Chapter Ten
A Re-Analysis of the Second Exploratory Study

The studentresponses tostatistically based information inthe second
exploratory studyare re-examinedising judgement criteria developddom

our statistical thinkingframework.The questions and studenésponses are
discussedjncluding their implicationdor teaching.The students’ current

and previous exposure the statistical discipline have not engendered or
embedded a depth and quality to their statistiziaking. It is conjectured

that students need some scaffolding, sucthagudgement criteria, iarder

to evaluate statistically based information, and need practise at reasoning with
dataand context.Our statistical thinkingframework is considered to be
useful for developing the judgement criteria.

10.1 Introduction

Whenstudentsare asked to interpret anglvaluate statisticallypased information it is not
clear tostatistics educators the type afiswersthat should beexpected (Friel etal.,
1997). This is borne out by Gal etl. (1995) whoseaper resulted from o hour
working group discussion ornhe assessment ofnterpretive skills. Much of the
discussion centred on the definition of interpretive skills, and thus is based on conjectures
of what skills they thoughstudentsmight needfor interpreting mediareports. They
proposedthe development of a “critical list” ofjuestionsthat students shouldnvoke
when evaluating information. The assessment of interpretive skillbredly addressed.
However it was noted that judgements of student responses would be subjectihat and
scoring rubrics would ba&eeded but'generic scoring rubrics cannot easilyprovide
information aboutwhat specific questions dhe “critical list” are not beinginvoked by
the student, and thus what needs to be emphasised in instrugti&®b).

Our proposed statistical framework was created from an ongoing analysis and
interpretation of dat&rom four exploratorystudies. It would be now useful teturn to
the second exploratory study aestieck whether the researéihdings could beused to
articulate the type of answer thabuld bedesirable from a studemthen presented with
statistically based information. Thushe framework will be used to explicate the
judgement criteria or “critical listhecessary for evaluatiofhe criteria will then be
employed to generatolutions to some dhe items presented in tisecond exploratory
study. These normativesolutionswill be put into a scoring rubric anthe statistical
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thinking of thestudentswill be re-examined. Thishouldlead to better detection of the
type of thinking that is being operationalised in the students tiesnare presented with
theitems. Thisexamination of thesecond exploratory studyems should also provide

some clearer guidelines for instruction.

10.2 The Interpretation of Statistically Based Information

Before determining théypes of questionshat should be asked ithe evaluation of
statisticalinformation, the purpose of suchnformation and the role of the student
reader/listener should be addressed in order to define the domain of the questions.

Purpose of a Statistically Based Report

There are many types of statistically based reports, from formal research reports to reports
for non-statistical clients, to media reports. Téxel of sophistication will depend on the
intended audience. Atatistically based media report is usually presented because
someone hagsoticed a pattern idata, or wishes ttpopularise” research resultsr the

general public. Hence the writer of the report is “selling” quurporting to the
readers/listenerghat they should take cognisance of theonclusion or inferred
conclusion.

Role of the Student Reader/Listener

When student readers/listeners are presenwtdd a statisticallybased report we want
them to be able to give a criticappraisal.They need to determinghat the report is
wanting them to believe, or trying to suggest to thafter considerations based dimeir
statistical and contextual knowledge, they must weigh up what they are willing to believe,
what else should be done, or what should be presenthdnoto convince therurther.

We, and perhaps other statistics educators, would like to enable the students valishake
judgements and be able to articulate the reasons for their judgement.

Relationship to the Statistical Thinking Framework Dimensions

When reading and attempting to understand a statisticatigd report, a summary of the
key points is a helpful start for clarification of the&inissuesthat are beingddressed in
the article. But a summary of the key points is insufficient if we want studentically
appraise theeport. Identification of thestages ofthe investigative cycladimension
(PPDAC) wouldfacilitate athorough andystematic evaluatiorOnce thestages of the
cycle have been identified, theach can be critiqueadith pertinentquestions addressed
at definitionissues,measuremenissues,design issuesnd communicatiomssues(see
Section 9.4 for trigger questions on measuremenburing the interpretation of
statistically based informationthe readers/listeners move into the interrogatyele
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dimension.Interrogative cycles are in activese (seeSection8.4.1) during evaluation.
For everyissue being appraised there fgst ‘seeking information’ fromthe article,
‘generating possibilities’ raised by the issue, ‘interpreting’ and ‘criticising and evaluating’
theissue inthe article. The lasitep isthe ‘judgement’ of thessue inthe article.While
each stage of the investigatiggcle dimension is being critiquedhe types-of-thinking
dimension is also operationalised. These appeé#neriist of questions below (Section
10.3) albeit under different nomenclatureThe statistical thinkingframework is a
generalisedstructure, andherefore the general principlesere used to address the
specialised task of interpretatiodfzor example ‘transnumerationappears in the
‘measurement’, ‘rethinkinghe analysis’ and ‘communication of dataategories. ‘My
own internal check’ is an example Gkasoning withstatistical models’ andtecalling
‘techniques’ while ‘seeking explanations’ is under ‘variation frocoatextperspective’,
‘causal validity’ and ‘externathecks’. The dispositions dimension which affectmtry
into a thinking mode has been discussed also in Section 8.4.1.

