese
results make sense with what | know?

Judge finalising the problem, deciding on the nature of the data, making the final

decision about how to proceed.

Dispositions

Wild and Pfannkuct{1999 look at the personal qualities a person needs to iniia¢éfect

entry into a thinking modeThe qualiles are curiosity and awarenessngagement

imagination scepticism being logical perseverangceopenness and a propensity to seek

deeper meaning.

These qualities alsplay a role in questions and questioniMgithout curiosity, awareness,

and a desireotseek deeper meaning, there would be no questions or problems to investigate.

Imagination comes into play when developing questiomsd when questioning or

15
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interrogating different stages of the cycle one must have a healthy dose of scepticism,

perseverare, openness and a desire to seek deeper meaning.

Summary

All four dimensions are kefor this study in the statistics education domaiihnis research
with its focus on questions and questioning touches on all four dimensions of the framework
for statistical thinking in empirical enquiryhe overarching dimension is the investigative

cycle.

2.3.3.The PCAI framework

Developing Thinking in Statistics(Graham, 2006 is a book written for primary and
secondary mathematics teachiershe United Kingdomlt is a practical book with tasks and
pedagogic ideas for the reader to work thrquaghd is based on research and effective
practice.DevelopingThinking in Satisticswas sourced with a view to the United Kingdom

perspective on statistics teaching.

Graham (2006 believes that an investigation is good way to teach statistics in a motivational

way that develops useful skillbut cautiond hat it i s i mportant to p
meani ngf ul and p(urg e e fswmly s ¢ o Mmehdnaeterssdie df am i n g
investigation is that it is based omgaestiont hat | ear ner sGrava(00§t o ans
uses a statistical investigatiaycle, which closely matchdbe investigative ayle of Wild

and Pfannkuch1999. The name f or Grahamés framewor k,

acronym for the stages in his investigative cycle.
P: Pose theguestion

According to Grahanf2006, posing the question is critical as it is the key to everything that
follows. He says thastudents will not find this stage particularly easy as generally they have
had little or no previous experiendde suggests five considerations for coming up with a
good questior(seepage 28-29). Graham stresses that while posing the quesstudents
should be going through in their minds how the whole investigation might viFk.
example,problems that are foreseen mbg able to be fixed if it is a problem with the

wording of the question.
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C: Collect the data

Graham(2006 considers the two soure®f data that are most likely to be usagarimary
source,i.e. data collected by studentsr secondary sourcese. data already collected by
someone elséf primary sources are being consideréebn decisions on how the data will be
collected needo be madeThe investigation could be an experiment or a questionnaire, and

sampling issues need to be considered as well as choices of measure.
A: Analyse the data

This stage involves collating the data into tables, calculating summary statistics, and/or
drawing graphs as appropriat@onsidering whether the data are single or paired, or discrete

or continuous helps decide what statistical elements would be best to use in the analysis
stageSt udents need to know fdAwhat rovidesabagythties gr a
data and how these can (Breaham, 2006 p.2)J6 i nf orm t he

I: Interpret the results

The final step in the cycle is where students relate their analysis to the initial quéstias.
point they must consider serioysihether or not their question has been answéfddhas

not, how might they now proceed?

2.3.4.Linking PPDAC with PCAI

The two investigative cycles proposed by Wild and PfannKa&®89 and Graham(2006

have basically the same componerise only real dference is that Wild and Pfannkuch
separate out the planning and data stages whereas Graham has these included in the same
stage This is shown irFigure2-2.

PPDAC (Wild & Pfannkuch, 1999) PCAI (Graham, 2009
Problemi understanding and defining Posethe question
Plani what to measure and how Collect relevant data

Datai collection, management, cleaning

Analysisi sort, look for patterns, generate hypotheses Analyse the data

Conclusioni interpretation, conclusions, new ideas, Interpret the results
communication

Figure 2-2. Comparison of PPDAC and PCAI models
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2.3.5.Statistical problem solving

The Guidelines for Assessment and Instruction in Statistics Education (GRSt

(Franklin et al.,, 200bp r ovi d e s aFrameworkfar &id2sutaalt i sti cs educa
5) in the United Statesf America The framework has four process components, which

reflect an investigative procesBhe processesire formulate questions, collect data, analyse

data, and interpret results, and are similaheoPPDACandPCAI models.

1 Formulating the questionsnvolves clarification of the problem at hand and
developing questions that can be answered with the data.

1 Thedata collectioncomponent refers to the planning phase and theatah of the
data.As Graham 2006 did with the PCAI cycle, the GAISE report does not separate
out the plan and the data as two different components

1 Analysing the datanvolves appropriate selection of methods to analyse the data
including graphical and numerical.

1 The finalcomponent ointerpreting resultsincludes relating the interpretation of the

analysis to the original question.

2.3.6.Summary

The three models discussae all cyclical As Bishop and Talbof2001) state,fiThe model is
cyclic because, at each stage, one nudt forward as well as backward and the conclusions

relating to one problem lead on to a new proli¢m 215)

The statistical investigation cycle hpssing questionat its heartand as one delves deeper
into each of the stageguestioning is a keyatet of all stageshe literature on the enquiry
cycle gives prominence to the importance of formulating the statistical question, and in the

teaching setting, the question needs to be one that students want to answer.
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2.4. Questions within the statistical irvestigation cycle

The previous section discussed the different stages or phasestaifstical investigation
cycle. In this section the role of questions and their purpose within the PPDAC statistical

investigation cycle is discussed.

| argue that statistics education researchers have not defined the types of questions or
differentiated betweethe purposes of questions usaddifferent pointsn statistical enquiry.

The consequence is a lack of clarity in the design of their studdethair findings.

| will, first, present my theory including two frameworks on statistical questioning and then |

will use this theory to illustrate how researchers lack clarity in this area.

2.4.1.Question posing and question asking a theory

The motivating question for this literature review wad¥Vhat makes a good statistical
guestior? A review of statistics education reseafohinda number of studies where forming
statistical questions was part of theearchegrocesge.g.Burgess, 2007/Hancock, Kaput,

& Goldsmith, 1992 Lehrer & Romberg, 199@fannkuch & Horring, 2005Russell, 2006

and a number of papeos bookswhere forming statistical questions were reported as part of
an overview of the current status of statistics educaf@g. Graham, 2006 Konold &
Higgins, 2002 Whittin, 2006§. As a result ofthe literaturereview, and considering the
statistical investigative cycléhe picture of what makes a good statistical questionsivihs
unclear. There were mixed messages atimjpurpose of statical questionsabout whether
they wereused for an investigation or to collect data from peoptem the literature and
from my own experiences | concluded that within sta@$iitvestigationshere arégwo types

of questios: those that are formallposedand those that are spontaneously asked throughout

the investigative process.

My theory is that there iguestion posingndquestion askingQuestion posing results in a
guestion being formally structured, whereas question asking is a consipoataneous
interrogative process. Question posing arises as a result of having a problem that needs to be
addressed using a statistical investigatlosedquestionanay be asked fanvestigatve or
surveypurposesinvestigativequestionsare thosdo be answered using data (the problem)

while surveyquestionsare thoseasked to get the data (the plan). Question asking also has
two purposes, both of which involve an interrogation elemienérrogativequestions are

thoseasked as checks within the tydthe problem, the plan, the dathe analysis, the
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conclusion) while analysisquestions aréhoseaskedabout the statistics, graphs and talires

orderto develop a description of and an inference about what is noticed (the ankigsis).

2-3 sumnarisesthese question purposasross the PPDAC cycle.

PPDAC cycle | Problem Plan Data Analysis Conclusion
Que;tlon Investigative Survey
posing
i Interrogative
Ques_tlon Interrogative| Interrogative| Interrogative g' Interrogative
asking Analysis

Figure 2-3. Question posing andjuestion askingwithin the PPDAC cycle

The role of questions can be further clarified lgcpg the four different question purposes
into the context of the statistical investigation cydtegure 2-4 (next page)suggests how
guestiming fits within the statistical investigative cycle when the investigation involves

collectingthe datai.e. usingprimary data
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The PPDAC cyclein situations where the student collects the data (primary data).

PROBLEM

Motivating situation/question/idea.

Bl il | Could be eithefor a survey or experiment situation.
POSEinvestigativequestion.
By =
Interrogateinvestigative question.

Develop measurement instruments and data collection procedures.

POSEsurveyquestions.

Interrogateplan.

Update investigative question as appropriate and as necessary based on planning.

DATA
Collect data.

Revisit the investigative question updating if necessary (maybe pose new investigative questions t
become apparent after collecting thea).

ANALYSIS
Calculate statistics, draw graphs, create tables as appropriate.

ASK analysisquestions about the statistics, graphs and tables and describe what isaratieduht is inferred
Interrogateanalysis.

Revisit the investigative question updating if necessary (maybe pose new investigative questions t
become apparemthile analysing the data).

CONCLUSION

Write theficonclusio® answering the investigative question(s).
1 Use supporting evidence from the analysis.
1 Make inferences about the population.

Interrogateconclusion.

POSE furtheinvestigativequestions as a result fifonclusiorm.

Figure 2-4. Questions within the statistical investigative cycleprimary data

Note Statistical and context knowledge diagranpr i nt ed from AStatistical think
C. Wild and M. Pfannkuch, 1999, International Statistical Review, 67(3), p. 228. Copyright 1999 by the
International Statistical Review. Repdt with permission.
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Figure 2-5 shows the same for an investigation that is basedsorga given multivariate

dataset,i.e. usingsecondary data

The PPDAC cyclein situations where the data is given to the students (secondary data).

Original InvestigatorsDATA /PLAN
Data sets given.

Interrogatethe background to the data.

Understand the originahvestigativequestion(s) and data collection plan includivyv the data was collecte
andwho the data wasollected from Find out thesurveyquestionsused.ldentify the variables of intereaind
what they measure, and identify the population of interest

Interrogatethe data.

PROBLEM
Motivatingst uat i on/ question/idea of what Al 0 wil/l i

POSEnewinvestigtive question.

Interrogateinvestigative question.

ANALYSIS
Calculate statistics, draw graphs, build tables as appropriate.

ASK analysisquestions about the statistics, graphs and tables and describe what isaratieduht is inferred
Interrogateanalysis.

Revisit the investigative questionpdating if necessary (maybe pose new investigative questions thal
become apparent after analysing the data).

CONCLUSION

Write theficonclusio answering th@ewinvestigative question(s).
I Usesupporting evidence from the analysis.
1 Make inferences about the population.

Interrogateconclusion.

POSE further investigative questions as a resuitonclusiom.

Figure 2-5. Questions within the statistical investigative cyclesecondarydata

2.5. Question posing

Posing questionbas been noted and identified as a potential problem area for students and
teachers by Burgeg2007), Pfannkuch and Horrin(R005, and Rubick2000. Research on

posing questions appears to be limited

Different authors and researchers refeiqu@stion posingn different ways.For example,
discussions include answerirfgquthentic questiogs(Hancock et al., 1992 formulating

fistatistical questiasd (Konold & Higgins, 2003 Russell, 2008 answeringfimotivating
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guestioso (Pfannkuch & Horring, 2005 posingfiproductive questiosand fiquestiors of
great interest (Lehrer & Romberg, 1996 posing fiappropriate questi@nor hypotheesod
(Burgess, 2007 and formulating firealistic questiosd that can be inwigated (Graham,
2006.

2.5.1.Making the distinction betweeninvestigative and survey questions

When referring to posing questions, there is a lack of clarity amongst researchers about the
two different purposesf questionsi.e. investigative and surveysome specify the purpose

of the question that is being pog@dg.Burgess, 200/Graham, 2006Pfannkuch & Horring,

2005 Rubick, 2000, while others appear to make the distinction but do not specify the
distinction (e.g. Hancock et al., 1992Russell, #06). There arealsothose who appear to

make no distinction between the two quite different purposes of question fesjrigonold

& Higgins, 2002 2003 Lehrer & Romberg, 1996Whittin, 2006. These thredlistinctly
differentsituations that exist irhe literature will now be elaborated upon.

Explicit distinction

Burgess(2007), in his research on teacher knowlegddgearly makes the distinction between

the two purposes for posing questiortée researched specialised content knowledge,
common contentriowledge, knowledge of content and teaching, and knowledge of content
and studentsand related thseto theaspect s of Wi | d1998 rfadir- Pf ann
dimensional framework for statistical thinking in empirical enquiry. Withis research,
posing questions for investigation was mentioned as a key area of knowledge needed by
teachers whemreachingstatistics.Burgessshowed thatis teachers, while cognisant of the

need for questions to be posed, found some challenges in eéhisvaen teachindde also
reported that posing questions for investigation was difficult at times for the students in the
t e ac her sldadditibnahe eemoded on exames of teacher knowledge arouddta
collection questiosy which he identified asbeing distinct from questios posed for

investigation.

Because so many statistical concepts were covered in the investigative process (from the
posing of question for investigation, consideration of data collection questions, analysis
through sorting andtber transnumerative processes, and concluding statements), the
examples given are a small sample covering a wider variety of statistical concepts
(Burgess, 2007, p. 156
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Pfannkuch and Horrind2005 report on the first year of a thrgear project around
developing a statistics curriculum for -¥Barold studentsThe project involved working

partly with seven teachers in a secondary school and more specifically with one of the
teachers to identify problematic areas in the 2002/2003 currithé&y. detaiked problematic

areas thathey identified and changes that were made to teaching approaches, a process
which was repeated over a couple of yedms2002 one of the key problem areihey
reported on was posing questiofifie issues around posing questioded by Pfannkuch

and Horring(2005, p. 208include:

1 students forgetting to go back and answer the queksiioh ook ed at t he dat a
tal ked about the data insaneead of going bacl
i teaches ébility to pose questions was limitedit eacher s tended to pos

framed statistical questions according to

In this instance the purpose of posing the question was to investigate a given data set.

Implicit distinction

In her articleabout data investigationRussell(2006 concludes that there are two central

i ssues: AwWhat do we want to know and how ca
furnish good information? What do the data we collected and represented tell us adtout wh

we wanted (p. @9) k the first @uestion Russell refers implicitly to the two
purposes of posing questionsn ve st i gati ve (AWhat add Howmr wamyt (

we formul ate a way of collecting dataodo).

In their work on data modellingdancock Kaput and Goldsmitli1992 identify two parts

that make the wholadata creatioranddata analysisThey state that data creation has been
neglected and that it is a critical part of the whole enquiry proetsscock et al. implicitly

mention thetwo different purposes of posing questiotisey ref er t o a #Aprob
and concern to them é devise a plan to coll
Hancock et al., however, did caution that their dstsed inquiry projects startédwi t hout a
clear question, and e nd e duggesting the importande efdhe a n s
investigative question being part of the process and being approggietbam (2009

concurs with this idea of the investigative question being ey without a clear question,

there are no criteri .26)or deciding what to d
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In the previousexamples the distinction between the investigative question and the survey
guestion was made by researchers, either explicitly or implidithe following examples

give situations where the distinction is either not made, or is not clear.

No clear distinction

Konold and Higgins(2003 in their review of statistics education research devote some
discussion to the forming of a statistical questibiney report on the challenge for students

and teachers of taking a general question and transforming this into a question that can be
answered with data,e. a statistical question. Clearly they are discussing the investigative
guestion.However, later onn their discussion there is a slight confusion as to which of the

two purposes they are referring to, investigative or survey

Elementary school students can learn a lot about data as they grapple with issues that

arise in formulating statistical questmrespecially when they anticipate conducting

surveys with the questions they desiBg.thinking about how they would answer a

proposed question, students quickly discover not only the range of different responses

but also that multiple interpretationsafjuestion are possible and the wording of the

guestion mattersKpnold and Higgins2003,p. 195)
Thi s paragraph begins wi t h reference t o t !
statistical guestionso) but e(frsa nugpe toafl kd infg

responses but also multiple interpretations

Lehrer and Romber{l996 report extensively on students posing questions in a project on

data modelling.They reported thattgdents were involved in posing cti®ns about their

own lives, which involved brainstorming, categorising and clarifying questions for
investigation A number of steps were involved in creating these questions, which were used

as part of a surveylherefore the initial part of the projeist dealing withsurveyquestions.

Once the data were collectdte students were then asked to produce questions they could

ask of the data (thevestigativequestions)Lehrer and Romber(.996)identified a need for

teachers to scaffold the task byigg seed questions to help students pose questions for this
purposeThe students posed qu davduritemovie? Whoratthesa s : A W
more TV, boys or girls?Wh at 6 s favoeritesno Is jt eLehreP&ORorobeg, 1996, p.

81). By my definition these three questions all have different purpoBes.first question
(AWhat favauriteynown e?0) i S a survey question, th
more TV, boys or girls?o0) i's an i nvbessttilgeat i
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most favourites ubj ect ? 0) i's a qskeslduting the analysia stagewi@ u | d

answer an investigative question around favourite subjects.

My conjecture is that clarity around the purpose of posing questions may be one of the
reasons studs find difficulty with posing and understanding questions in statistical
investigatonsThi s di fficulty may also influence th
draw conclusionsThe next two sections specifically consider issues related to the two

different purposes, the investigative question and the survey question.

2.5.2.The investigative question

In the big picture of statistical enquiry tivevestigativequestion is the statistical question or

problem that needs answering or solving. In most insgatiee investigative question starts

from an Ainklingo and i s Thepmoedsog dedeloping bro a |
creating the investigative question is iterative and requires considerable work to get it right
(delMas, 2004Franklin et al., 208; Hancock et al., 1992Russell, 2006Wild & Pfannkuch,

1999. Ther e I S al so a need when devel oping t
understanding of the difference between a question that anticipates a deterministic answer

and a questionthataati pat es an answer (Haakiine&dGarbeld, 2008,t a t h &
p. 350.

Posing investigative questions has been identified as a problem area for stDdewnfsthe

identified problems for students in posing investigative questions is relatée tdea of

asking questions of the dat®&fannkuch and Horring2009 note that students lack
understanding of what a question @d include the idea that one can pose a problem by

asking questions of dath May be students haveandingofywhata f or me
questionisi how you can ask a (q(p. €G3} Lielmen and Romlergs et 0
(1996 also found that students initially had problems with asking questions ofidatda udent s
believed that questions c a(pr8@ Burges20@/snétedd of d
that students found posing investigative questions a problem but did not specify the particular

issue that arose.

Other issues related to investigatiquestions include teachers needing to model posing
investigative questiongnitially as seed or starter ideéBurgess, 2007Lehrer & Romberg,
1996 Pfannkuch & Horring, 2005Russell, 200§ but also to start students thinking about,
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for example fitypicalness and data as an aggregate rather than individual ¢Bsé&er &
Gravemeijer, 2004Konold & Higgins, 20022003.

2.5.3. The survey question

There are a number of research studies where the generation and/osusepfuestions
has been explore(Burgess, 20G7Hancock et al., 1992onold & Higgins, 2002 2003
Lehrer & Romberg, 1996Russell, 2006 Thesurveyquestion is used to collect data to use in
a statistical investigation. Formulating a gaadveyquestion is as important as formulating
a goodinvestigativequestion A goodsurveyquestio provides sensible and meaningful data
(e.g. Russell, 2006

Ru s s €006 @search primarily focuses on the survey quesiidgw can we formulate a

way of collecting data that furnish goodn f o r m@.t29. RusSeb found that students as
youngassecondr aders can define fAtheir questions i
survey and will provide i nfor maTfhe students, ney c a
her study, undstood that the survey question needed to provide them with sensible data and
needed to avoid multiple interpretations by the people who were surveyed. She did caution,
however, against the danger fithat a hecus o

focus on collecting meani9ngf ul data that are

Investigative and survey questions, therefore, serve quite different purposes and both have

their own challenges for teachers and students.

2.5.4.Interrogating the questions posed

In order to get precise investigative questions or survey questions that can be correctly
interpreted and that yield useful information,iarerrogativeprocess, which involves asking
guestions of the investigative and survey questions, is necg&agess, 2007 Graham,

2006 Hancock et al., 199Zonold & Higgins, 20022003 Russell, 2006Whittin, 2009.
Specific research, however, on how students develop the ability to interrogate data and the
enquiry process has not been conduclidee following povide examples of interrogating
investigative and survey questions that will be useful to consider when thinking about what

makes a good investigative question.

Russell(2006 mentions briefly a situation where the teachers she was working with wanted

to investigate the amount of reading that was done at home by students in theiridukasl.
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an example of developing thevestigativequestion.The article reports on, according to my
definition, some of thénterrogativequestions that were asked to help form the investigative
questonquesti ons such as: fAWhich students shoul ¢
they monitor readingWhat should they courit number of books or number of hours spent

r e a d iRumsgelralerred to this process as the teachers facing the same sorts of issues that a

statistician faces: AHow do you turn a quest
a question that ca(.1lB)dhens warc b&aeaersatiditosnt dvaat se ProH
much reading do students in our school do a

many hours of reading do firgtade and fifthgrade student do each day in a iweek

period, as reported on the recording sheet and signed by & paren

Burgesg2007) acknowledges that some of the specialised content knowledge a teacher needs
relates to their ability to be able to decide if a question posed by their students is suitable,
unsuitable, or whethahanges can be made to make the questidable.Such decisions are

equally applicable to the investigative and the survey quedternotesin particularthat

teachers need to ask whether the students will find the investigative question interesting.
Whether an investigative question is iet&ing or productive is another aspect of
interrogatingthe questionHancock et al(1992 al so noted dAthe col a ul
studentsédé strong i nt elmteissituatiomthetinhiestigative guestiane 6  ( |

or problem and howitwatket er mi ned | ed to the studentsd i

Graham(2006 provides five useful considerations for forming a good investigative question
These considerations pick up a number of different aspeatseofogatingthe investigative

guestion.The consideratias are whether the question is:

T actually a question, rather than simply an area for investigadoninvestigation
based on a question is more likely to draw on statistical and mathematical skills and
provide greater focus and clearer direction;

1 personally interesting to ydunot only will this bring greater motivation, but also
your commorsense knowledge about the context should help to ensure that the
investigation proceeds along sensible lines;

1 likely to draw on data that will be availablethin the time frame of the investigation
i for example, do not investigate the growth of flowers or plants during the winter
months;

1 specific, so that it is answerable from datguestions that are too vague and general
are harder to answer;
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1 measurablé think through in advance what you will measure and whether it will help
to answer the questio(p. 88)

Another approach to interrogation is thinking like a critic and developing a critical
perspective about statisticgvhittin (2006 gives a number of sggstions about how to
guestion the questio®ome of his suggestions relating to posing questions are givebiea
2-1. Using his critical orientation towards statisti®@ghittin reports on situations where both
the teacher and sittuidceanlt sc oanrseu naecrtsi nogf adsa tfacor (
of how each of these orientations look in a classroom seffimg.habits of a critic can be
applied to situations where the teacher and students are acting as data analysts and where they
are acting asata consumerslhereforethis critical perspective igseful when students are

interrogating the questions they have posed, both investigative and survey.

Table 2-1. A Critical Orientation towards Statistics

Dimension of

A Criticbs Important Questions for the Teacher to Ask
the Process

The Motive The intentions of the Why did you decide to gather data about this topic?

surveyor influence all . i "
aspects of the process. What did you hope to find out~

The Question The way a question is How did you ask your question?
posednfluences the kind . - ”
of responses received. Why did you ask it in that way*~
How might this language have influenced the responses

were received?

How else might the question have been worded?

The Categories | Data can be aggregated o] How were the categories decided on?

(could also be disaggregated to serve What happened to responses that did not fit into these

part of data) different purposes. categories?
What other categories could have been created?
The Definitions | Broador narrow How did you define this word?

definitions determine what|

gets counted Why did you define it this way rather than another way?

Note:Re p r i nt leedrning to dalk baik to a statisti®d DbWhittin, 2006 Thinking and Reasoning with
dataand chancep. 32 Copyright2006by theNational Council of Teachers of MathematiBeprinted with
permission.

Other aspec of interrogating the investigative questia deciding on the population of
interest (Konold & Higgins, 2003 Watson, 2008 and whether or notthe investigative
guestiorrelates tothe nature of the data to be explor€tis is dealt with in sectioB.7 (page
34).
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2.6. Question asking

The argument has been made that there are two purposes for questions related to the
investigativecycle i questios may be posed for investigation or suryehich has been
discussed in section 2.8nd asked for interrogation or analysishich is discussed in this
section. Question asking is a continual spontaneous interrogative praresdas two
purposes(1) analysisquestionsaaskabout the statistics, graphs and taldesrderto develop

a description of and an inference about what is noticed (the anabstR) interrogative
guestions are asked as checks within the cycle (the problemlathetlee data (given data

sets), the analysis, the conclusiowhile question asking was not a focus of this research,

clarifying what it is completes the argument about the two purposes for questions.

2.6.1.Analysis questions

As part of the statistical enquigycle, students, when doing the analysis, should be asking
guestions about their statistics, graphs and tallesearch in the area of what questions
students ask about their statistics, graphs and tables is lifDitedkels, 1991 The majority

of the esearch available focuses primarily on questions teachers ask students about their
statistics, graphs and tabléBriel, Curcio, & Bright, 2001 Graham, 200% but these
guestions give some insight as to posséialysisquestions students can ask themselves as

they describe their graphs, tables and statistics.

Graph comprehension, according to Friel et (2D0J), is more than just reading and
interpreting graphst also includes graph choice and construction or eveeniion. In their

discussion they interpret graph comprehension in terms of liteteanslation equates to
extracting data from a grapimterpretationequates to finding relationships and interpolating;

and extrapolating equates to analysing the relatships and extrapolating from the data.
Questioning is regarded as an important aspect of comprehension and Frie(2603).
suggest t hat Afteachers need to develop a f
qguestions to askSuch a framework for quesn-asking is relevant for considering
compr ehensi on o0ill30)dgrieaqt al.2001) lgsgifythredé Bvels of asking
guestionghatthey extacted from a review of researaiementary, intermediate and overall
guestionsThe three levelsafr aph compr ehensi on are al so re:
reading between the datFieleaad200l,aldi ng beyond
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Graham(2006 suggests some other questions that teachers can ask students tonhédp the

think more deeplyabout what a representation might rev8dlese questionthat teachers

can ask are given imable 22 an d have been cl as s i(20d)e d us i
classificationi elementary (E) or intermediate (I).

Table 2-2. Matching graphs to purpose

Representation Possible teacher questions
Bar chart or What is the largst/smallest bar (or sector)? E
pie chart

How do the bars (or sectors) compare? |
Taking all the sectors together, what does the complete pie represent? |

What is measured on tiertical scale of the bar chart? E

Box plot What is the largest/smallest value? E
How widely spread are the values? |
Are the values mostly bunched in the middle? |

Whatdoesii s box plotédés shape tell you? |

Table How do the rows compare? |
How do the olumns compare? |
What are the row and column totals? |

Would it be helpful to include percentages? |

Scatter plot Is there an underlying pattern to the points? |
Is the pattern a straighti (linear) or something else? |
Is the tend increasing adecreasing? |

How closely do the points lie to the line of fit and what does that tell you? |

Note: Reprinted fronDeveloping thinking in Statistidsy A. Graham 2006 p. 216 & 264 Copyright2006by

A. Graham Reprinted with permission.

| would arguethat these questions that are asked by the teadssr to be asked by the
students so that they progress from answering questions about graphs and other
representations to asking and answering their own quest@uestion asking is a critical
aspect of gaph comprehensioihe level of the asking (and answering) questions relates to a
level of comprehension and analydisstudents can ask (and answeggestionsthat read

betweenand bgondthe data then their level of statistical thinking and reasasihgh.

There is limited research available on students asking their own questions during empirical
enquiry. In particularDunkels(1991) reports on his work with primary students who posed
guestions of data displays. Initially the teacher was suggestenguestions that could be

asked and then the children were encouraged to ask questions theni$edvegsality of the
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guestions ranged from readitite datal A" Ar e t here any pupil)tse who
readi ng bey Whed the dhatestllabe 30 cn dver 1m, how much will the

tallest be over Im?)o(p. 134). Therefore, it would seem that it is possible, through
instruction, to instigate students to ask and answer their own questions of data displays.

2.6.2. Interrogative questions

The purpose of interrogative questions is to act as a check within the PPDAC enquiry cycle in
order to ensure that all available information is taken into account before proceeding to take

an action.

Interrogating thequestion posed

Thiswas discussed isection 2.5.4, pager2

Interrogating the plani primary data

Many of the issues around interrogating the plan are covered watinagating the survey
guestion.However, other data collection methods, defining the variabled the types of
measures to be useaso need to be considered at this poiRbr example, questioning
whether a sample was obtained by taking a random sample or whether the treatments were
randomly assigned within the experiment contésicheaffer, 2000 are aspects of

interrogating the plan.

Interrogating themetadatai primary and secondary data

In a situation whereby the data are givéor example, when working wit@ensusAtSchool

datar it is necessary to interrogatéhat is behindhe dataGraham(2006, delMas(2004),
Pfannkuch(2006, and Konold and Higgin@003 suggest that interrogating theetadata is
necessary to get a really good feel about where it came from, how it was produced and
recorded, what questions were asked to get the dathwao the data are about. Such
guestioning plays an important role in understanding the context and therefore the

investigative question.

A lack of background information about the data can be an ig3us.lack means that
speculation about rather thaxpéoration of themetadata happendVhenstarting to explore
data, particularly secondary datédackground information is necessary as the context is a

Afactor i n determining whether confounding
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whet her there are alter na(Pfawmikech e806,lpad2®Bot i ons
support studentso6é under st andeiMas{r009 argueshhat p r o c ¢
students should experience fireind data collection processes as theskp students to

become familiar with the different processésn a ddi t i o nthebeeexpsriangege st s,
should include the opportuni {dgiMas2004aps9d). why an

Interrogating the analysig primary and secondary data

The analysis phase of the enquiry cycle by its nature involves much question asking.
Questions such as those suggested by Friel €G@01) and Grahanf2006 are some of the

many analysisquestions that could be askdd.addition interrogativequestionsshould be

asked of the analysis, such as Al s (Mobre,s a | a
1990, p. 13%0or fAWhy did you decide to show your i
you have displayed your data? What information is concealeelvealed by representing it

in this way, for example, how does a pie chart differ from a bar graph in representing the

s ame d a(Whittins2606,D.B2

Interrogating the conclusiori primary and secondary data

Whittin (2006, f rom hispective, suggestsGhe follpwig questions as a starting

point for interrogating the conclusion.Wh at do t h e é dHaw ase youorésults h o w ?
different from your conclusionsMow did your attitudes about this topic influence the
decisions you made d{p.r3)Watson(BOD8srefenshtaoa déficuf r o c e s
guestion that was discussed by her studén/hi c h 06 gr o tapvé colectexl trteh e d a
f o r(® @0). This question is relevant to interrogating the concluysand in writing the

conclusion

Without a doubt, when interrogating the conclusion one question that should be asked is:
Does the conclusion answer the investigative questioridct the link to thenvestigative
guestion and the realorld context is paramourn all stages of the cyclédAs Konold and
Higgins (2002 said:

During all phases of data analysis it is critical that students not lose sight of the

guestions they are pursuing and of the realdvevents from which the data come.

These connections are easier to maintain when students work with data from familiar
contexts and usepresentations they understafm 195)
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2.7.Investigative questions and nature of data

The investigative questidmas a influenceon the nature of data to be collectespecially in
a primary data situatiorfhe nature of data collectddhs aninfluenceon the investigative
guestionwhen it is a secondary data situatidhe investigative question also defines the way
the data will be analysede. what statistics, graphs and tables will be used how they will

be interpreted

2.7.1.The nature of data

Defining the nature of data is fraught with problems due to different definitions and
classificationsData can also beeclassified and in the process change its natameguage is

also an issue, especially when particular words, such as relationship, have a specialist
meaning andalso a more general meaning in statistiesd this can be unhelpful when
learning conceptfor the first time Classifications with respect to the nature of data include
the termssuch as univariate, bivariateand multivariate; categorical, numeri¢aand
measurement; andiscrete and continuouSince the nature of the data and the investigativ
guestion are intimately linked, definitions and classifications of these t@mdiscussed.

The consequent impact these definitions have on the investigative question will then be
explicated.

A simple classification would start with defining discretel &ontinuous data. Discrete data

is Adata which can take only certain values
continuous data is fAdata which coul d, i n pri
given values.lt is usually data collecteb y measur ement s(Minissyaf h  as |
Education, 1992, pp. 21212). These definitions of discrete and continuous data are similar

to other references in New ZealandJnited Kingdom and Australia (Barton, 2006

Department of Education, 198&raham 2006 Lowe, 1991 Turner & Nightingale, 1997

McGillivray (2007 in Australia, however, splits variables into continuous and discrete and

then defines discrete variables as categorical and count data. Wild andZ8€em New

Zealand, on the otherahd, differentiate between quantitative variables (measurement and
counts), which are split into continuous and discrete data, and qualitative variables, which are
separated into categorical and ordinal detdhe United States, Franklin et 2005 refer to

categorical and numeric data, where data that arennorerical categories are positioned as
categorical data and situations where the data are found by measurements being taken or

objects counted are positioned as numerical dyadefinition he numeric counted data
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would appear to be the same as discrete data and numeric measured data would appear to be

the same as continuous data.

Anot her classification met hod fGaham@aga i s I
descri bes St efmeasusedentsealesdo n o my

1 A nominal (or naming) scale of measurement is used for named categories such as
race, national origin, gender, surname, and so on.

1 An ordinal (or ordered) scale of measurement involves data which can be ranked in
order (first,second, third, and so on), but for which the numbers cannot be used for
further calculation.