10.3 The Judgement Criteria

We present judgement criteria or a “critical list” in a form that could be used by students to
aid the articulation of theeasons fortheir judgement.Their reasoning coultbke into
account, for example, whethére postulated or inferredaim is more plausible than
other possibilities, or whetheghe reporthas demonstrated convincingly that there is a
pattern in thedata. In order tdbuild up investigativeskills in statisticsstudents, we
believe that it is important for them to go beydhd stage ojudgement. Theghould be

able to generate ide&sr whatthey would donext if they werehe investigator. This is
reflected in the criteria.

The decision as to whether the conclusion is valid means addressing the following main
guestions or issues:

Conclusion Validity
* Do the data and arguments address the problem?
* Is the claimed inference space valid?
» Was sampling variation properly taken into account?
» Were other important sources of variation properly taken into account?
* Are the arguments and recommendations logically consistent?

Underlying these main issues the following spedfiestions, based dhe investigative

cycle and thetypes of thinkingdimensions, should be considered to forudgement
about the presented information.
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Problem Validity
» What problems/questions are being addressed?
* Why are these questions being addressed?
* Are these questions valid and useful in the system under study?

Measurement Validity
» Have the "right things" beenmeasured in the "righivay"? (i.e. Do the

measureseally address the problemNleasuring thevrong things isfatal to
any argument!

Data Capture Validity
» Have the data actually been obtainedfrom the population/process the
conclusions have beeapplied to, or from somethingelse (e.g. non-
representative sub-population or different population)?
» Has a reasonable "sampling mechanism" been used?
* Is the non-response rate (or data-missingness rate) too high for the results to be
credible?
* How much variation is introduced by the measurement process?
 Have reliable data collection and management procedures been used?
These last three questions will depend on the type of report being evaludgegpuliar’
articlesyou may need tdrust the author. Nevertheless you shoudtll considersuch
questions and use any context knowledge you may have about the situation.

Analysis Validity
Basic
* Is the analysis appropriate for the types of measurements used?
* Is the analysis appropriate for the method of data-collection used?
* Is there any assurance that models used in the analysis actually fitted the data?
» Are the statistical models (graphs, statistical summaries etc.) approfoiatiee
data and problem?

My Own Internal Check
» What information can | comprehend/extract fromgtagisticalmodels (graphs,
statistical summatries etc)?
* Are there things that | know which allow me to do a quick plausibility check on
the informatione.g. Isthere a statisticaimodel orother modelthat | know
about which | can use to check this information?)

* Are there things that | know from acontext perspectivéhat contradictthis
information?
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Variation
from a statistical perspective
» Was sampling variation properly taken into account?
* Is this special cause or common cause variation?
 Are margins of error/confidence intervals givenrdicate levels ofuncertainty
in all the estimates quoted® not, can | construct thenmyself from the
information?)

from a context perspective
» Were other importandources ofvariation (known orpotential) relating tothis
information taken into account?

Rethinking the analysis
* Is there anotheway of looking athe datawhich mayreveal more about the
situation?

Causal Validity
(for evaluating causal conclusions drawn)
 Have all competing explanationghat seem plausible been taken into
account/investigated?
» Will the "cause" bauseful inpractice (is it somethingthat can be altered to
improve a situation), or is it at best a pointer to a deeper cause?
» Havethe judgementriteria (see epidemiologgriteria in Section9.3.3) been
taken into account?
* Is the proffered cause special to this population/environment or is it possible it
could apply more generally?

Communication of Data
* Is thereanythingabout theway the data arepresentedwhich is misleading?
(Note: a misleading graptdoes notimply that the claims orconclusions in the
report are incorrect, orthat the reader cannot compensatand reach correct
ones.)
* Have the data and findings been communicated in way that is readily
understandable?

External Checks
* Has the study and its conclusions been scrutinised by expéhnts field?(e.g.
published in a reputable research journal and have undergone peer review)
* Is the author a reputableesearcher inthe field?(Am | willing to accept the
authority of the source of this article?)
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» Are the sourcedor this report reputable?(e.g. Science versufkeader’s
Digest.)

* Are thereany hintsthat the ideasmay have been mistranslatécbm reputable
sources?(e.g. journalists writing from research articles thathey have not
properly understood.)

From these judgement criteria | generatpdssible solutions to six othe second
exploratory study itemsThese solutiongre formed into a simple three poistoring

rubric (see Appendix Five for solutions to the six questions). | subsequently assessed the
students’ responses in conjunction with my supervisor. The six students are referred to as
JOY, NORS,MORTA, EAGLE, ISA and TEP (theiown pseudonyms). Ndefinitive
conclusionscan be formedfrom the resultantdata, since the students’ responses
depended upotnterview technique and subjective marking or interpretationthefr
responses.Nevertheless some interesting patterns emerged whah cause some
reflection on the teaching of statistics.

The following should be noted about the scoring method:

1. In the criterion ‘variation from a context perspective’ a score of 1 is given if the student
produced only individual-based explanations or factors pertaining to an individual or
group of peopleWhereas a score of 2 is givdor also mentioning system
explanations or factors pertaining to the system under question.

2. Not all questions operationalisedthi criteriaand therefore theswiteria are left as a
blank in the presented data. The students TEP and N@®RSno datdor the fitness
newspaper question’ since TEP’s tape tangladng transcription antime ran out in
NORS'’s interview.

3. Apartfrom the conclusiorcriterion, a blank squanedicates unable to be ascertained
from the interview, a score of 0 means not observeabeent, a score ofifidicates
the studenhas someudimentary ideas in the particuleriterion, whilst a score of 2
indicates some ideaare presenthough theymay not be well articulated-or the
conclusion criterion, 0 means incorreminclusion, lindicates a partially correct
conclusion whereas ddicates a somewhat correminclusion, though perhaps not
fully articulated and ideas not fully formulated.

4. The criteriaguestionstend to overlap and couldossibly becollapsed into fewer
criteria but for thepurposes of this analysadl criteriaseemed to be needed to form a
full judgement on the data presented.

5. Theuse ofthese criteriajuestions to produce a scoring rubric forced me to think in
specificways, and thudacilitated a much deepanalysis than | had be@apable of
previously. Forexample in théprison newspaper question 4’ | had not considered
statistical variation in relation to the ratios before, nor was dware of the depth of
thinking that was able to be generated freuh asmall phrase (see Appendkive).
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The students’ responses were also usetha development of more aspects to the
solutions. There are aspects that will not be covered in the solutions but this would not
affect the scoring rubric used.

6. Thestudents did nobave the judgement criteri@gor hadthey been exposed to any
method for framing their responses for evaluation.

10.4 Analysis of Responses to Questions

From an analysis ofhe responses to six questions (d&gs. 10.1 - 10.6below and
tables of data in AppendiXive), some patterns emerged in regardhe ‘investigative
cycle’, ‘statistical variation’, ‘transnumeration’, ‘reasoning with models’, ‘seeking
explanations’ and ‘conclusions’.

MAP Question - Mean Score for Six
Students

Problem Validity
Measurement

Data Capture

My Own Check
Variation (Stat)
Variation (Cont)
Rethink Analysis

Causal Validity

Communicate Data

Conclusion

0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.1 Student Responses to Map Question
[Note: Difference in responses to statistical variation and context variation]

233



ERROR Rate Question - Mean Score for Six
Students

Problem Validity
Measurement
Data Capture

My Own Check
Variation (Stat)
Variation (Cont)
Rethink Analysis

Communicate Data

Conclusion

N

0 0.5 1 1.5

Mean Score out of Two

Figure 10.2 Student Responses to Error Rate Question
[Note: Same response to statistical variation and context variation when data presented in boxplots]

DIE Question - Mean Score for Six
Students

My Own Check
Variation (Stat)
Variation (Cont)

Conclusion

N

0 0.5 1 1.5

Mean Score out of Two

Figure 10.3 Student Responses to Die Question
[Note: Little response to statistical variation]
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PRISON Newspaper Questions 1 & 2 - Mean
Score for Six Students

Problem Validity
Measurement
Data Capture

Basic Analysis
My Own Check

Variation (Stat)

Variation (Cont)

Rethink Analysis

Causal Validity
Communicate Data
External Checks
Conclusion

o
N

0.5 1 1.5

Mean Score out of Two

Figure 10.4 Student Responses to Prison Newspaper Questions 1 & 2
[Note: Similar response to statistical variation and context variation déanpresented in differetime
intervals]

PRISON Newspaper Question 4 - Mean
Score for Six Students

Problem Validity
Measurement
Data Capture

Basic Analysis
My Own Check

Variation (Stat)