1 Aninterval scale of measurement is a rather subtle cohaaphbers are used for
measurement of the amount of something, but the scale is such that the zero is
arbitrary.

1 A ratio scale of measurement has all the properties of an interval scale but,
additionally, the operations of multiplication and division can be used meaningfully

(pp- 89)
Further reading of the definitions would suggest that some interadal seasurements could
also be classified as discrete data and some interval and all ratio scale measurements could be
classified as continuous datdominal and ordinal scale measurements are categorical data

and these tend to be treated the same waigaetk data.

Lehrer and Romber(l99g,wi t h t hei r wor k on,alsdiclagsiledend 6s da
defined data typed.he children, when given the opportunity to group the different types of
answers to their survey questions, sorted them int@aydsno (Boolean), numbers (integers

and real)and categoried.ehrer and Romberg introduced another type of anssteeng (for

examplea p er s o nThese awassiiicatjons of data types are linked abletop the

software package the children used &nalysis Again classifying these types into discrete

and continuous, it would seem that Boolean, categories and string are categorjcahdlata

the integer number is discrete while the real number is continuous. On reflection, it is
noticeable that #re is no common language across countries, authors and software when

classifying types of data.

Furthermore, data can be classified accordin
into three categories, depending on the number of variablelv@ain the information being

collectedi uni vari at e, b i v a (Department of &dudatiom 1986, p. )84 r i at €
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Traditionally statistics educatioiocused on working withunivariate or bivariate data sets
(Pfannkuch & Watson, 200Ridgway, McQsker, & Nicholson, 2005 More recently the

move has been towards using multivariate data(Béasinkuch & Horring, 20Q3Pfannkuch

& Watson, 2003 Ridgway et al., 2005 This allows the opportunity for exploration with
multiple variables(Ridgway etal., 2005 and students to be selecting variables from a
multivariate situatiorand posing questions about theBivariate situations occur when two
variables are involvedsuch as when data are paired for an individual and a relationship is
soughtor when comparisons are made between two variables such as gender and height.

Univariate data are singular and are usually summarised and described.

If discrete and continuouslata are taken as single or paired there are four distinct
combinations: single and di®te, single and continuous, paired and discrete, and paired and
continuous(Graham, 2006 Graham suggests that these distinctions are useful for students
when choosing appropriate graphs or statistical tools for their analyses as well as the type of
gusstion being investigatetHowever, by disregarding categorical variablas classification

is incomplete particularly when considering the type of data inherent in investigative

guestions that are posed.

2.7.2.Types of investigative questions

At the schoollevel there are three basic types of investigative questions that are posed:
ATypical questions that may inspire the need
is A?6 or 6ls A bigger than B (andGraham how m
2006, p. 4. These types ofnvestigativequestions are called summary, comparison and
relationship questions,respectively. Summaryinvestigative questiongre posed when a
description of the data is needed and are usually about a single datmspaison
investigative questionare posed for comparing two (or more) subsets of id&ia example,

male and female, young and dldacross a common variable such as reaction;tene

relationship investigative questioase posed for looking at the intelationship between two

paired variables(Graham, 2006 Pfannkuch & Horring, 2005 Table 2-3 (next page)

summarses the ideas discussed so far.
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Table 2-3. The link between the type ofinvestigative question and the nature of the dataschool level

Summary Comparison Relationship
Univariate Bivariate Bivariate
. . . Combination of any two, Paired Paired Paired
Categorical| Discrete| Continuous . - . .
not paired categorical | discrete | continuous

In a statistical investigationsing primary datahe type ofinvestigativequestion influences

the nature of the data collectdeiqure 2-6a). However, when a statistical investigation uses

secondary datathe nature of the data influences the typenekstigativequestion posed

(Figure 2-6b). Both the type ofnvestigativequestion posed and the nature of the data have

an impact on subsequent analysis, especially the types of graphs amndwthe statistics

calculated.

Survey
guestion

Investigative
guestion

Nature of
data

Type of
analysis

Figure 2-6. (a) Flow of influenceprimary data

Survey
guestion  \.......

Type of
analysis

Nature of
data

Investigative
question

(b) Flow of influence secondary data

Note Solid arrows indicates direct influencegttedarrows indicate possible influence

Pfannkuch and Horring2009, in their research on problematic areas in the statistics

curriculum reported on the overaltrsicture built during teaching (Figure72 next page

This included reference to the questions asked and how these were linkiéerémt graphs

and statistics
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STATISTIC DATA

QUESTIO% ASKED

Summarise Relationship Comparison
Histogram Scattergram Back S& L
Cont/measured Line of best fit Histogram
grouped Strength of relationship Box & whisker
GRAPHS Bar graph Discuss in context of Bar graph
discrete relationship
Stem & Leaf Median }
Mean Mean e
STATS Median LQ,UQ
Mode Range } spread
Range (Interquartile Range) IQRange

Conclusions: refer to graphs and statistics. Instructions for students: comment on the shape of graph, the
most common values, values of median and mean. Are they similar or different? Are they affected by
outliers? Use words like “tend to” for comparisons. Make sure you have answered the motivating
question.

Figure 2-7. Overall structure built during teaching

Note:Re p r i nt Bedelopingstatistifial thinking in a secondary school: A collaborative curriculum
development 6 MbRfannkuch and J. Horrin@005 Curricular development in statistics education:
International Association for Statistical Education 20R®dund Tablep. 210 Copyright2005by the
International Statistical Institut®eprinted with permission.

Graham(2006 also offers some advice asttee type of analysis that would be expected for

each of the types of investigatiohsummary, comparison and relationship.

Investigations of the describing type typically involve collecting a single data set and
summarising it in some way (in words, nuenb or graphically), in order to discover its
main featuresComparing investigations usually involve collecting two data sets of the
same type and then comparingrtheither graphically or by means of summary

statistics With an interrelating type of irestigation, learners are looking at the
relationship between two variables that measure different thiihgsdata are therefore
paired (and it follows that the two lists of numbers contain the same number of values).
Typically the analytical toolsequired fall into the general statistical areas of regression
and correlationKnowing the form of enquiry should help them to select suitable
analytical tools at thA [analysis]stage of their investigatiofpp. 223 224)

2.7.3.Summary i investigative questons and nature of data

| would conjecture that the complex classifications and use of laagetaged to the nature

of datg asraised in this section, leads to potential problems for both students and teachers
alike. Without a clear understanding of thmature of the variables, students can pose
unsuitableinvestigativequestions.With secondary datastudents shouldarefully unpack

what each variable is and how the data were colledieely should decelon the nature of
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the variable i.e. whether it iscategorical, discrete numeric or continuous numerfese
distinctions can help especially when it comes to relatiorsipip questionsHowever, it is

not uncommorfor students, teachers and even statisticians to ipesstigativequestions

such wendédr if reacti on t(Wide?2007)soriiseheraed t o
relationship between gender and height or ethnicity and heiytitile theseinvestigative
guestionsare valid questions andan beexplored, studentsmay think that these are
relaionshiptype investigativequestions (as they have the word relationship in them), when

in fact they are comparisegpe investigativequestionsThe idea of what a relationship is in

a statistical sense vgorth discussing with studenfBurgess, 2007

Posing summary, comparison and relationship questions rectirédents and teachers to

have a clear idea of what the variable(s) are that they are interested in, what they want to do
(summarise, compare, relgtand what the population of interest @nce these factors are
sorted out, decisions about the nature of data and analysis followtulbdentsshould have

some clarity about what will be involved given the investigative question that was posed.

2.8. Summary

The statistical enquiry cycle is a majpart of the statistics curriculum in New Zealand.
Posing questions from given data is a requirement in the asmssor qualificatios
(NCEA) in year 11 (ages 186). Posing investigative questions is at the heart of the

statistical enquiry cycle.

In this review | have argued that within the enquiry cycle there are two distinct purposes for
posing questionsand hence two types of questions that might be pdbednvestigative
guestion and theurvey question There are alstwo purposes for asking gstgons, and
hence two types of questions that might be askae@rrogative questions andanalysis
guestions There is limited research where the distinction between the two purposes for
posing questions is made clearly, the majority of this being reessarch from New
Zealand.While there is more research around survey questsunsey questions areot
always clearly defined as being something different from the statistical question

(investigative).

At the schooling levelhe investigative questiondmdly falls into one of three typesther it
can be a summary, comparison or relationship quesBanvey questions or other data

collection methods are used to collect the da@tee nature of the data can be qualitative

39



Chapter 2 Literature Review

(caegorcal or ordinal or quantitative(discreteor continuous Summary situations work

with univariate data, whereas comparison and relationship situations work primarily with
bivariate dataThe investigative question and the nature of the data have a direct bearing on
the type of analysis that is undertaken with the datee link between these two is clear and

the influence of one on the other varies depending on whetheary or secondary data is

used

All stages of the enquiry cycle need to be interrogated thorougidiuding a looking
forwards and backwards proce#d. the analysis stage there are questions that should be
asked to help describe and infer from the d#thile initially the teacher might drive the
guestion asking, ultimately students need to be askiagqtlestions themselves as they

undertake statistical investigatoasnd devel op their statistician

There are a number of research areas that the literature review has highlighted as being
shallow in their depth of coveragghese include the invegative question, interrogating the
enquiry cycle, students asking analysis questions, the link between the investigative question
and the analysisand the link between the investigative question and the conclusibe
literature review has also highlited that there is no consensus definitions and

classification®f the different types of data
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Chapter 3. Research Methods

3.1.Introduction

This chapter details the theoretical basis and research methods usedthiedisidt starts

with a theoretical discussionf dhe paradigms that underpin the research ahdhe
researcherods paradigmati c po Jdhistis followed byal ue s,
discussion orthe design research method, the data collectithods usedand the data
analysis.The chapterfinishes with short discussiasn on ethics, triangulation, validity and

reliability.

3.2. Theoretical discussion

The researcher brings to the stuwr values, beliefs and assumptipasd hese influence
and even drive decisions around research design and methodolbmgythis section
connectionsare made to the paradigm and theoretical basis sbhpportmy values, beliefs,

and assumptions.

3.2.1.Paradigms

A paradigm is éasic set of beliefs about the world, basedontological, epistemological
and methodological assumptiof@ohen & Manion, 1994Ernest, 1998Fontana & Frey,
1994 Guba & Lincoln, 1994 McNiff & Whitehead, 2006 Punch, 2009 Schram, 2003
Sikes, 2004Silverman, 200p Guba and Lincolrf1994) more brmally define a paradigm as:

A paradigm may be viewed as a set of basic beliefs (or metaphysics) that deals with
ultimates or first principledt represents a worldview that defines, for its holder, the
nature of the fAwor | ilandthdrénge of posdiblevrélationshipsdé s pl ac e
to that world and #parts, as, for example, cosmologies and theologieShanbeliefs
are basic in the sense that they must be accepted simply on faith (however well argued);
there is no way to establish thaltimate truthfulnesqp. 107
Ontological assumptions look avhat is the nature of realitgpistemologicalassumptions
align with what constitutek n o wl eHb gve d ofi we c omb et w{Sohkar,d o 0
2003, p. 2% and the relationship between eascher and those researcheand

methodological assumptions deal with appropriate methods for generating and analysing data
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(Ernest, 1998Guba & Lincoln, 1994Punch, 2009Schram, 2003Sikes, 2004 Silverman,
2000.

3.2.2.My paradigmatic position

Positioning oneself in relation to a paradigm is notearcut task as aspects of a number of
paradigms speak to underlying values, beliefs and assumghqgpestt it is about gut instinct

and placing a line in the sand and sayfing s t a Rrimaily efeekcontfortable with the

Ai nterpretative, nat ur al i Sikes,2Q04, p. Ddnd asditki v e, ¢
with constructivism. Interpretive researchthatwhich is based in natural settings where
researchers offer descriptionsdaexplanations of what they obserdée data tends to be
gualitative and there is a bantering back and forth often between the observed and the
researcher as the story is develoffddNiff & Whitehead, 200%.

Constructivismis based in locally construaderealities,i.e. participants construct their own
meanings through experiential and social interactiangaradigmwhich fundamentally
connects with my beliefs about teaching and learriingnakes sense that my set of beliefs
about research should haaealirect link to my beliefs about teaching and learniragn first
and foremost a teacher and this drives my reselirslould be fair to say that constructivism

has been a subtle influence in the nature and type of research undertaken.

Research is abogetting and communicating knowledge and using this knowledge to inform
practice, to inform policy, and to inform future developmeRtssearch has the potential to
improve things in some way and this is ultimately the ¢Siles, 2004

3.2.3.Values, beliefsand assumptions

Over the last 25 years working in educationy fundamental values and beliefs about
teaching and learning have been influenced heaadilgostfrom the beginningby the work

of the EQUALS group based in the Lawrence Hall of Science, hityeof Berkeley,
California (Afflack, 1982 Downie, Slesnick, & Stenmark, 198EQUALS & California
Mathematics Council, 1989 This group of women and men have worked endlessly to
address equity issues in science and mathemBtigsh of the work they &ive done has been
built around using cooperative learning, having students working in pairs and,gaodgke

use of handsn concrete materialS'hese foundational ideas influence any preparation of
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material for use with studenthis cooperative grougpproach has been shown as beneficial
for both Mbri and Pasifika studen{Sardiner & Parata, 2007

The idea of using concrete materials and building through to abstract ideas developed further
following exposure through involvement with the numeracgwlopment project in New
Zealandto work by Quinlan andhis colleagueqQuinlan, Low, Sawyer, & White, 199&t

the Audralian Catholic University andhe PirieKieran materialsmagingabstract model

(Pirie & Kieran, 1989Pirie & Kieran, 1994.

Morerece ent i nfl uenc e s(2008ES3Turmde| whichristbasgdrowm thedwsrk

of Bruner(1960. | was introduced to the Ei§ mo d e | at prédentation @& the n 6 s
2008 International Association for Statistical Education (IASE) raahéke. This pioved to

be an excellent model to use attivity design as it was cogaist of the big part that
technology (T) has to play in statistics educatitbralso includes an eactive process (E),
where studemstneed to be enacting the idease of iconic (l)representationffor example,

data cards represent pegpland symbolic (S) representations of ideasll of these
approaches and idehave had direct influence on the teaching and learning materials that

were developetbr the researchnd on the appach to the research itself.

3.3.Designresearch

Design research involvean intervention, researching the interventicand developing
theories based on findings from the intervention. Design research is iterative with subsequent
cycles building on previous cycleBesign research is suitable for theidy ofinnovative
practice related to posing investigative questidims section details what design research is,

and howits main phasebnk to the area of research for this thesis.

Design research is a common approach to statistics education regearkample, both
Bakker (20048 and Makar(2004 used design resedrenethods in their doctoral thesés.
New Zealand it has been used in theaching and Learning Research InitiativeLRT)
projectwhichis based in statistics educati(ffannkuch, Arnold, & Wild, 2011

3.3.1.What is designresearch?

Design researclor design experimentshas its foundations in design science (Brown, 1992)
and typically involves a planned intervention that develops ideas based on theoretically
grounded innovations to inform practigéhile simultaneously conducig research on the
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intervention (Brown, 1992 Cobb, 2000a 2000h Cobb, Confrey, diSessa, Lehrer, &
Schauble, 20Q3Kelly & Lesh, 2000. In particular, design research looks at the types of
learning that differ from common or current practice and explores new and novel practices
with the intent to change systems by being innovafBakker, 2004aCobb et al., 2003
Hjalmarson & Lesh, 20Q&chwartz et al., 2008

A design experiment is a form of interventionist research that creates and evaluates
novel conditions for learning-hedesired outcomes include new possibilities for
educational practice and new insights on the process of learning. Design experiments
differ from most educational research because they do not study what exists; they study
what could be(Schwartz et al., 2@) p. 47

Design researchinvolves the development of instructional materials to engineer learning,
developng theories based ostudyingthis learning, andefeding backnto the instructional
materials and the developing theories, thereby becoming aayplocesg¢Bakker, 2004a
Brown, 1992 Cobb, 2000a 2000h Cobb & Gravemeijer, 2008Gravemeijer, 1998
Hjalmarson & Lesh, 2008._esh & Kelly, 2000 Roth, 2005 Steffe & Thompson, 20Q00The
theoretical models grow out of a repeating empirical pro(®akker, 2004aBrown, 1992
Gravemeijer, 1998Roth, 200%, and most design research activities take place over an
extended period of tim@rown, 1992 Cobb, 2000aConfrey & Lachance, 200Qesh &
Kelly, 2000.

3.3.2.The phases oflesign research

Designr esearchods iterative or c Vhedeindudepan initae s s h e
preparation and design phase, followed by a teaching experithent,a retrospective

analysis phasgBakker, 2004a Cobb, 2000a Cobb & Gravemeijer, 2008Steffe &

Thompson, 2000van Nes & Doorman, 20)0The retrospective analysis phase often leads to

a new problematic situation which informs a new cycle of preparation and design, teaching

and retrospective analygisljalmarson & Lesh, 2008 These phases are interoacted with

and by the hypothetical learning traject¢sge next section)

Figure 3-1 (next page)shows diagrammatically how the phases, the problematic situation
and the hypothetical learning trajectory intertwine. The dasimemv of the hypothetical
learning trajectory is to indicate that it is not a direct linear pro&seh of these phases and

the hypothetical learning trajectory are now discussed.
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Teadhin®
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Figure 3-1. Design research phases intertwined with hypothetical learning trajectory

The hypothettal learning trajectory

The hypothetical learning trajectory (HLT) igiaest guessplan for teaching and learnini.
involves defining a learning goal, considering posslblningactivities and the types of
student thinking and understanding they Imigvoke, and the hypothetical learning process
(Simon, 199% The HLT systemises and extendéat goodteachers dowith the difference
beingthat within the design research context it is a deliberatearacteacher and researcher

are actively andonsciously planning, reflecting and recording these actions and thoughts.

The HLT is the connection between the instruction theory and tiheclass teaching
experimentlt is informed by general domaspecific and conjectured instruction theoriks.
guidesand supportshe design of instructional materials and is developed during the design
phase.The HLT actsas a guiden teaching, interviewing and observinig.also helps to
structurethe analysis anduides thedevelopnent ofan instruction theoryBakker, 2004a
Simon, 1995van Nes & Doorman, 2010

Simon (1995 placesthe HLT within the mathematics teaching cydtggure 3-2 (next page)
shows the relationshipsetweenthe various domains of teacher knowledge, the HLT and

student interactionand las been modi f imatdemdticserson(.il8)om 6 S

reflect this research which is statistics based.
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Teacher’s
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knowledge of
statistical
activitiesand
representations

Hypothetical learning
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Figure 3-2. Statistics teaching cycle
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1995,Journal for Research in Mathematics Education(226p. 137. Copyright 1995 by the National Council
of Teachers of Mathematics. Reprinted with pasian.

In its simplest form the HLT begins with defining the learning gddle teacher and

researcher

together

devel op Thisiniyaphgpbthesisis s

of

based on information from a wide range of sources and experidocesxample, current

student sbo

experiences

in a r el

at ed

ar ea, t

informationthathas come to light from preesting anddata and informatiofrom research

At this point the teacher and researcher are workiitly & best guess at how the learning

might proceed, thereby establishing an initial goal and plan for instruckarther

information becomes availabls ¢he research progresses and the initial hypothesis is able to

be improved.

Theteacher and researcher consider possible learning activities and the types of thinking and

learning these activities might provokiehe eacher and researchebypothess

of

student

statistics knowledge, their theories about statistics teaching amihgatheir knowledge of
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learning in the statistics contextand their knowledge of statistics activities and
representations all intersect and come into play when considering possible learning activities
(Simon, 199%. Additionally, other influencing fators in New Zealand educaticare for
example, Ka Hikitia (Ministry of Education, 2009aand the Pasifika Education Plan
(Ministry of Education, 2009h and the implications of thesicumentsn classes with high

MUbri and Pasifika student numbers (as is the case for both of the schools where the research
was basedBeliefs and interests also play a role in the development of learning actifoties
example,he r esearcher 6s bel i éAfflack, A8z Downeteeal..e s t ir
1981 EQUALS & California Mathematics Council, 198%ndthe use ofcooperative and
groupbased activitiesln additiont h e r e seswatienhitheariés contribute deciding

on and creating learning activitigsor example, when deloping activitiesghe PirieKieran
model(Pirie & Kieran, 1989Pirie & Kieran, 1994 from theNew Zealanchumeracy project
(Ministry of Education, 2005a2005H with its theory of materials, imaging, and
abstractingjeneralisingand the EIST model (Bruner, 1960 Martignon, 2008 with its en

active, iconic, symbolic, technologpmponentsvere consideredrhesehypotheses, theories

and knowledgeollectively underpinedthe decisions that were made about which activities

to use and which ones not to uas,well asvhat activities needed to be developed and what

they would look like.

The hypot heti cal l earning process i s A a p
undersandi ng wi | | evolve in the(Simonnd%, ptl3of t he
This is a best guess at what will happ&he hypothetical learning process is continually

modified as time progresses$his is a result of the teacher and researcherloevg a
broader understanding of studentsbé concepti
based on interactions with and observations of studdnts.e t eacher 6s and |

thinking is modified as they make sense of what is happening clatb&oom.

The working backwards and forwards between all parts of the HLT is criRedllection,

based on assessment of student s 0 -tuningohthkei n g,

HLT, the goal, the activities and the hypothetical learnmgg@sgSimon, 1995

Preparation and design phase

Each cycle in design research starts with an initial preparation and design phase in which
members of the research team work together to plan and prepare for the teaching experiment.
The HLT is developedral informs the design of instructional materid@skker, 2004a The
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initial preparation and design phase has elements of conjecture, invention, innovation,

bricolage and flexibility.

During the preparation and design phase the research team is clanftingtional goals,
considering the content area of the curriculum, what students need to cover, and the central
objectives and principles of statistics teachii@pbb & Gravemeijer, 20Q8Confrey &
Lachance, 20Q0Roth, 2005 Steffe & Thompson, 200MWittman, 1998 Conjectures begin

to emerge while considering these practical issues and the conjectures start to determine the
choice, sequence and duration of what is presented as well as the types of adtheses.
conjectures need to be situated witta theoretical context and should be aiming to shift
perspectivegCobb, 2000aConfrey & Lachance, 2000

Design research involves simultaneously designing new and innovative teaching and learning
materials and researching the impact of these mat€eFiagsidea of invention and innovation

is fundamental to design researttmovative ideas in substantial teaching units and novel
lessons need to be invented, but activities that are invented are done so because of their
potential towards the HLTBakker, 2004a Schwartz et al., 2008Vittman, 1998. This

process is iterative design, test, and redesidhis about reconceptualising ways to approach

the content and the pedagogy and it is about thought experiments, envisioning what the
teaching and learngn might look like (Confrey & Lachance, 2000Gravemeijer, 1998

Gr av e mé¢lbog @eadokbricolagdcollecting activities that could be useful, and using
what happens to be availapkdds to the broader mix of activities that have the potential to

contribute towards the end goal.

The HLT needs to be flexible and easily adapbedausetipotentially may need to be
adapted and changed at any time based on feedback and reflectiong students have
understood, attempted or interacted with an activity or sequence of activitesslan needs

to tread the fine line betwedravingsufficient detail and remaining flexib{&oth, 2005%.

Teachingexperiment

In theteaching experimemgthasée he t eacher and researcher tog
learning and reasoning in the classrodine teacher and researcher develop a unit of work
that is based on wh#tey thinkis thar best bet on possible outcomes for studerite HLT

is consiered at all stages of the procelSach lesson is reflected on and feeds into the next
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lesson.The desiredoutcome for the wider secténom design researals the development of

prototypical instructional materials that can be used by others in thesatumgs.

During the teaching experiment phase evidence is collected for retrospective afalgsis.
can include, but is not limited to, field observations, interviews; anel postests, and
student class worknterview questionsre motivated by theHLT and interview guidecan

be finetuned following initial analysis of student responses in, for example, theiapde
posttests Regular classrooms aréeally used and the researcher attends all lessons in the

teaching experiment.

Retrospectivanalysis

Retrospective analysis happens at two levels in design resédrele is theongoing
reflection and analysis that happens after each teaching episode and then there is the overall
reflection and analysis that happens at the end of the teachingneapehe ongoing
retrospective analysis informs the planning of the next instructional activity amotisated

by what is best for these stude(@®bb, 2000aRoth, 2003%.

The retrospective analysis that happens at the end of a teaching expeatilowst the
researcher to reflect on a number of froftsr exampleHow does what has happened relate

to conjectures made? How does what the students have actually learned compare with the
HLT? andDoes the evidence confirm expectatiofBakker, 2004aCobb, 2000aSchwartz

et al., 2008 As classroom events are located within the broader theoretical conéeztis

also a need to consider the followirg:what ways delassroom eventsxemplify the HLT

or conjecturesAre they generalisable? Repeat&blerustworthy?(Cobb, 2000aCobb &
Gravemeijer, 2008 The HLT and conjectures orientate and focus the retrospective analysis
and provide a basis for developing the instruction th@akker, 2004aCobb, 2000a

It is during the retrospective analysisat often new problematic situations aris€hese

highlight areas for further development.

Problematic situation

A problematic situation is the motivation for the research theddesign of prototypical
instructional materialsandit lies within the corgxt being investigate(Hjalmarson & Lesh,

2008. As the planning and preparation phase starts and flows through to the teaching
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experiment and retrospective analysisw problems can emergéhe cycle begins again

adapting as the new problematic sitaatis acknowledged and incorporated into the design.

3.3.3.Supporting methods

Grounded theory is theoryuilt based on iterative cycles of data collection and analysis.
Action researclbrings together the acting and the research@rgunded theory and action
research methodology provide structural support for the main research niettiesign

research.

Grounded theory

The area of interest for this thesis, posing statistical investigative questions, was shown
through an initial review of the literature to laeking any clear description or explanation.
There was no instructioor learning theoryfor posing statistical investigative questipns
hencethere was a need to develop an instruction or learning theory, from the groand up
systematically from dateotiected through a number of iteratiodg1 opportunity existed for
theory generation built out of cycles of data collection and andlysi®ther wordsatheory
generated from datndgrounded in the data.

Grounded theory is a research strategy wipospose is to generate theory from data.
fiGrounded means that the theory will be generated on the basis of data; the theory will
thereforebegrauded i n data. fATheoryd means that the
analysing the research data is to gendhagery to explain the dat&ihe essential idea
in grounded theory is that theory will be developed inductively from @Gataunded
theory, then, is an ovall strategy for doing researgPunch, 2009, p. 130
Grounded theory is an iterative process #tatts with research questions asdpena mind
as possibland through a series of data collection and data analysis cycles moves towards a
theory.Subsequent cycles are guided by emerging theories in the analysis and continue until
new data no longehsws new theoretical ideas instead the data confitheoriesalready
established through the resea(kleran, 1998 Punch, 2009Schram, 2003Smith & Davies,
201Q Strauss & Corbin, 1994Grounded theories are always traceable to the data that gave

rise to them and they are fluid and provisiof@thram, 2003Strauss & Corbin, 1994

Schram (2003 describes three key approaches to grounded theory ressgstbmatic,
emerging and constrticist. The systematic approach is more prescriptive with the coding of
categories and subcategories, and visual diagram development to present the theory being

central the emerging approach is more flexible and looks at connecting categories and the

50



Chapter 3 Research Methods

emepging theory whilethe constructi vi st approach pl aces

feelings, assumptions and nEe&Wning making of

Underpinning the grounded theory approach are three orienting cori&epram, 20083
Theorylooks at the relationships, plausible and provisional, that are suggested between and
within concepts and sets of concep@antinued research can strengthen suggested theories
and lead towards developing substantive theory that stays connected to th&hdata.
developing theory contains multiple conceptual relationshigst is conceptually densdn

the process of analysis and theory development the processnsfant comparisons
employed.Researchers are constantly challenging the data by askingsmpaing on here

and how is this similar or differef®&chram, 2003Strauss & Corbin, 1994

In a grounded theory approach deee systematically collected and analysed, with
subsequent cycles building on emerging theories from the analisis. processof
theoretical sampling continues until theoretical saturation is achié&sedubsequent cycles
confirm theories rather than further developing them, the process grinds to a natural
conclusion(Punch, 2009Schram, 2008

The guiding premises of grounded thearg, creating a conceptually dense theory based on
iterative cycles of data collection and analysis, with constant comparison, provide an
overarching construct to provi dieginaestigaivei s f o |
guestionsTime did not allowfor theoretical saturation iall the problemati@areagesearched

in this thesishowever, the guiding premises provide a research strategy base.

Action research

Action research is concerned with both action and research/evaluation, a process of trying out
something different (an intervention) and examining carefully what hap(®asister,
Burman, Parker, Taylor, & Tindall, 199€ohen & Manion, 1994Fernie & Smih, 201Q

McNiff & Whitehead, 2006 Punch, 2009 Action research is predominantly based around
people taking action to change something they are doing and concurrently researching or
evaluating the action and resuliernie & Smith, 2010McNiff & Whitehead, 200% Action
research can be used to improve practice, develop theoretical knowdadgdevelop new
methods of learnin¢Cohen & Manion, 1994

The action research cycleplan, act, observe and reflg@anister et al., 1994Fernie &
Smith, 2010 Kemmis & McTaggart, 20057 shows alignment with the design research
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processplani take stock and identify a concern or issue to addeess think of a way
forward to address and improve the situation and then try jtabservel use different
methods to collect data to show what is happening and to evaluate the success of the action
and eflecti evaluate and reflect on the evidence, the processes and the conseduences.
cycle then repeats itselh this way action research is a process aligmig design research.

The differencen design research is that the whole cycle sits within the HLT and is more
deliberately focused on designing new and innovative ways of teaching and learning that
show potential towards the HLT.

Action research typichl involves practitioners and researchers collaborating togefhes.

is usually referred to as participatory action resedFdrnie & Smith, 2010McNiff &

Whitehead, 2006Punch, 2009 Slavin, 2007. Regardless of whethehe action research

involves the teachelbeing the action researcher or the teacher and researcheking
together,one questionneeds addressing with carBiDes t he end justify
(Banister et al., 1994,.412). Ethically one needs to consider the consequences arisimg fro

the actions because it is difficult, having changed social practice, to réBanister et al.,

1994 Fernie & Smith, 2010

3.4. Data collection methods

Marshall and Rossma2006 and Punci{2009 describe four ways of collecting qualitative
data. Tkese are throughapticipant observation, direct observation, interviews and analysis of
documents. Quantitative data can be collected through experimentsegpasments and

correlational survey@unch, 200p

Research data in this thesis has been collected using multiple méfloodiey & Lachance,

200Q Silverman, 200p The main methods of data collection are questionnaire/survey (pre

and postests), observations (video, field notes, artefacts of student work), and interviews
(including reflective disgssions). These ffierent methods have generated both qualitative

and quantitative data. By definition, therefore, the data collection methodology can be
descr bed as mi x ed me t h oehpirical eesearehr tlcah involvwesh thec h [
collection and arlgsis of both qualitative and quantitative daRunch, 2009, p. 238

In addition, combining data collection methods allows for limitations in one method to be

offset by the strengths in another meth@darshall & Rossman, 2006 Combining
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guantitative and qualitative methods also allows for triangulation, the use of multiple
methods to study a problefRatton, 1990Punch, 2008

3.4.1.Pre- and posttests

Pre and postests allow esearchers to investigate the progress of participants in innovative
curriculum programmeddowever, they can also influence what is accomplished and are not

al ways able to reflect the projectbds desire
theseat the outsefLesh & Kelly, 2000. Ellerton and Clementd 997 reporedon externally

set pencHandpaper mathematics tests of the staswer variety and found that there was

as high as 3o00a¥ismatch lseimgviere boerext student test responseshe

written testcould correspond to incorrect reasoning in an intervi@wpartial or incorrect
responsesould correspondo correct reasoning in an interviewhey concluded thawhat

students know cannot be acately summarised from even an expertly constructed pencil

andpaper tesandsuggestdusingan interview as part of thaata analysiprocess.

Questionnaires provide further insight into pamd postests. Questionnaires are a widely
used procedure fadata collection and can be used to obtain information relatively quickly.
However, the design of a questionnaire is not as straightforward as might be tlamaght
relative care is needed to ensure that the questions are clear and unamthiguiaysutis
clear and allows for easy reading of the questisnfficient space is given to answer the
guestionsand the question order has been carefully consid@wigen, Morrison, & Manion,
2007 Cozby, 2009 Crano & Brewer, 2002Fowler & Cosenza, 2009Gay, Mills, &
Airasian, 20120pie, 2004.

Pre and postests can be used to compare groups of students usorgral groupmatched

to the experimental groufypically this type ofquasiexperiment desighas a praest for
both theexperimental group and the control group, some intervention for the experimental
group but not for the control groygollowed by aposttest for both group$Cohen et al.,
2007 Langbein & Felbinger, 2006Mark & Reichardt, 2009Slavin, 2007. In a quas
experiment the control group has not been selected by randomisation theteenquast
experiment’ like an experiment but the participants have not been randomly assigaed to
condition Quastexperimentaldesign also includethe one group preestposttest design
where there is not a control group. This type of gqeaperimental design suggests a number
of methodological concernf@Cohen et al., 20Q7Langbein & Felbinger, 2006Mark &
Reichardt, 2009 Marsden & Torgerson, 20i2Slavin, 2007; for example history,
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maturation, test effects, instrumentation, attrition and regression towards theSosenof
these concerndike history and maturatigrmay not be as big an issue in studies with short
time framegMark & Reichardt, 200Q

3.4.2.0Observaions

AObservation entails the systematic noting
(objects) i n the soci a(Marshadl & tRossntan, 2006 p. & f or
Observations in a social setting can be structured or unstructiredtured observations

tend to use checklists and observation schedules and generally generate quantitative data;
unstructured observations allow for a more holistic analysis, working towards a theoretical
saturationMarshall & Rossman, 200&unch, 2009Smith & BowersBrown, 2010).