Variation (Cont)

Rethink Analysis

Causal Validity
Communicate Data
External Checks
Conclusion

o
N

0.5 1 1.5

Mean Score out of Two

Figure 10.5 Student Responses to Prison Newspaper Question 4
[Note: Difference in responses to statistical variation and context variation]
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FITNESS Newspaper Question - Mean
Score for Four Students

Problem Validity E ]
Measurement ]

Data Capture [ ]

Basic Analysis |
My Own Check [ !
Variation (Stat) [ l
Variation (Cont) E |
Rethink Analysis [
Causal Validity [ !
Communicate Data |

External Checks [0

Conclusion

!
0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.6 Student Responses to Fitness Newspaper Question
[Note: Extent to whicheachcriterion is stimulated in articlgndthe good coverage ofhe investigative
cycle]

The Investigative Cycle

The students’ responses the investigative cyclelimension appear to depend on the
information given in the question. Thesactto the information given in tharticle rather
than identify gaps in the information. They fail to construct, from their own knowledge of
the empirical enquiry process, concerns that should be raised. These concecas, ltleat
determined through a bringing together of their own knowledge and the information in the
article, are not easilproduced. Forexample in théfithness newspaper questiofFig.

10.6) the notion ofdata capture validity’ is triggered since thdicle statesthat data are
obtained fromtwo treadmill tests.‘Problem validity’ is only stimulated in this question
since the article portrays fithess as being desirable for them personally, amayhisve
engaged the students and tHmatiefs. However when a graph is presentedstudents’
attention appears to be on that rather than the text of the article. &rthrearate question’

(Fig. 10.2),the textstates thalata are gathereaver one monttyet no questions were
raised about ‘data capture validity’.

Statistical Variation

The ‘statistical variation’ type of thinking is triggered mainly in teor rate question’
(Fig. 10.2) and the ‘prison newspaper questions 1 & 2’ (Fig. 10.4). My conjectinat is
because théerror rate question’ is presented as boxplots it would éxgectedthat
studentswill notice the variation. The otherquestion presentthe data intext, with
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numbers and averages over differeme intervals, and thus studentstice the varying
numbers. It also seenemsierfor the students to conjure up a visyatture of variation
for a times series plot. This image is sequential points varying udama with atrend
line on a graph.

Transnumeration

‘Transnumeration’ is rarely stimulated in any of tiigestions:Communication of data’

is a common feature of statisticeurses as studerdse taughhow toconstruct graphs
and are presenteglith graphs and asked &malysewhy they aremisleading. However
when the data are in a text articlegddtes notoccur to most othe students tcstate that a
graph would behelpful for communication.Nor do they respond to a non-standard
graph, such as ithe ‘mapquestion’ (Fig. 10.1), that a more accurate presentation is
required. ‘Measurement validity’ and ‘rethinking thealysis’, or suggestingtherways

to look atthe data, are notcriteria upon which the students’ attention is generally
focussed.

Reasoning with Models

The criterion ‘myown internal check’ is triggered quitstrongly in all questions as
studentsinterpreted theclaims, or inferred claims, fronthe information. They could
presumably readily recall, read andderstand somamiliar basic statistical techniques
and terminologysuch as boxplotgatio andtossing a die. In two questionisey were
required to recognise the situation and apply a technique to fuithsgrstand the
situation. Inthe ‘mapquestion’(Fig. 10.1)most ofthe students successfully uséukir
general everyday context knowledge e New Zealand populatiordistribution to
interpret thedata. However irthe ‘prison newspaper questions 1 & 2’ (Fig. 10thgy
were unable taisetheir statisticaknowledge to recognise and apply a possitiésson
distribution to interpret the data (cf Scholz, 1987). The ‘basic analysis validity’ criterion is
stimulated in théprison newspaper question @&ig. 10.5) since a ratio is givemor a
namedgroup of people, and thubere is a reaction to the givemformation. In two
guestionsthe basic‘analysis validity criterion’ is not triggeredbecause, we believe,
students are required to produce a new perspective on the data. For ekansplelents
did not suggest that a rate might be a better methamalysis rather thanraw number
in the ‘prison newspaper questions 1 & 2’ (Fig. 10.4), nortlogy respond from a non-
critical or affirmativeperspective that the given rates in titeess newspaper question’
(Fig. 10.6) were appropriate, and tiia¢ raw numbers ireachfitness category could be
assumed to be different.