The researcher takes on one of the following roles as an observer/participant when doing
observationscomplete observer, observer as participant, participant as obsargemplete
participant.The level of participatioinfluences the balance of objectivity and subjectivity in

the researchFor example for the observer as participant, the researcher interacts with
subjects by prompting for answers to issues, so interacting with subjects but not taking a
formal role in tle group.Similarly, for the participant as observer, the researcher engages

more in the dayo-day activity of the classroagnfor example, as a patime teache(Opie,

2004 Punch, 200Q Regardless of the level of participation versus observatiandifficult

to fiavoid having an effect dBanistehetal.,sl89,ipa | p h
36).

Field notes, videos and photographs are common data collection methods used in
observationgBanister et al., 19940pie, 2004 Roth, 2005%. It is easy to collect too much

data and care needs to be taken not to do fibisexample, by following one group rather
than trying to cover multiple groug€onfrey & Lachance, 20Q00Field notesin particulay

can be used to record thoughts and réfles and to track thinkingConfrey & Lachance,

200Q Roth, 2005 Smith & BowersBrown, 2010.

Observations suppl ement ot her met hods of da
and highly i niyacshatl &Rossmane2006,p.00%
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Advantages and disadvantages of observations

Advantages of observations include allowing for data to be collected in natural settings and
for complex interactions to be documented with contextual informa@dservationsare
alsogood for triangulation with othetata collection method®isadvantagesf observations
include difficulty in replicating, possibility of ethical dilemmaand the data being more

affected by researcher presef@rshall & Rossman, 2006

3.4.3.Interviews

We interview people to find out frothem those things lwch we cannot directly

observe(Patton, 1990, p. 278
Interviews work well in mixed methods resear@hey allow researchers to explore issues
that are too complex to do through quantitative means, and to investigate and prompt for
ideas and thoughts that cannot be observed through participant observetieynsan be
used for triangulation or in conjunction with other methddgerviews are a tool of great
flexibility and can easily be adapted to a wide range of research sitié@Banister et al.,
1994 Cohen & Manion, 1994Fontana & Frey, 1994Fontana & Frey, 20Q5Gay et al.,
2012 Punch, 2009 Wellington, 2000. Interviews can be used as a principal means of
gathering data, to test hypotheses or suggest new ones, andfyonoéamings.They are a
powerful and common way to understand fellow human beings, and they are an explanatory
device to help identify variables and relationships in research situgGaien & Manion,
1994 Fontana & Frey, 20Q5Valford, 2001 Wellington, 200Q. Those who caution about
the use of interviews as a single source of data, also recommend that data about the same
topic could be generated in a variety of ways supporting the mixed methods approach
(Walford, 200).

Interviews run the gamut fromompletely structured, where the specific words to say at

every step are given, through to completely unstructured, where a starter question or issue is
used and the interview meanders along foll o\
(Banister etl., 1994 Cohen & Manion, 1994Silverman, 2000Wellington, 2000. Different

authors classify interviews in different ways; for example, FongartbFrey (1994, 2005)

Opie (2004) and Punch(2009) classify interviews as structured, sestiuctured and
unstructured; Wellingtor(2000) as structured, unstructured and +standardised; Patton

(1990)as informal conversational, standardised epeded, and closed fixeésponse; and

Cohen & Manion(199%) as formal, less formal, completely informal, and {arective.
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Punch(200Quses two key <criteria when classifying

interview, and how ddpekb).t he interview tries

Punch(2009, p. 14buses the following continuum model for interviews:

Structurednterviews Focused or senstructured Unstructured interviews
interviews

< >

standardised interviews in-depth interviews in-depth interviews

survey interviews survey interviews clinical interviews

clinical history taking group interviews group interviews

oral or life history interviews

The next sections give an overview of the three broad categories of intefvemgtured,
semistructured and unstructurédusing Punch(2009, FontanaandFrey (1994 2009 and
Op i @4 classification.

Structured interviews

Structured formal interviews are not dissimilar to completing a questionnaire, with the major
difference being that the questions are asked of the participantttahdseing read by them

and the responses are noted by the interviewer rather than written by the part@pant
2004 Wellington, 2000. Structured interviews have pset questions, which typically have
pre-set responses or simple short answ@mhen & Manion, 1994Fontana & Frey, 1994
2005; Gay et al., 201,2Punch, 200® Structured interviews are one way to collect a lot of
data. There is an element of formality which leads to results often being used to make

generalisation§Opie, 2004.

Semtstructured interviews

The semstructured interview is less formal than the structured intendig&.a compromise
between the structured and unstructured intervig®ahen & Manion, 1994Wellington,
2000. When preparing for a serstructured interviewan interview guide or checklist is
created from which the interviewer is given flexibility over the range and order of the
qguestions within the framework givé@€ohen & Manion, 1994Davies, 2010 Opie, 2004
Smith & BowersBrown, 2010 Wellington, 2000. Advantages include longeesponses and
more latitude for responseBisadvantages include thegsibility of researcher bias and the
analysis is more compl€©Opie, 2004.
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As a basis for interviewing, the sestructured situation provides a reasondlilevith the
research that is the focus of this the3igio specific situations related to sestiuctured
interviews arenow discussed as they form the foundation of the types of interviews used in

the data collection phase.

Focused interviews Focusednterviews are wherprior analysis has been conducted before
the interview(Cohen & Manion, 1994Merton, Fiske, & Kendall, 1956/1990According to
Merton, Fiske and Kenda(ll956/1990, the focused interview differs from other types of
research intervies in the following respects: the participants have previously been involved
in a particular situation that is known to the interviewer; specific aspects of the situation have
been analysed by the researcher and hypotheads, ntheaspectsbeing ones vhich are
deemed significant; thanalysis provides the foundations for the interview guide, identifying
the most relevant areas of inquignd finally the interview is focused on the subjective
experiences of the participant who was involved in the particitaation, te par t i ci pan
responses enablirthe researcher to examine the strength or validity of her hypotheses and
lead the way to possible fresh hypotheg€ohen & Manion, 1994 Merton et al.,
1956/1990.

The feature that distinguishes focusetkimiews is that prior analysis of the situatidar (
example,pre- and postest) in which the students/participants have been involved has been
done by the researcher/interviewyf€ohen & Manion, 1994Merton et al., 1956/1990

Group interviews: A group interview is where the intewer works with several people
simultaneously, either in a formal or informal sett{fgntana & Frey, 20Q%Punch, 200¥

The group interview can be seen as a more secure environment, one where participants can be

at ease aongst theirpeers. n t hi s situation they can, prompt
and thisoftenleadsto richer and deeper discussiqMerton et al., 1956/199®unch, 2009

Wellington, 2000. The interviewer is more of a conductor or facilitator loé proceedings,
encouraging participation from all members of the grdRggardless of the perceived role,

the interviewer will be directing the interaction by supplying topics, questions or prompts
(Fontana & Frey, 1992005 Punch, 2009

Advantages ofgroup interviews include them being relatively inexpensive to conduct and
they provide rich datalhey can also be simulating and aid in re(@atintana & Frey, 1994,

2005. Disadvantages of group interviews includiee group culture interfarg with
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individual expressiona single persodominatng, or group dynamics not warlg (Fontana
& Frey, 1994 2005 Punch, 200%

Unstructured interviews

If the semistructured interview is less formal than the structured interview, then the
unstructured interview psupposes nothingJnstructured interviews develop and progress

foll owing the intervi ewEoatans & Fréyp20Q03pik, 200h ou g h't
Roth, 200%. Most likely the interviewer will have some topic areas and/or a list of issues to

be rai®d within the informal conversation that is the unstructured inter(Bamister et al.,

1994 Cohen & Manion, 1994Gay et al., 2012 The unstructured interview allows for a

greater breadth than other types of interview{Rgntana & Frey, 2005 This type of
interviewing requiresa high level of expertise, with some serious training in the art of

unstructured interviewsndis certainly not for novice@unch, 2009Wellington, 2000.

Interview as a conversation

The interview process is like a conversat It involves two or more people in an exchange

of ideas or views with the purpose of mutually creating a sfdrg.conversation is instigated

by the interviewer, with the purpose of obtaining information that is relevant to the research
at hand (Cohen & Manion, 1994 Fontana & Frey, 20Q5Wellington, 2000. It is a
Aconver sat i on(Banister bt ala 19p4up. Plekington, 2000, pp. 71, 101

one where normal structures of conversations are suspended.

Interview process

The process of thimterview has similarities across the different authdre underlying key
themes relate to the participants, the intervievechedule and actuahterview i and
recording(Banister et al., 1994€avies, 201pPunch, 2009Wellington, 2000.

Things to cosider around participants include deciding wdrad how manyto interview,
when andwhere the interview will take placeand how contacwill be madewith the
potential participantgBanister et al., 19947unch, 2009Wellington, 2000. Considerations
for the interview schedule includaow to translateresearch questions/objectives into
interview questions, how much structuvél the interview havethetypes of question® be
asked the order of the questions, andw to eliminate confusing, ambiguous onsensitive
guestiongBanister et al., 1994atton, 1990Wellington, 2000. Within the actual interview
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the following are consideredHow do we establish rapport or break the?ivéhy are we
doing the interview and why were they (the participaoho®r? How do we communicate

and listen within the interview&nd How do we close the interview, thank the participant,
round it u® (Banister et al., 1994Davies, 2010Fontana & Frey, 1994Fontana & Frey,
2005 Merton et al., 1956/199@Punch, 2009Wellington, 2000. Issues or considerations
around recording includéecidingthe type of recordingsuch asotes, tape record or video
record, seeking permission to record the interview, assuring anonymity, agreeing to
terminate the recording at any #mandinvolving the participantsn verifying the notes
(Banister et al., 1994Patton, 1990Punch, 2009Wellington, 2000.

Approach ofthe interviewer

For the interview process to be a successful data collection tteolapproach of the
interviewer is paramount The interviewefs attitude to participants is critical, and
interviewes needo convey to participastthrough their actions, thattipear t i cwiewsant s 0
are important and informativgéBanister et al., 19940pie, 2004 Wellington, 2000.
Interviewes needo be able to listen carefully and be skilful in the interview procEssy

need to be able to frame questions well, probe gently to seek further clarification or
elaboration of ideasand be adept at personal interactiofisey canput paticipant at ease,

through some previously established relationship, and will have chosentareatening

location for the interviewDavies, 2010Walford, 2001 Wellington, 2000.

Advantages and disadvantages of interviews

There are a number obvious advantages to using an interview in a research situkitiba.
interview is tape or video recordethen the natural language is preserved, both of the
participant and the interviewedduring the interview itselfthe interviewer can immediately
follow up responses and seek further clarificationaddition as the interview proceedhe
guestions can be tailordzhsed on participant responses to earlier questions or prbes.
wide range of issues can be covered and/or issues can bedtovagreater depth and there
are volumes of dat@Banister et al., 1994Valford, 2001 Wellington, 2000.

Disadvantages, limitations and weakness of interviews fall into a few categiss
around the participants, those around analysis and those anmoedgPParticipants may be
unwilling or uncomfortable with what the interviewer hopes they will share and therefore not

share this information, they may not be truthful, or they may only reveal what they want to
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reveal(Walford, 2001 Wellington, 2000. In addition participants can be subject to interview

fatigue if the schedule is unduly longhe analysis phase brings its own set of issues for
interviewst here can be simply too much data, or t
interpreted, and amipulated to produce méags t hat wer e no(Banidterr i gi ne
et al., 1994, p. 64 The interview process is prone to subjectivity and,l@ad poor data can

result if the interviewer prompts the interviewee or uses-ibaane, leading or loded
guestionsinterviewing caralsobe time consumin@Banister et al., 1994Cohen & Manion,

1994 Wellington, 2000.

Ethical issues in interviewing

Ethical issues in interviewing are best summed up by Fontana an(RB0sy,

Because the objects of inguin interviewing are humans, extreme care must be taken
to avoid any harm to therifiraditionally, ethical concerns have revolved around the
topics of informed consent (receiving consent by the respondent after having carefully
and truthfully informechim or her about the research), right to privacy (protecting the
identity of the respondent), and protection from harm (physical, emotional, or any other
kind). (p. 715
Fontana and Fre§2005 also point out other ethical considerations such as overttcosie
work and surreptitious use of tapecording devicesand the degree of involvement with the

group under study and how this involvement is used to gain access and information.

3.5. Data analysis

The process of bringing order, structure, and interpoetéad a mass of collected data is

messy, ambiguous, tirmnsuming, creative, and fascinatiitgdoes not proceed in a

linear fashion; it is not negtMarshall & Rossman, 2006, p. 154
The introductory quote above by Marshall and Ross(2806 in their section on generic
data analysis strategies sums up nicely the process of data anlgdise messy and often
ambiguous process that Marshall and Rossaianle to that ultimately realises a coherent
story that has been nurtured by the researchiee as she seeks clarity and meaning from his
or her dataData analysis includes organisation, description, analysis and interpretation of
data andas intimated by the introductory quptieese do not necessarily happen in a linear or
even logical fashiofMarshall & Rossman, 200&ilverman, 200p

The massive amount of data from interviews, observations and field notes is reduced by

looking for significant patterns in the dat&oding these and generating themes and
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categories helps to make meaning frbma data and ultimately concepts and ideas fall into
place (Marshall & Rossman, 2006ilverman, 2000 Smith & Davies, 2010van Nes &
Doorman, 201 Successive iterations allow for themes to be tested and réfhdzerman

& Miles, 1994. Strategiego reduce the datmclude groupingcommonanswergo questions

or commoninterview responses or working chronologically and telling a story from the
beginning to the end when working with observati@®atton, 1990 Findings are interpreted

for meaning this allows explanations to be given and conclusions dradongside this
process of interpretation sits reflection, the testing of ideas and looking for alternative
explanationgHuberman & Miles, 1994Marshall & Rossman, 200&ilverman, 2000Smith

& Davies, 2010

3.5.1.S0L0O taxonomy

The Structure of Observed Learning Outcomes (SOLO) taxor@&iggs & Collis, 1982
Hook & Mills, 2011, Uniservices asTTle team, 2Q08/atson, 2006Wikipedia, 2012 has
been used by a number of researchers in statistics edutatiading, andmost notably
Watson(Watson, 20052006 Watson & Moritz, 1999 The SOLO taxonomy has also been
used as a foundational model for describing the different levels of thinking in the
mathematics andstatistics achievement standardhe assessent tools for national
gualificationsin New Zealanyl Pragmatically, therefore, the SOLO taxonomy is a useful tool
to use in grading student responses in prel postests due to the major impact it has on
assessment in years 11B (@ges 1518, curricdum levels 68) which is where the
curriculum levelb (ages 1B815) material, the focus in this thesis, is heading.

The SOLO taxonomys hierarchicalhas five levelsand is based on the quality of a student
response to a task

Pre-structural iThe task is not attacked appropriately
understood the point and uses too simple a way of going about it.

Uni-structural i The studentesponse only foceson one relevant aspect. Presents
simple and obvious information.

Multi -structural 7 The studentesponse foceson several relevant aspects but they
are treated independently and additively. Uses two or more facts, which are not
necessarily related to each other.

Relational T The different aspects have become integratedaimmherent whole. This
level is what is normally meant by an adequate understanding of some topics.
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Extended abstracti The previous integrated whole may be conceptualised at a higher

level of abstraction and generalised to a new topic or area. Makestong@ot only

with given subject material but also beyond\iVikipedia, 2012
In the mathematics andasistics achievement standarohs New Zealandthe step up in
thinking within an achievement standaisl described in terms ddichieved achieved wit
merit, andachieved with excellendachieved, merit, excellencélhe link between thstep
ups inachievement standard thinking and the SOLO taxonomy is: at achistetknts
present unstructural or multstructural evidence (they are using simple and obvious
information and may use several relevant aspectgc¢laeved with meritstudents present
relational evidence (making connections among the pieces of informationyt actiievd
with excellencestudents present extended abstract evidence (conceptualised at a higher level
and nake connections beyond the given subject matefidbhiservices asTTle team, 2008
Wikipedia, 2012.

In terms of the statistics achievement standards &bksessment tools for national
gualifications in New Zealand), the descriptors for achieved, merit and excellence for
achievement standard AS91035 (the achievement standard for the curriculum on which this
thesis is based) are given in Figur8.3This isa good example of how the levels of thinking

are described in the statistics setting.

Achievement

Using the statistical enquiry cyclavolves using each component of the statistical enquiry cycle to
make comparisons.

Achievement with Merit
Using the stasitical enquiry cycle with justificatiomvolves linking aspects of the statistical enquiry

cycle to the context and the population and making supporting statements which refer to gvidence
such as summary statistics, data values, trends or featuresaifdisplays.