Seeking Explanations
‘Variation from a context perspective’ is triggerient every question suggestirtigat it is

naturalfor students to look for causesyen in the case dbssing a dieThe way the
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question is presented atige information contained in thguestion appear to have no
effect onthis criterion. Individual-based and system-based explanati@grompted,
although not consistently, in most questioms;ept theerror rate question’(Fig. 10.2).

This suggestghat thestudents perhapacked contexknowledge abouivork situations
andthat thetwo different types of explanatiorsre not part of theithinking. ‘Causal
validity’ and ‘external checks’ criteria are largely prompted by the context of the article. In
the ‘prison newspaper questions 1 & 2 & 4’ (Figs. 1@dd 10.5) and the‘fitness
newspaper questior(Fig. 10.6), the author or research organisationgisen, and
therefore it is nosurprisingthat thestudentseacted tesuch information. Irthe ‘fitness
newspaper question’ the fitness cause is the prominent message in the article and therefore
a student reaction igiggered. Forthe ‘prison newspaper questions 1 & Riere is a
prompt to proffer possibilities, or community “wisdom” for the causéehigh level of
suicides in prison, and thus there is a response from the students.

Correct Conclusion

Only in the‘fitness newspaper questio(Fig. 10.6) isthe conclusiomrmeanscore 1 or
partially correct.(All the other questions resulted in a conclusimoranscore below 1.)
This question has the greatest amount of information with regard to the invesigata/e
and thestudentsare familiar with the context. Thus, througheacting to the given
information, the students could produce a sounder conclusion.

10.5 Analysis of Individual Student Responses

In the analysis of individual studenesponses (se€ables10.1-10.6and Figs. 10.7-
10.12), asummary of theirmeanscores ineach criterion isgiven, to determine an
informal rank of a student’s thinking nmelation to the othestudents. It should beoted
that the rank igor the thinkingthatwasrevealed in theénterview, andthat the nature of
this study precludes anyormal statistical analysis. ‘Statistical variation’ and
‘transnumeration’ aralso considered fothe individualstudents, in ammattempt tofind
patterns in the data that had not emerged in the analysis of the questions.

JOY

JOY is a femalestudent, inthe 17-19 year agegroup. Her highest schoollevel
mathematicstudied was Form Mathematicswith Calculus’. She wagnrolled in the
Stage 1 statistics paper at e of her participation in thestudy (seeChapter 6 for
details of course covered).
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JOY has a mean score: 1 or greater for 3 criteria; between 0.5 and driteri&; between
0.1 and 0.5 for Zriteriaand no response for cxiterion (seeTable10.1 and Fig10.7).
These mean scores give JOY an informal rank of 2 (out of six people).

The ‘die question’ stimulated some ideas alstatistical variatiorfor JOY. This did not
occur in any of the other studergsponses. Heideas were based around long run
relative frequency random-devicgraphs. The ‘prison newspaper questions 1 & 2
produced some ideas about variation bagedndthe visualisation of dme seriesplot
from the text.

JOY is the second best student o ‘transnumeration’ type of thinkinghich arises in
the ‘measurement’, ‘rethinkinghe analysis’ and ‘communication of data’ criteria. She
always read everything imetaill and endeavoured to gain comprehension of the
information. She is the only student that seemed to be able to think ofatyethat the
data could be analysed from a population perspective.

Table 10.1 Question Data for JOY

JOY | Vaid [remen} Capt | Analy| Gheci] (Stat)| (Cont)| Analy| vaiid | Data| chec| conc
MAP | 0 [ 0]0 ol1]2]2|0]1 0
ERRR| 0| 0| O 2[1]1]0 0 0
PRSIl 0 o |0 |21 [1]|2]0o]1]1]2]0
PR&4 |0 |00 |2]1]0]1]0ofojo]O]1
FT Jo|2]1]of2]o|2]o|1]0]0]1
DIE 0[1]2 2
MEAN | 0 [0.4]0.2|1.3] 1 [0.7]1.7]|0.4]0.5]0.5]|0.7]0.7
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JOY - Mean Score for Six Questions

Problem Validity |
Measurement
Data Capture

Basic Analysis
My Own Check

Variation (Stat)

Variation (Cont)

Rethink Analysis

Causal Validity
Communicate Data
External Checks

Conclusion

0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.7 Criteria Responses for JOY
[Note the 3 criteria in which JOY scored 1 or more.]

NORS

NORS is amalestudent from an unskilled background,tlie 40+ year agegroup. His
highest schoolevel mathematicstudied was Form Blathematics. Havas enrolled in
the Stage 1 statistics paper at the time of his participation in the study.

NORS has aneanscore: 1 or greatefior 6 criteria; betweerD.5 and 1 for 4criteria;
between0.1 and0.5 for lcriterion and naesponse for Lriterion (se€lable10.2 and
Fig 10.8). These mean scores give NORS an informal rank of 1(out of six people).

The ‘prison newspaper questions 1 & &timulated some well formed ideas about
statisticalvariation, possibljpecause of the visualisation oftime series plot from the

text. What is surprising is that NORS believed the die was biased in the ‘die question’ and
gave no consideration to statistical variation.

NORS isthe best student fothe ‘transnumeration’ type of thinkinghich arises in the
‘measurement’, ‘rethinkinghe analysis’ and ‘communication of data’ criteria. He was
able to think of othewaysthat the data could beresented, analysed, measured or re-
stratified.
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Table 10.2 Question Data for NORS

NORS Ui [femeniCapt |analy |Chatk|(Stat) |(Con)|Analy [vaid- |ata. |heck|cond
MaP T 0 [0 [0 2]ol2]ofo]o 0
BR| 0 [2]0 21212 0 2
Prsi2[ 0 [o[o |21 [2]2]of1]2]1]1
PRs4 [0 Jo 1221 2] 2]o]Jo]>2
FIT

DE 1[o]o 0
MEAN | 0 [0.5[0.3] 2 [1.6]0.8[1.5] 1 | 1 [0.5]0.5] 1

NORS - Mean Score for Five Questions

Problem Validity |
Measurement
Data Capture

Basic Analysis
My Own Check

Variation (Stat)

Variation (Cont)

Rethink Analysis

Causal Validity
Communicate Data
External Checks

Conclusion

0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.8 Criteria Responses for NORS
[Note the 6 criteria in which NORS scored 1 or more.]

MORTA

MORTA is afemalestudent, inthe 17-19 year agegroup. Herhighest schoolevel
mathematicstudied was Form Mathematicswith Statistics’. She wasnrolled in the
Stage 1 statistics paper at the time of her participation in the study.

MORTA has ameanscore: 1 or greatdor 2 criteria; betweerD.5 and 1 for 2criteria;
between0.1 and0.5 for 5criteriaand no response in@iteria (seeTable10.3 and Fig

10.9). These mean scores give MORTA an informal rank of 4= (out of six people).

Only in two questions did MORTA respond with ideas about statistical variation but these
were the questions in which all teeudents recognised rudimentary variatibhere was
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no other indication that statistical variation is an inherent type of thiri&niger, and she

gave very limited responses in the ‘transnumeration’ criteria.

Table 10.3 Question Data for MORTA

MORTAUlid |remenjcapt_|analy |Check|(Stat) |(Cont)|Analy [Valid |Sata. |Check|Con
MaP [ 0 |0 |1 2|lo]2]o]o]o 1
=R|o[o0]o0 2|1]o]o 0 0
Prs12l g [1 o Jofof1|2[1]0o]ofo]oO
PR4 | 0 [0 [0 |0 ol2]of1]ofo]1
AT [2]o]Jofol1]of1lo]2]0o]o]1
DE 2 o1 0
MEAN [0.4]0.2]0.2] 0 |1.4]0.3[1.3]0.2[0.8] 0 | 0 [0.5

Problem Validity
Measurement
Data Capture

Basic Analysis

Variation (Stat)
Variation (Cont)
Rethink Analysis
Causal Validity
Communicate Data
External Checks

Conclusion

My Own Check

MORTA - Mean

Score for Six Questions

0

0.5

1

Mean Score out of Two

1.5 2

Figure 10.9 Criteria Responses for MORTA
[Note the 2 criteria in which MORTA scored 1 or more.]

EAGLE

EAGLE is a malestudent from a professionstiencebackground, irthe 40+ year age
group. His highest level of statistics studied was Stage 2.

EAGLE has ameanscore: 1 or greatefior 2 criteria; betweerD.5 and 1 for 4criteria;
between 0.1 and 0.5 forQiteriaand no response for atiteria (seeTable 10.4 and Fig
10.10). These mean scores give EAGLE an informal rank of 3 (out of six people).
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The ‘prison newspaper questions 1 & &timulated some well formed ideas about
statisticalvariation, possibljbecause of the visualisation oftime series plot from the
text. He isthe only student to score &ast 1 in thiscriterion. What issurprising isthat
EAGLE believed the dievas biased in the ‘diquestion’,gave individual and system
‘context explanations for the variation’ and gave no consideration to ‘statistication’.
None of the criteria for ‘transnumeration’ are triggered for EAGLE.