Achievement with Excellence
Using the statistical enquiry cycle with statistical insightolves integrating statistical and
contextual knowledge throughout the statistical enquiry cycle, and may involve reflecting pn the
process or considerg other explanations for the findings.

Figure 3-3. AS91035 Investigate a given multivariate data set using the statistical enquiry cycle

Note Retrieved fromhttp://www.nzga.govt.nz/ncea/assessment/view
detailed.do?standardNumber=91035
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Figure3-3 (previous pageghows thatvhile descriptors and levels from the SOL&onomy

are not explicitly usedthe descriptions for each of the three levels (achieved, merit,
excellence) connect the SOLO descriptions with aspects of the different types ofglandin

the interrogative cycle in Wildnd P f a n n k(19@9hf@ussdimensional frameworkThe

map between mathematics and the SOLO taxonomy is more straightforsesgdor
example  AS91031: Apply geometric reasoning in  solving  problems
(http://www.nzga.govt.nz /ncea/assessment/vietailed.do?standardNumber=9103For

the mathematics and statistics achievement standards with a statistics focus, relational
thinking is labelledwith justificationand extended abstract thinking is labelth statistical

insight

3.6. Ethics

The data collection period for this research was spread over five fathics approval was
sought and granted from the University of Auckland Human Participants Ethics Committee
three times to cover the entire perioddata collection. The first two years were covered by
ethics approval 2007/085 and involved the first two rounds of data collection é&@D7
2008) the next two years were covered by ethics approval 2009/042caededthe third

round of data collectior?2009) and tfe final year was covered by ethics approval 2011/258

and involved the fourth and final round of data collection (2011).

3.7.Triangulation

Triangulation is the use of more than one source of evidence to strengthen the validity of
results(Banisteret al., 1994 Cohen & Manion, 1994Gay et al., 2012Huberman & Miles,
1994 Patton, 1990Punch, 2009Schoenfeld, 20Q7Slavin, 2007.

By sef-consciously setting out to collect and doublteeck findings, using multiple
sources and modes of evidence, tesearcher will build the triangulation process into
ongoing data collectioffHuberman & Miles, 1994, p. 438

€ the use of multiple | ensdmssomerasdsithat same phen
means employing multiple methods to look at the same phema.Thus, observations,
guestionnaires, and interviews can all be used to challenge, confirm or expand the
information gathered from each oth@choenfeld, 2007, p. 87
Triangulation generally falls into four categories: data triangulatéorglyst/investigator
triangulation, method triangulation and theoretical triangulatidata triangulation could

involve using different data collection methods, getting perspectives from different people, or
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collecting data ovetime; analyst/investigatortriangulation involves the use of more than
one analyst or investigator to collect or provide viewpoints on the ehathod triangulation
involves using mixed methods to collect détehis could be a mix of quattive and
guantitative methodsand theaetical triangulation is less common and uses different
theoretical perspectives to look at the d@anister et al., 1994Cohen & Manion, 1994
Patton, 199

3.8. Validity and reliability

Unless you can show your audience the procedures you used to basyoit

methods were reliable and your conclusions valid, there is little point in aiming to

conclude a research dissertatif®ilverman, 2000, p. 175
Reliability in research centres around two key notions: (1) the degree of consistency in
categorisinginstances or events; and (2) the extent to which repeating the research would
elicit the same resultsSuggested processes include documenting the procedures used and
keeping an audit trail of interpretations and decisi@aister et al., 19945ay et al, 2012
Punch, 2009Silverman, 2000Slavin, 2007.

Validity is concerned with the truth in the clain&lverman(2000 suggests aiming for more
valid findings by considering the following ways of thinking critically as qualitative data is

analysed:
1 therefutability principleié qual i tative researchers seek
assumptions about their dmi78 in order to a

1 the constant comparative methaest emerging hypothesis from a small data set on a
bigger data set

1 conprehensive data treatmerall cases of data are treated in the data anafgsilsat all
pieces of the data have contributed to the generalisations

1 deviant case analysiactively seeking out and addressing deviant casakingstrong
connectios with comprehensive data treatment where all pieces of data are considered

1 using appropriate tabulationguantitative methods using reseadsrived categories can

afford access to data that has previously been lost in intensive qualitative research

64



Chapter 3 Research Methods

3.9. Summary

The research methods and procedures that have been used within this thesis have been
described from a theoretical point of view in this chap@hapter 41 The Teaching
Experimentsi details the participants, teaching and learning ¢yahel the dataollection

methods that were used in each of the four teaching experiments.
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Chapter 4. The Teaching Experiments

4.1. Introduction

This chapter details the methodology in practice: how the design research methodology was
enacted in this research; the data collection methods used aritidyowere usedwho the
participants were; and details of the teaching and learning programmes used in each of the

teaching experiments.
4.2.Designresearch

4.2.1.Preparation and design phase

Each d the four iterations of the research started with an initial planning and design phase in
which members of the research team worked together to plan and prepare for the teaching

experiment.

The research and development team ebbed and flowed with charigels is inevitable

when working with teachers’he first teaching experiment was part of a wiflerus on

specialised statistical content knowledge and had 15 members in the broader research group.
Of theseonly the classroom teacher and the reseanskes directly involved in the teaching
experimentThe broader research group were instrumental in the development of the teaching
and learning materials that were used in thelass teaching experimenthe second and

fourth teaching experimesitonsisted of a much smaller research team, primarily the teacher
and researcher, wi t h i np uThe thirddeachingrexperimens e ar ¢
was conducted simultaneously withime Teaching and Learning Research InitiatiVé&.RI)
projectiBui | di ng st udent sdatisticactrecullemevelsablandrgagass oni n g
13/ 16)0 (Pfannkuch et al., 20)1The broader research group for the TLRI project consisted

of two principal researchers (including the author of this thesis), two singcttatisticians

and seven teachers (including the teacher for teaching experign@mdz!). Collectively the

research group, including the teacher and researcher, form a pedagogical cor{@Gubbty

20003.

Regardless of the research group or classroemcher, the followingwo aspectswvere

fundamental in preparation for the teaching experim@nthe planning and development of
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the hypothetical learning trajectoryH(T) involved collaboration between the classroom
teacher and researcliethis meanplanning was a joint effort with the teacher and researcher
sharing responsibility for the development of resources and teaching activities for use in the
classroom and (2) the teacher and researcher had shared understandings about the process
and the end goal€obb, 2000aConfrey & Lachance, 200&teffe & Thompson, 2000

4.2.2.Teaching experiment

During the course of this research stuso different teachers, at two differesthools were

the collaborating teacherBoth teachers were working with year 10 studentsgadel5),

the first in a coeducational school, the second in a ssepeqirls only) school. Both
teachers were involved in two iterations of the teachingmixent. The first teacher was
involved in 2007 and 200&nd the second teacher in 2009 and 2(@b&causethe first
teacher left to work overséasrhe teaching experiment allowed the researcher to get first
hand experience of S ning.dTéen reseaichel waa prasenh i thea n d
classroom for every lesson of the teaching experirf@@abb, 2000aSteffe & Thompson,

2000. In the fourth teaching experiment the researcher taught five lessons due to the

collaborating teacher getting laryngitiscabeing unable to teach the class.

The teacher and researcher me t at theoend oé éathe c t a
teaching sessionThe length of tb discussiorwas dependent on time available and need

from the lesson of the dalfor the firstteaching experiment these sessions were videotaped,
whereas fothe second, third and fourth teaching experiments only brief notes were made.
These short daily debriefing sessions were an important part of the teaching experiment
(Cobb, 2000aRoth, 200% because thewllowed the teacher and researcher to develop a
consensual or shared interpretation of t he

classroom.

As a result of the reflections, changes and adaptations were made to the HLT, activities
updated orchanged, local learning goals refined, interpretations improved, conjectures
modified, and subsequent lessons revig€dbb, 2000a Confrey & Lachance, 2000
Gravemeijer, 1998Hjalmarson & Lesh, 20Q0&teffe & Thompson, 2000

Capturing these changes aadaptations is a key aspect of the design research process as
they are essential for careful retrospective analy3isanges need to be well reported and
these are detailed othapters 6, 7 and 8.
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In the context of this research the evidence e colected includedstudent class work
pre- and postests video recordings of lessenvideo recordings of student interviewsdeo
recordings of reflective discussions with the teachieieo recordings afhe focus group(see

next paragraphndfield notes.

The first teaching experiment captured, hgeo, the teacher when she was talking, various
student groups whethe teachewas not interacting with the clasand one group of students
for the entire timeln the second and third teaching experirsensimilar set up was used.
addition in the second and third teaching experimetiisge students were interviewed
before and after the teaching experiment based on theirapce postest responseéa
focused interview) The final teaching experimerbuilt on experiences of the first three
experimentsin an effort to get the best dathe video recording was made of the teacher
when she was talking, and thehone specific groupf six studentsAs well, this particular
group was closely observealy the researcher and she asked prompting questions (mini
interviews) to get the students to articulate their thinking or to clarify commentshéuke
made.These six students were interviewed in pairs before and after the teaching experiment

The interviavs werebased on their preand postest responses.

Table4-1 is a summary of the year, the number of students involved, the types of data that

were collectedand the number of lessons in each teaching experiment.

Table 4-1. Summary information from teaching experimentswith year 10 (ages 1415) classes

lzlu;?ra?srs?éﬁtui%eéggs Data collection types Number of
P g P lessons
Year of teaching experiment
26 (15) Classvideo recording, preand postests, field 10
2007 notes
25 (25) Class and interviewideo recording, preand post 10
2008 tests, student interviews following pr@nd post
tests, field notes
Class and interviewideo recording, preand post
24 (24) . . . 15
2009 tests, student interviews following pr@and post
tests, field notes
Class and interviewideo recording, preand post
29 (29) tests, student interviews following pr@nd post 16
2011 tests, mini group interviews, field notes, studer
work
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Observations

Field notes, videos and photographs are common data collection methods used in
observations(Banister et al., 19940pie, 2004 Roth, 200%, and in this research video
recordings were used as the main method of collecting observationalnitatly as much

activity as possible in the class was captured and it became clear that care needed to be taken
not to do this. The focus of the video recordings was refined over time to focus on the teacher
during whole class discussions and then ormugrduring class activity timéConfrey &
Lachance, 2000 Field notes were used to capture bigger ideas, reflections and to track
thinking (Confrey & Lachance, 200®Roth, 2005 Smith & BowersBrown, 2010.

The level of participation by the researcherluahces the balance of objectivity and
subjectivity in the research. The role that the researcher took in these sessioius thas
majority of the timesobserver as participgritowever, m five lessons in teaching experiment

4, the researcher was piaipant as observesinceshe was teaching the classcausehe

teacher was unwelln the case of observer as participant, the researcher interacted with
students by prompting for answers to issues and seeking deeper explanations of student
thinking, herce interacting with students but not taking a formal role in the gréuphe
participant as observer role, the researcher engaged more in th@dgyactivity of the
classrooni in this case, as the teacl{@pie, 2004 Punch, 2009

Pre- and posttests

Pre and postests were used in all four teaching experimehtese were adapted as the
problematic situation changed to reflect the changing focus of the res€éheckkhanges to

these are detailed shapters 6, 7 and 8 and the tests arkpgpendk B.

Interviews

In the data collection phase the students were interviewed following themmutepostest.

These interviews were seisiructured (sepage B), with an interview guide that allowed for
changes to the order and range of questions, aadadlbowed for additional prompts to be
added.What wasnotableabout these interviews was that
responses to the prand posttests.Merton, Fische and Kenddl1956/199(, and Cohen and
Manion (1994 describe the situation where prior analysis has been conducted before the

interview as a focused interview.
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During the fourth teaching experimeatgroup of six students was observed and videoed
during the class activity tim&/hen the teacher was teadiithe class it was possible for the
researcher to observe the group diredlyring these timesvhen need arose for clarification
or a deeper response the researcher conducted mini group inteffvevesna & Frey, 2005
Punch, 200% This action was ngpossibleduring the five lessonahen the researcher was
the teacher as the whole class needed tkea ¢ h e r / rattestiera motjustethre Secific

group of six students.

4.2.3.Retrospective analysis

The retrospective analysis across the teaching expasmerolved careful analysis of the
st ud e ndnd pbstgsts, elass interactions and interviews, looking for significant patterns
in the data through coding and generating the(Washall & Rossman, 200&ilverman,
200Q Smith & Davies, 2010van Nes & Doorman, 2010 As these patterns were identified
through one of the data collection methd@fis example, preand postesty, the other data

(for example, student interviews and class interactiowas crossreferenced thus
challenging and confirmig patterns in the da{®@choenfeld, 2007 Key teaching moments
were explored and student-gfass interactions and interview responses were analysed to

ascertain student understanding of underpinning statistical concepts.

The paterns in the dat&requently lel to the development of frameworks or categorisation of
ideasthatwere strongly grounded in the dgRunch, 2009Schram, 2003Strauss & Corbin,

1994). That is the frameworks and categorisations were developed using the dasdsand
tested against the data through subsequent teaching experiments or by exploring data from
different data collection method8anister et al., 1994Cohen & Manion, 1994Patton,

1990. Initial retrospective analysis at the end of each teaching experiraaided new
problematic situations and these motivated adaptations to the HLT and the design of new

instructional materialéHjalmarson & Lesh, 2008

The SOLO taxonomyBiggs & Collis, 1982 Hook & Mills, 2011 Uniservices asTTle team,

2008 Watson, 2006Wikipedia, 2012 was used pragmatically to grade student responses in
their pre and postests for posing investigative questions, making the call and describing
distributions. The use of the SOLQaxonomy across the different themes allowed for
consistacy of grading and aligned with the nature of the assessment in senior secondary

classesn the nationabualificatiors.
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The patrticipants and an outline of the teaching unit (HLT) for each teaching experiment are

now described.
4.3.Teaching experiment 1. Reognising theinitial problematic situation

4.3.1.Participants T Year 10 coeducationalclass

The first teaching experiment occurred in a stateducationaldecilefour, multicultural,
suburbanschool (In New Zealand a decile one school has students fronottest socie
economic level while a decile 10 school has students from the highesesoaiamic level)
Theteacher (T1, 2007) of a year tlass(ages 1415) and her students were involvethe
teacher was in her fifth year of teachifitnere were 26tudentg14 girls and 12 boysn the
class, of which 15 gave permission for data related to them to be used in thelrbmid
studentcomprisedengirls and five boysThe class had a mix of ethnicities including New
Zealand European, Bri, Pasifika, Indian and Chines&he students were in an average to

belowaverage streamed class.

4.3.2.Teaching and learning cycle

A tentlesson teaching unit was developed collaboratively by the researcher and the teacher to
follow the PPDAC cycleThe material in the sehing unit recognised that statistics was not
taught to anyof the year9 (ages 1814) students in the school in the previous yédre

teacher and researcher were involved in a reflection process after each lesson. This allowed
adjustments to the origih@lan as issues came to light and it seemed sensible to make the
changes immediatelylable 4-2 gives the teaching outline for teaching experimenthe

learning goals and instructional activities are given for each lesson.

Table 4-2. Lesson detail teaching experiment1

Lesson

Lesson content
number

Learningobjectivesfoals

1 Posefil wonder 0 stheadatarlassify assumraaby ocantpéson or relationship.
1 Begin to understand what is meantdbganingthe data

Learning activities

1 1 Use data cards created fr@@ensusAtSchoalata.

T Write and classify Al wonder o statement
1 Look for anything unusual or possible errors
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Lesson Lesson content
number
Learningobjectivesfoals
T Rewr i te their Al wonder @nsweredfsomihedam. t o al
1 Construct graphs using data cards.
T Answer their quest i oags(Shaghnesgy, 19%8kdstatistiear t e
2 values.
Learning activities
1 Review questions from previous lesson.
1 Select a question to investigate, saytihe data and making possible graphs using data car
T Use the st@adtteos dgénemdtie€eest atements abo
9 Introduce maximum, minimum, range, mode, median.
Learningobjectivesfoals
T Write a concl usi on u srelateghisfbdck tothetorigna guestian.a
1 Draw a dot plot.
3 1 Find statistical values such as maximum, minimum, range, median.
Learning activities
1 Create dot plots
T More work on fl noticeodo statements.
I  Writing a conclusion example.
Learningobjectivesgoals
1 Calculate summary statistics for box and whisker plots.
4 91 Draw box and whisker plots.
Learning activities
T Explore @Al wonder what the difference i
9 Use provided dot plots to create box plots.
Learningobjectivesgoals
I Write comparison questions
9 Draw dot plots.
5 1 Use box and whisker plots to compare.
1  Write a contusion from box and whisker plots.
Learning activities
1 Investigating comparison questiopfisor exampl e, Al wonder i
10 girls?o0
Learningobjectivesgoals
9 Draw dot plots and box and whisker plots
6 1 Write analysis and conclusion about the comparison situation being explored.
Learning activities
1 Pose aomparison question to compare our class to another year level.
I Use dot plots, box and whisker plots and draw conclusions relating back to the question
Learningobjectivesgoals
1 Write an analysis when given the dot plots and box plots
7 1 Write aconclusion from analysis and plots.
Learning activities
T Reflect on previous Al noticed statemen
1 Use the PPDAC cycle with a focus on analysis and conclusions.
Learningobjectivesgoals
1 Understand key concepts needed for conclusion
1 Understand th®PDAC cycle.
8 ) . .
1 Write an analysis and conclusion.
1 Calculate the mean for a given data set.
Learning activities
1 Writing frame using PPDAC cycle.
9 Learningobjectivesgoals
1 Undertake a statistical investigation using the PPDAC cycle
10 Learning activities

9 Speedsterbttp://new.censusatschool.org.nz/resource/speedster/
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4.3.3.Data collected

Each lesson was videotaped and transcribed at a lateAladtidents in the class were pre

and postested SeeAppendix B1 and B.Zor pre and postests for teaching experimeht
4.4. Teaching experiment 2: What makes a good investigative question?

4.4.1.Participants i Year 10 coeducationalclass

The second teaching experiment occurred in the same staducational decile four,
multicultural, suburbarschool as the first teaching experimeftie same teacher (T1, 2008)
and her current yedrO class(ages 1415) were involved.The teacher wathenin her sixth
year of teachingThere were 25 students in the class and all gave permissidatéorelated
to them to be used in the studyhe 25 studentsomprisedsixteengirls andnine boys.The
class had a mix of ethnicities including New Zealand Europddbri, Pasifika Indian and

ChineseThe students were in a tgream class doing year {dges 1516)work.

4.4.2.Teaching and learning cycle

The teaching unit from the previous year was updated and further developed collaboratively
by the researcher and the teacher, following the PPDAC ddmnl@dditional emphasis was

given to posing investigative questiof®llowing each lesson, the teacher and researcher
met and discussed the lesson, reflecting on specific elements of the liegssexample,
posinginvestigativequestionsln some instances changes were made to Hehiteg for the

next lesson as a result of the discussion in these reflective sesBengessons where
prototypical instructional material was developed or new lessons were created that supported
the new problematic situation are highlightedTiable 4-3 (next page) The learning goals

and instructional activities are given for each lessord for the highlighted lessons the
hypotheticalearning process is also given.
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Table 4-3. Lesson detai teaching experiment2

Lesson Lesson content
number

Learningobjectivesgoals

1 1 Familiarisation/review of PPDAC cycle.
1 Familiarisation with data cards.
1 Cleaning data.

2 i Posing investigative questions

T AGrowing scatterplotso

1 Noticing the relationship.

Learning ativities

1 Growing scatterplothttp://seniorsecondg.tki.org.nz/Mathematicand
statistics/Achievementbjectives/AOsby-level/AO-S6-1.

Hypothetical learning process

i Students notice the different variables on the data cards and use their knowledge of the
CensusAtSchodajuestionnaire and different body nseeements to ascertain what the

3 variables are; they recognise that the different coloured cards indicate gender.

I Studentswill use tape measures and common sense to check values they are suspicious
They discard data cards that have values they Hnakoo large or too small for a particular
variable, using the other measurement variable as a guide and also appreciating a sens
range for the particular variable.

I Students pose investigative questitimethave the variable, population and intelgar.

f Students fAgrowd scatter pl ot s atnhetaller students haive
longer arm spans.

Learningobjectivesgoals

4 1 Describing scatterplots

Learning activities

1 Set of eight provided scatterplots with data ahdrt background story.

I Descriptions include considering: middle group, spread, shape, cluster and unusual valy

Learningobjectivesgoals

I To critique and improve previously posed summary and comparison investigative questi

Learning activities

T Selection of questiesths posed in student

5 I Sort questions, critigue and improve using criteria for a good question.

Hypothetical learning process

I Students are able to differentiate between summary and comparison questions.

I Students are able toitique previously posed questions using the criteria given by the tea
they can identify whether the question is a summary or comparison quéstipiare able to
improve the question using the target population and variable.

Learningobjectivesgoals

6 1 Writing analysis and conclusions for summary and comparison questions.

Learning activities

1 Provided graphs for the questions chosen

I Analysis and conclusions written.

Learningobjectivesgoals

7 1 Posing and answering comparison questions.
Learningactivities
8 1 Sleeping sheepttp://seniorsecondary.tki.org.nz/Mathematéesl statistics/Achievement
objectives/AOshy-level/AO-S6-1.

Learningobjectivesgoals

9 T Using the PPDAC cycle to explore comparison questions.

1 Making a claim, answering tt@omparison question.

10 Learning activities

1 Data sets provided.
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4.4 .3.Data collected

Each lesson was videotaped and transcribed at a lateAladtidents in the class were pre
and postested.Three selfselectedstudents were interviewed following th@etest and
again following the postest. Interview prompts based on findings fraime previous year
(Arnold, 2008k were used in interviews following both the pamd postests.See Appendix

D for interview schedules.

Pre and postests were used toollect evidence about studsiinvestigative question
posingand other aspects of the statistical enquiry cygte Appendi B.3 and B.4for pre
and postests for teaching experiment

4.5.Teaching experiment 3. Answeing the investigative questiori making the

call

4.5.1.Participants - Year 10single-sex(girls only) class

Becausethe original teacher left New Zealand to teach overseas, a second teacher was
approached and the third teaching experiment occurred ircheols This school was a state
decile fve, multicultural,innercity g i r | s 6 The tedehero(T2, 2009) and her yd#r
class(ages 1415) were involved.The teacher was in her ninth year of teachirtgere were

24 students in the class and all gave permission for data related to thenugedbie the

study. The class had a mix of ethnicities including New Zealand Europébbr;j, Pasifika

and ChineseThe students were in a midel&ream class and of average ability.

4.5.2.Teaching and learning cycle

The teaching and learning cycle was develojpetheet the needs of the new school and to
work from the lessons learnt from the previous two teaching experinhemqarticular there

was a further focus on critiquing investigative questions as well as posing them, the idea of
sampling was introducedd, from this describing graphs and making the call in comparison
situations. The lessons where prototypical instructional material was developed or new
lessons were created that supported the new problematic situation are highlighted in
Table 4-4 (next page) The learning goals and instructional activities are given for each

lessonand for the lghlighted lessons theypotheticalearning process is algpven
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Table 4-4. Lesson detail teaching experimen3

Lesson
number

Lesson content

Plans forlessons 14 can be found ahttp://new.censusatschool.org.nz /resource/statistwaktigationspart 1-
introductionto-the-ppdaccyclel.

Learningobjectivesgoals
 Reflect on year 9 work arttie PPDAC ycle.

1 1 IntroduceCensusAtSchoalata set and set up the context
Learning activities
1 Exploring he PPDAC cycle using data cards.
Learningobjectivesgoals
 Posing investigative questions and lookingvhat makes a good investigative question
Learning activities
2 1 Sorting thenvestigative questions into different types and using this to inform a classificg
and elements of a good investigative question
Hypothetical learning process
I Students will identify some or all of the criteria for what makes a good investigative quesg
through their critique and classification of the investigative questions-(gaee 63).
Learring objectivesgoals
3 1 Describing summary graphs
Learningactivities
1 Using prepared writing frame to describe summary graphs
Learningobjectivesgoals
4 1 Describing comparative graphs.
Learning activites
1 Using prepared writing frame to describe comparative graphs.
Plans for lessonsi 10 can be found ahttp://new.censusatschool.org.nz/resource/statistiwaktigationgpart
2/.
Learningobjectivesgoals
1 Reuvisit posing investigative questions.
9 Identifying and clarifying the population.
5 1 Exploring sampling variability.
I What isa sampleand why sample?
Learning activities
1 Karekare College data set.
I What are typical popliteal lengths of students at Karekare College?
1 Make plots for differensamplesjook at what is different, what is the same across sample
Hypothetical learning process
I Students are ablte pose an investigative question abitt population oKarekare College
and critique their questions and improve as necessary
6 I Studentsidi scovero the need to use a sampl e
1 Students anticipate what the gragfipopliteal lengths will look like using any prior
knowledge they may have.
I Studentsstartto acknowledge that samples from the same population for the same varial
similar but have differenceand to articulate what these similarities and differences are.
Learningobjectivesgoals
1 Can a sample tell us something about the population?
7 91 Informal inferential reasoning
Learning ativities
f Noticing from their graphs and displ ays
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Lesson Lesson content
number
in the popul ationo
1 Exploring this also for both summary and comparative situations.
8 1 Hypothetical learning process
9 Students are prepared to make statements aboutheyathink the populatigis) might look
like based on the samples they have taken
I Students are making statements about whether they think one group thadstigger
valuess han another group fiback in the popu
Learningobjectivesgoals
9 i Introduction to middle group and spread.
1 Describing middlegroup position relative to one another.
1 Formalising box plots.
10 Learning activities
1 Exploring comparison investigative questions through identifying middle groups and mo
to using box plots
Plans for lessontli 15 can be found ahttp://new.censusatschool.org.nz/resource/statistivaltigationgpart
3/
Learningobjectivesgoals
 Using Fathon{Finzer, 2007 to draw dot plots and box plots
11 1 Describing sample data.
Learningactivities
1 Use boysgirls.ftm; juniorsenior.ftm; buswalk.ftm to explore dot plots and box plots, to get
summary tables and to describe the data
I Generate height and tevio-schoolgraphs r ecor di ng t he fAboxo
Learningobjectivesgoals
 Exploring thedirection and amount of shift of the middle 50% when comparing two group
1 Exploring the consistency across multiple samples of the same size from the same popy
T Initial exploration of fAmaking the call
Learningactivities
I Using prevwously prepard height and timeo-school graphs to look at patterns across samg
and between situations (height and time to school)
Hypothetical learning process
12 9 Students recognise the patterns in the height griagh#t is inconsistent, sometimes the
middle 50% &6 t he boysdé data is further to thgé
sometimes it is the other way around; the boxes overlap in all cases and sometimes this
compl ete overlap; someti mes the bod sme dn
height is higher; and the median heights are both within the overlap of the middle 50%.
I Students recogse the patterns in the tirte-school graph$ shift is consistent, the middle
50% of the bus travel time to school is always further to it than the middle 50% of walk
travel time to school; in most cases the boxes do not overlap, for some cases there is a
overlap of the boxes; median time to school for bus is always higher than the median timn
school walking; at least one of theedians is outside the overlap of the boxes.
Learningobjectivesgoals
f Reinforcing the fimaking the call d messa
1 Developing clarity around the message.
Learning activities
13 1 Hei ght s http:fmew.deresusatschool.org.nzfapntent/uploads/2012/11/heights_2sal
_dots_30.pdf
f Timeto-s c ho ol hitpWoewicemsusatschool.org.nzAepntent/uploads/2012/11
/times_2samp_dots_30.pdf
Hypothetical learning process
I Students are fluentinwhichi t uati on they are | ooking ¢
Learningobjectivesgoals
14 f Exploring other data sets to fimake the

1 Constructing conclusions for comparison situations.
Learning activities
1 Senior/junior bag weights; male/female incomes.
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Lesson Lesson content
number
Hypothetical learning process
T Students are able to fAnmake the call o fr
15 lessons

1 Students are able to write a conclusion that is consistent with the samples they have in g
to their comparativénvestigative question about the populations.

4.5.3.Data collected

Each lesson was videotaped and transcribed at a lateAtlatridents in the class were pre
and postested.Three students were interviewed following the-fg&t and again following
the posttest. These students werie the particular group that wasdeotaped Interview

prompts based on findings from previomg iterationswere used in interviews following

both the preand postests.See AppendiD for interview schedules.

Pre and posttests were used toollect evidence about studeditinderstanding of different
components of the statistical enquiry cycle, including posing investigative questions,
describing distributions, making a call in a comparison situaiod writing contusions

See Appendi B.5 and B.Gor pre and postests for teaching experimedit

4.6. Teaching experiment 4. Answering the investigative questioindescribing
distributions

4.6.1.Participants - Year 10girlsoclass

The fourthteaching experimerdccurred in the ane state, decile five, multicultural, inner

city g i rstheobaghe third teaching experimenthe same teacher (T2, 2011) and her year

10 class(ages 1415) were involved.The teacher wathenin her eleventh year of teaching.
There were9 students in the class and all gave permission for data related to them to be used
in the study.The class had a mix of ethnicities includiNgw Zealand Europeam Ubri,

Pasifikaand Chineselhe students were in a tgtream class and of abeagerage alty.

4.6.2.Teaching and learning cycle

The teaching and learning cycle was updated further in this final teaching experiment with a
deliberate focus on describing distributions, particularly shape and the language oThkkape.
lessons where prototypical insttional material was developed or new lessons were created

that supported the new problematic situation are highlightéthbie 4-5 (next page) The
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learning goals and instructional activities are given for each leasohfor the highlighted

lessons thhypotheticalearning process is also given.

Table 4-5. Lesson detail teaching experimend

Lesson Lesson content
number
Learningobjectivesgoals
1 1 Introduce/reflect on thEPDAC gcle.
1 Workingwithyear 10 girls data cards to mg
Learning activities
i Creating dot plotsising data cards.
Learningobjectivesgoals
1 Sketching the shape of the distribution for large samples
9 Identifying patterns in the distributional shapes.
Learning activities
1 Shape activity part 1 (adapted frdrtip://new.censusatschool.org.nz/resource
) /engagingwith-shapey.
Hypothetical learningrocess
f Students wil/l sketch Asmoot her o shaj

of the view of the original data

9 Students will group the shapes istabgroups and use their own language to desc
the shape.

1 Agreement will be reached across the class as to the number and description of
groups.

Learningobjectivesgoals

9 Predicting distributions for various variables and then matching thel gcaye to the
variable.

1 Firming up the description of shape for distributiamsoducing the statistical
language for shape.

1 Developing a description for a distribution.

Learning activities

I Shape activity part.2

Hypothetical learning process

3% I Studentsnake predictions for the different variables reflecting on the shapes tha
been identified in the previous lessdimey are using their language of shape to
describe the graph.

1 Students are able to match the variable to the graph using the predidrézay
made to confirm the matcBtudents are starting to develop a sense of what types
variables match with which shape.

i Students are able to describe the shape of a graph using statistical terms such ¢
symmetric, left and right skew, uniform, uniohed, and bimodal.

I Students are able to identify some features of a distribution with which to descri
graph of the distribution.

1 Students havédentifiedd variable, population, values and units as features of a
distribution description.

Learningobjectivesgoals

1 Developing a library of distributional shapes

9 Describing the distribution for summary situations.

Learning activities

4* f Mi xé6nbébmatch activity with 12 distri!

1 Using the situations from lessons 2 and 3 to write descriptiogistibutions.

Hypothetical learning process

I Students can sort the new graphs into one of the four main types (symmetric, ur
left skew, right skew) of distributional shapes

9 Students can write a description of a distribution and include at leage#iures of
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n"uerfft‘)zr: Lesson content
the graph.
f Studentsd descriptions include the
some are starting to include the population.
Learningobjectivesgoals
1 Posing investigative questions and lookingvaat makes a good investigative
5* guestion
Learning activities
1 Sorting the investigative questions into different types and using this to inform a
classification and elements of a good investigative question.
Learningobjectivesfoals
1 Identifying andclarifying the population.
1 Exploring sampling variability.
6* 1 Whatis and why sample?
Learning activities
1 Karekare College data set.
1 What are typical popliteal lengths of students at Karekare College?
1 Make plots for different samples; look at what is différevhat is the same across
samples.
Learningobjectivesfoals
1 Can a sample tell us something about the population?
7% 1 Informal inferential reasoning
Learning activities
1 Noticing from their graphs and displays and wondering about what might be
happeningiback in the populationo.
1 Exploring this also for both summary and comparative situations.
Learningobjectivesgoals
1 Introduction to middle group and spread.
8 1 Describing middlegroup position relative to one another.
1 Formalising box plots.
Learningactivities
1 Exploring comparison investigative questions through identifying middle groups
moving to using box plots.
Learningobjectivesgoals
9 1 Using FathomFKinzer, 2007 to draw dot plots and box plots.
1 Describing sample data.
Learning activities
1 Use boysgirls.ftm; juniorsenior.ftm; buswalk.ftm to explore dot plots and box plo
10 get summary tables and to describe the data.
1 Explore lag weights, time to school, heigimid print graphs
1 In addition forheight and timeo-school graphanake a seaw set of graphs
recording the Aboxdo only.
Learningobjectivesgoals
11 9 Critiquing investigative questions
Learning activities
I Questions posed worksheet.
Learningobjectivesgoals
12 T Dgscribing _sample data
Learning activities
1 Using Fathorrgenerated graphs (from less@10) to describe comparative
situations.
Learningobjectivesgoals
1 Exploring the direction and amount of shift of the middle 50% when comparing t
13 groups.
1 Exploring the consistency across multiple samples of the sez@dérom the same
populations.
T I'nitial exploration of Aimaking the
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Lesson Lesson content
number
Learning activities
1 Using prevously prepared height and tirt@-school graphs to look at patterns acrg
samples and between situations (height and time to school).
Learningobjectivesgoals
1 Reinforcing the fimaking the call 0 mg
14 . .
1 Developing clarity around the message.
Learning activities
1 Heightsand timeto-schoolii mo i. e
Learningobjectivesgoals
91 Clarificationofthedbcat i on of t het meddalnl d n fim
15 1 Exploring other data sets to make the call.