Table 10.4 Question Data for EAGLE

EAGLE | Ui [remen| Capt | Analy| Gheck (tat)| (Con| Analy| Vaii| Data| check concl
MaP [0 o] 2 1]l1f2]o]o]o 1
=R|o[o0]o0 2|1]1]o0 0 0
Prs12| g o oo f1|2]1]ofl1]ofo]1
PrRs4 [0 0] 00O 1]1]ofofof1]o
AT [2]of2]ofoa]2]of2]0fo]1
DE olo]2 0
MEAN [0.4] 0 [0.8] 0 |0.8] 1 [1.5] 0 [0.8] 0 [0.3]0.5

EAGLE - Mean Score for Six Questions

Problem Validity [

Measurement

Data Capture [ ]

Basic Analysis |
My Own Check ]

Variation (Stat) : ]

Variation (Cont) [ ]

Rethink Analysis 1

Causal Validity [ ]

Communicate Data |

External Checks ]

Conclusion [

0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.10 Criteria Responses for EAGLE
[Note the 2 criteria in which EAGLE scored 1 or more.]

ISA

ISA is a male student from a semi-skilledckground, irthe 20-24 year agegroup. His
highest schoolevel mathematicstudied was Form Blathematics. Havas enrolled in
the Stage 1 statistics paper at the time of his participation in the study.
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ISA has a mean score: 1 or greater for 2 criteria; between 0.5 and tritarid; between
0.1 andO0.5 for 4criteriaand no response inctiteria (seeTable10.5 and Fig10.11).
These mean scores give ISA an informal rank of 4= (out of six people).

The ‘prison newspaper questions 1 & 2’ did not stimulate ideas atadisticalvariation.
However inthe ‘fithess newspaper question’ lgave agood description oftatistical
variation. His visualisation and explanation was fdine series plot inthe same manner
as NORS and EAGLE. Only one criterion of ‘transnumeration’ is triggered iraicke
for ISA.

Table 10.5 Question Data for ISA

ISA Prob [Measy Data| Basic| Own |Variat|Variat|Rethn{ Causa Comm| Ext | Corr
Valid [remeni Capt | Analy| Check (Stat)| (Cont)] Analy| Valid | Data|Check| Concl
MAP 1 01 0] 0 11]0]1]2]0[0]O0 0
BRROR[ 0 | 0| O 211(1 0 0
PRSI2Z| 0 fO|JO|[O|O]JO|2|0O]JO|[O|O]O
PRSA 1 0|00 |2]|]2[0|12]0[0|O0O]O]|O
FIT1o0|l0jO0O])JO0Of1]2|2]212]|1[0]1]|1
DIE 2100 1
MEAN QO [ O | O [0.7(1.2/0.5(1.3[0.2{0.3| 0 [0.3]0.3
ISA - Mean Score for Six Questions
Problem Validity |
Measurement |
Data Capture |
Basic Analysis ]
My Own Check I; ]
Variation (Stat) ::I
Variation (Cont) ]
Rethink Analysis ﬁ:l
Causal Validity ::I
Communicate Data |
External Checks [
Conclusion [
0 0.5 1 1.5 2
Mean Score out of Two

Figure 10.11 Criteria Responses for ISA
[Note the 2 criteria in which ISA scored 1 or more.]
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TEP

TEP is amalestudent from dechnicianbackground, irthe 30-39 year agegroup. His

highest school level mathematics studied was Form 5 Mathematics. He had never enrolled
in a statistics coursget, throughthe course of hisemployment as an agricultural
technician, he had used statistics, including experimental design, statistical summaries and
significance tests. He was also using statistics in other subjects studied at university.

TEP has aneanscore: 1 or greatefor 3 criteria; betweerD.5 and 1 for lcriterion;
between 0.1 and 0.5 for@iteriaand no response for &Giteria (seeTable 10.6 and Fig
10.12). These mean scores give TEP an informal rank of 4= (out of six people).

Only intwo questions did TEP respond witteas about statistical variation but these
were the questions in which all the students recognised rudimentary variation. There is no
other indication that statistical variation is an inherent type of thirfkingim. Only one
criterion of ‘transnumeration’ is triggered in one article.

Table 10.6 Question Data for TEP

TEP | Vaia [remmen) Capt | Analy| Check| (sta] (o Anaiy| Vali | Data | héck Cond
map [ 0|00 2]lol2]ofo]o 0
rR|[ 0] 00 1[1]1]o0 0 0
Prsi2[ 0 o Jofola]af2]1]1]o]lo]1
Prs4 | 0 [ofo]2[1]lofl2][ofloflofo]o
FIT

DIE 1/o]o 2
MEAN| 0 [0 | 0| 1 [1.2]0.4]1.4]0.3]0.3] 0 [ 0 [0.6
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TEP - Mean Score for Five Questions

Problem Validity
Measurement

Data Capture |

Basic Analysis 7: ]
My Own Check [ ]
Variation (Stat) [T
Variation (Cont) [ |
Rethink Analysis [
Causal Validity
Communicate Data |

External Checks

Conclusion ]
T

0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.12 Criteria Responses for TEP

[Note the 3 criteria in which TEP scored 1 or more.]