Learning activities

1 Making the call on various ratings about abjlitpmparing boys and girls
(CensusAtSchodlata set).

1 Male/female incomes.

Learningobjectivesgoals

1 Constructing conclusiorfer comparison situations

16 1 Using the whole PPDAC cycle.

Learning ativities

1 Iron levelshttp://new.censusatschool.org.nzAapntent/uploads/2012/11/IRGN
DATA-Worksheet.pdf

Note: * lessons that the researcher taught

4.6.3.Data collected

Each lesson wagdeotaped and transcribed at a later daliestudents in the class were pre

and postested.Six students in pairs,were interviewed following the priest and again
following the posttest. These students weli@ the particular group that wasdeotgped
during class sessionfnterview prompts based on findings from previdhsee teaching
experimentsand TLRI project findinggPfannkuch et al., 20)Ilwere used in interviews
following both the preand postests.Interviews also included two new agties for the
students to dosimilar to those in the preand postests with a view to seeing the students

A n actiono and c a pt u rattemgted tthe eactivitiesathen thani n g

retrospectively. See AppendiXxfor interview schedules.

Pre- and postests were used toollect evidence about studeditinderstanding of different
components of the statistical enquiry cycle, including posing investigative questions,
describing distributions, making a call in a comparison situaod writing conclusions

See Appendi B.7 and B.&or pre and postests for teaching experimeht

4.7.0verview of the four teaching experiments

Figure 4-1 (next page)collates the four teaching experiments along with the information

about the year, the school, tteacher, students and lessoimsaddition the main activities
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are captured underneathighlighting where each problematic situation was identjfaetd

where subsequent research was undertaken and continued.

2007 2008 2005 2011

Year 10 coeducational dass Year 10 coeducational dass Year 10 single-sex girls' dass Year 10 single-sex girls" dass
Teacher 1 Teather 1 Teacher 2 Teacher 2
15,26 permission to use data 2525 permission to use data 24424 permission to use data 20,20 permission to use data
10 lessons 10 lessons 15 lessons 16 lessons
[ Filot study — tescher content ]
pilot inowledge
study
- entification of
Posing raglamatic stestion
Investigative
Questions Ressarch into posing investigative guestions ]
entification of
Making the [ problematic sitwstion
call Reszardh into answering investigative questions — making the call ]
[ Mentification of
Describing problemtic sitestion
distributions I Resemrch into srcaering
investigatiee guestions — Sesoribing
L gistrinutions
Figure 4-1. Overview of the four teaching eperiments
4.8. Summary

Four different groups of year 1Qages 14i15) students and two classroom teachers
participated in the researdBach group brought different perspectives and knowledge to the
specific teaching experiment and the resulting analysis isctefé across the four teaching
experiments.Chapter 5 sets the scene by defining the initial problematic situatiuh

chapters 6, 7 and 8 complete the story from posing to answering investigative questions.
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Chapter 5. Recognising thdnitial Problematic Situation

5.1.Introduction

Chapter5 introduces the initial problematic situatidhat forms the foundation of this
doctoral thesisPosing questions was identified as a problematic situatwarts theend of

the first teaching experimerand this developed into the role of the investigative question
within the statistical enquiry cycle. The scene is set with a description of the original
exploratory study that was undertaken in the first year of relsegtudent preand postest
results are given and the realisation of the initial problematic situation is discEssat},
fledgling question categorisation ideas arising from the first teaching experiment are given

and a retrospective analysis afidgéntposed questions is undertaken and discussed.

5.2.Setting the scene

The first teaching experiment was set in the context of expl®pegialisedstatistical

content knowledge needed by teachers to meet the requirements of the statistical
investigationshread in the new curriculum at level(ages 1B15) (seeFigure2-1, pagell,

for achievement objectiveshe researcher worked with a group of secondary teachers
through a series of workshops to support this explorg#onold, 20083 Following the

teacher workshops, one teacher was observed as she put her statistical content knowledge into

effect in the classroom.

During the preparation and planning phase key statistical ideas were hypothesised based on
the curriculumA pre-test (seéAppendix B1) using this information was created and used to

find out the prior knowledgeof the stidents Three areas, related to two aspects of the
statistical enquiry cycle, were included in the-pest posing questions (problem), drawing

data displays (analysispnd writing descriptive statements (analysidhe teacher and
researcher had a detailed look at the student responses in {estpreo identify existing
knowledge and gap&rom thisanalysis, ehypothetical learning trajectory was created and
supportingteaching and learning activities were developed or soufeeddetails on the
teachingunit seeTable4-2, pagesr1-72.

At the end of the unit the students completed a-fs$tThis was modelled on the style of

the year 1) ages 1b516) nationalassessment, where students are required to pose a question
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for the given datathe teacher marks the questiorend then the students complete the
assessment with the question they posed treir question was unsuitableith a question
provided by theteacher.In this teaching experiment the students posed three comparison
guestions which the teacher checked overnighthe following lesson they completed the
investigation for one of their questions that had been identified as suitable by the. ©aeher
student was given a question to work with as all three of her questions were unstdable.
areas, related to three aspects of the statistical enquiry cycle, were included in-testpost
posing questions (problem), drawing data displays (arsJysriting descriptive statements

(analysis), and drawing conclusions (conclusion).

5.3. Student pre- and posttest analysis

Student preand posttests were markedceoss the three and four areesspectively Each
areawas marked out of a possible fiv@riteria were developed from the student responses
(see Appendix G)the grading criteridnierarchyreflecting what the students presented as

evidence across the two tests.

Table5-1 is a summary of student prand postiest grades for the three ardaguesion,

data display and datast&@iptioni that were common to both tests.

1 In the pretest the question grade is for theegtion (summary or comparison) ttedent
posed in order to undertake an investigation.
1 For the postest the question grade is the mean (0 d.p.) of the three comparison questions

thestudent posed in order to undertake an investigation.

Table 5-1. Student pre and posttest marks

Posttest grade
Question = Data displays = Datadescription =
of1l2]3]a[s]° Jol2]2]3[a]5|” Jol1]2]3][a]5] R
ofo|o(1|{2|1|0| 4fO0|(0|1(3|2|0]| 61|21 |/2|212|0|0]5
% 1§0/0/0|0(2|0} 2 JjO|/0|O|O|0O|O] OfO[O|O|2|1]|]0) 2
§ 2f0|0(2|0}|1(0|] 3 O(2|2/1|/1|0] 50|{0(0|2|0|0] 12
% 3jo|0(0|0{2|0} 2 fO0(0|0({0O|1|1] 2f2/0l1|2|1|0)5
al/4fl0/0|j0|0Oj2|0| 1 jO/O|O/O|O|/O|j OfO[O|O|O|O|O| O
50/(0(0|2|0|0O} 1 jO|O|O|O|O|O] OFO|O|O|O|O|O} O
Total 0| 0|3 |3|7|0| 130 |1(3|4(4|1)13§2|1|3|5|2|0]13
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Figure 5-1 shows the grade movement from pte posttest for the same three areas as

shown inTable5-1. There is strong evidence of movememvélue a 0.007, pairedt-tes)

frompretopostt est i n st ud e(Riguseblagviheas dverage mogemand of
1.5 points there is very strong evidence of movementglue a 0.00], pairedt-tes) from
pretopostt est i n st ud grade(figures i)twidh ad avergyénavensent of
1.8 points and here is weak evidence of movememvalued 0.094 pairedt-tes) from pre
to postt e st I n student s qFigdra5tlg witth ansaveragepntovemensof g r a d
0.8 points.These results suggest that through engagemehe classroom activities for the
unit, studentsdéd i mproved their knowledge in
4 — 4 4
34 — 34 —— 3 —
%) %) 2y
c [ c
% 2 % 24 % 2]
oy o o
o o o
"W . THH " N
2 0 1 2 3 4 40 1 2 3 4 310 1 2 3
(a) Change in grade score for (b) Change in grade score for (c) Change in grade score for
question data displays datadescriptions

Figure 5-1. Grade movement from pre to posttest

However, it is important to remember that the marking schedule was developed to look at
general movement rather than focus on particular statistical contéptsriteria were built

from student responses and therefore reflected the capacity of this group of students and the
current statistical knowledge imparted to studeRerformance achievement was not based

on predetermined criteria that students needed to acquire to understand thecatat
concepts or achieve a desired outcofffeat is the pre and postest were not designed in

this first teaching experiment to show student improvemend &pecific statistical concept;
rather, he pretest was to support the development of thedtlyetical learning trajectory and

to identify st udwhietthe postpst refleated thensobsdqeent glesigned
unit of work and also acknowledged requirementtheinational assessmemMiCEA level 1

achievement standands statistics

5.4. The problematic situation is realised

The teacher and the researcher together looked at the studetetspostith a focus on where

student performance was limited atmbethernoticed two different scenariohe first
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scenariowas that a number of th&tudents failed to complete the test despite being given
additional time, mostly stumbling at the gragitawing stageThe secongcenariovas that a

few students had graphs with very small sample sizes and this resulted in poor descriptions

and conclusios . The teacher and researcher togethei

to see if there were any patterns.

In the first scenario, where the students failed to complete the assessment, the common
element was that the students had chosen to expdaion time and had stumbled on
constructing the scale for the grapime problem with the scale was that most of the data was
between 0.3 seconds and 0.7 seconds but there was an outlier at 2.58 seconds and they were
trying to go up in 0.1 second inteig. Reflection at this point was to think about whether the

data needs to be cleaned to remove outliers as the assessment is not about graph construction
but more focused on the description of the data and the concl@ofurther reflection a
solutionto the problem was to use technology for graph construction. The road block to scale
creation could be avoided, as technology does this automatically, and the student would be

able to concentrate on describing the data.

In the second scenario some of #tedents had drawn their graphs correctly, but for one of

the groups they were comparing the group had very small sample sizes, five bmlassn
exploring these particular studentsod test s
The quesbns (Figure 5-2) the students had chosen to use for their investigation had been
marked as suitable by the teacher and the resedrablatso agreed that the question looked

suitable, but in fact the questions were not suitbdléhe data set supplied

s
COMP, §ON QUESTIONS P
I wonder i} [\QOAW?ZOV\S S\QQ‘{) {(}nu\Q\l ‘\f]ﬂ(\ ﬁ“ﬁ\@]} \/
- PR Fa / Y »
bz N Ay o/,\/\__ n/ﬁ Aa A "“\‘_/:(' 7’-'* /7/ NN 2 r,/ /s @
7’( N N T e~ e <Z'7->u_, % o / ,

~

I wonder )%’ Nz ’c’wof)-fw\ \J-(.dP!J- 4

r- '(faﬂ(/«’ ey 'a/“- DU"-L.(‘ cﬁ'w}cx‘(}s \/

Figure 5-2. Examples of studerdposed questions where the sample size was too small

The problem was that for theree comparison questionskigure5-2, the particular groups

chosen to comparie Other or Asian girl§ had five and two students ihd given data set
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respectivelyFor the data set given, these questions were in fact not suitable due to-sample
size issues and should never have been marked as suitable by the Tdasheais definitely

a case of a gap in teacher statistical conteot@dge.At this stage le initial problematic
situation was clarified and formulatetiVhat makes a good statistical question and what
statistical contenand conceptuaknowledge is needed to support students to successfully

pose statistical questions from given data sets?

Hence an extensive review of Whathneakes & goedr at ur
statistical questio?fd As was sown in the literature review lfager 2) very little research

had been done in the area of statistical questions=r om t he researcheros
issue and her consequent classification of the diffgparposes ofjuestiors, the problem

being dealt with would be categorised asipg investigative questions.

5.5. Retrospective analysis of investigative questions

With this new insightthe questionan the pre and postestand from the first two teaching
lessonswere re-analysed initially looking for patterns in studejpibsedquestions.What

became cleareasonably quickly wathata lot of the summary questiommosed asked ldw

many [of a particular categofy?ab i Wat was the most popufardn addition the grade
allocation descriptors for questions in the-paad postestd i dndt capture the
The researchemlong with her supervispset aboutlassifyng the investigativequestions

into categorieslooking at both summary and comparison questidhss classification will

now bediscussed

5.5.1.Classifying summaryinvestigative questions

As the summaryquestions were sortefive categories emergedhese included questions

such asi ldw manyé ? @ndfi Wat was the most popufampand alsoquestions that asked

who was the tallest/shortest, what was typiaatl others that could not be answengith the

datain hand.Additional categories developed as tiiddw manyé 6 questi ons cC o0l
about a particular categor What washtgpacape
could also reflect the populati for which conclusions could be drawhinally eight

categories were realised for summary questi@fsthese,seven were evident in the class
discourse and in the tesbsed questionavhile the eighth category was conjectured using

Gr a h 200 gdefinition. The summarnyguestion categories are givenkigure 5-3 (next

page) (Arnold, 2008h and beside each is an example of a studeséd question, the
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exception being categowhere there were no examples so a llypsised question is given

in italics.
Summary question category Student example
1. | Nonsense or not a summary question. Is the Asians circled above related?
Non 2. | A question that is partially related to the dal What region ighe most preferred to
summary but not answerable by the given data. live in?
questions | 3. | A question that asks about an individual ca: | wonder which person has the bigges
neck size?
4. | A question that asks how many of a particu | wonder how many people look up to
Pre category. their family.
5. | A question that asks how many within a | wonder how many Year 6 girls go to
summary o ) )
questions specified range. bed in between 8:3p.m. and 10p.m.
6. | A question that asks for the most popular o | wonder what is the most popular
most common. ethnicity.
7. | A question that asks about the overall What is the typical way students usual
distribution of the data or what is typical. travel to school?
Summary | 8. | A question that asks about the overall | wonder what a typical time a Year 1C
questions distribution of the data or what is typical ant student goes to bed.
reflects the population for which conclusion
can be drawn.

Figure 5-3. Summary question categories

These eight categories are hierarchical and naming them all as summary question categories
is actually misleading as not all of these types of questions would be considered summary
guestionslt was proposed at this stage that categdries3 were norRsummary questions,
categories 4to 6 were presummary questionsand only categorie§ and 8 would be

considered actual summary investigative questions.

At the school level the investigative questions ttatdlents are posing need to be clear in
terms of their purpose and intent as the novice statistician is unlikely to be able to infer about
a wide universe from poorly formed pummary questions, whereas an ekgéatistician

will be able to.

5.5.2.Classifying comparison investigative questions

The comparison questions sorted more easitp five broad categorie§ he categorieare

given inFigure5-4 (next page)Arnold, 2008h) and beside each is an example of a student
posed question, the exception being category 5b where there were no examples so a
hypothesised question is given italics. The five broad categories are hierarchical, but
category 4a and 4b are the same level as are 5a and 5b. There wascomgagson
guestion category, only questions that could not be answered due to sample size or at least

one of the variables not avdla in the data set.
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Comparison question category Student example
1. | Nonsense or not a comparison questir Is there more 15 year olds or more 14
year olds?
2. | A question that is partially related to tt | wonder if the students in Wellington
Not data, but not answerable the given take longer to get to school than studen
answerable data. in Auckland. (Region was not a variable
in the datasetbut time to school was
3. | A question that is related to the data t | wonder if Asian girls have a longer arn
not answerable due to sampiee span than Indian boys. (Two Asian girls
issues. and two Indian boys in the datet.)
4a. | A question that is answerable by the | wonder if boys are taller than girls.
data.
4b. | A question that is answerable by the | wonder whether people who have the
data and requires recategorisation of longest time travel get less sleep than
categories to be compared. those who travel for less time.
Sa. | A question that is answerable by the | wonder if Year 10 boys have a longer
Answerable data and reflects the population for arm span than Year 10 girls.
which conclusions can be drawn.
Sb. | A question that is answerable by the | wonder if Year 10 BwZealand
data and requires recategorisatisn European students are taller on average
categories to be compared and reflect than Year 10 students of other ethnicitie
the population for which conclusions
can be drawn.

Figure 5-4. Comparison question categories

5.5.3.Results from studentposed questions

Using these new classifications the students

Summary guestions

Of the 13 studentsvho sat the podest only 11 students had both a prand postest
classification for summary quésis the 11 s tane dumnmarised ifables2u | t s
(next page)In the pretest the studergrade is based oone questionwhile in the posttest

the grade is based timree questionsothe mean (0 d.p.) is given
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