10.6 Discussion

Analysis of Questions

Evaluating statistically based information is not part of the University of Auckland Stage 1
statistics course offered tstudents.The Stage 1 statisticsourse spendsne week
discussing the investigative cycle, polls andveys,and experimental and observational
studies. JOY,MORTA and ISA shouldhave carried out small scale statistical
investigations at school. TEP and EAGLE, through the coursieewfwork, would have
been involved in statistical or scientifiovestigations.Despite the fact thanost of the
students may have experienced the process of an investigation they aié thetstages

of the investigative cycle to interprebd evaluate thenformation. This suggesthat the
students need a thinking tool or frameworlaid a systematic and fairly comprehensive
evaluation, and judgement, atatistically based information. It also suggesisat
students need instruction and practise in evaluating articles, as the responsestitethe
tended to be reactions to the information presented.

The analysis part ofhe cycle is the part thdtad themost reactions fronthe students,
which is not surprising givethatthis a feature othe statisticxourse.The first parts of
the investigative cyclesuch as ‘problem validity’,‘data capture validity’ and
‘measurement validity’may need to baddressed in statistiacsourses. If a graph is
presented, students’ attention is focussed on the graph rathe¢hefext. My conjecture
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is thatinstruction onmedia articles in thetatistics courséas focussed omisleading
graphs rather than on evaluatithg claims made in the text of theticles. A graph may
be misleading but this does not imply that the study and resultant claims are Stedgkct.
information can sometimes be extracted from bad graphs. There may be a agdb$s
this issue in instruction.

Statistical variation, and, in particular, statistical variation in sseathples, is1ot present

as an underlying idea or principle that interconnects the statistical knovidadge It does

not appear to be an inherent partabifstatisticalinformation andhinking. The statistical
variation ideas that angresentare centrecround aime series plot with a trendather

than sampling distributions and their relationshigheoretical populatioomodels. For
example thestudents did noseem to have visual imagefgr variation inboxplots in
relation to the sample size and the populatiaxplot, nor animage of aNormal
distribution and distributions of samples with different sample sizes from that population.

The ‘transnumeration’ type of thinking, which requires a production of knowleslged
to data and contexXe.g. thinking of waysthat data could be interpreted r@presented),
does notseem to be part of thetudents’ repertoire. ‘Reasoning with modelsat are
given, or easy to produaasually fromthe givendata, such as tame series plot,seem
much easierfor studentsthan recognising and making theswn constructions of
applicable statisticanodels. Producingontext explanation$or all questionsseemed
natural to thestudents,except for inconsistency in producing individual-based and
system-based explanations. These, tequire a production of knowledde.g thinking
of ways that the context could be interpreted) but do not inddte, andherein may lie
the difference. Studentare taught toreason with givenstatistical models but they
probably do not have much experiemtsermining thenodels with which teeasonor
thinking of other statistical ways to reason about a situation (‘transnumeration’).

The reaction type of thinkingised bythe students is mostly critical, rathahan
affirmative, of information. Inevaluating an articlestudents must weigh up what
information they are willing to believe arot believe and then givereasons fortheir
judgement. From my informal observations of own students ithe classroom, when
trialing somefindings ofthe second exploratory study in teachirge critiquing of an
article is not easy. The studemseded to practise thekill. Therefore Iwould conclude
that studentsneed some scaffoldindor reading, understanding anelvaluating a
statistically based report.

Analysis of Individual Students
There are no discernible patterns in the individual studesponsesWhenever |

conjecture a possibility there is anomaly.The two students withthe least appreciation
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of statistical variation are MORTAyho had a good background in statistics, and TEP
who had no formal background in statistics. The two students, JOY and NORS, who had
the best scores in ‘transnumeration’ and overall hadgnib&t categories stimulateake in

the oldest andyoungestage group categories and had different school amdrld
experiencebackgrounds. Anncorrect conclusion in the ‘diguestion’ wasgiven by
EAGLE, NORS andMORTA, thefirst two of whom would probably ndtave had die
tossingexperience aschool, wherea®MORTA has a school background which should
have includedsuch experimentation. TEP ad@Y gave correct conclusions tbe ‘die
question’ yet their backgrounds are fundamentally different.

From the data collected, an informednking of students othe development of their
statistical thinkingwould be NORS(1), JOY(2EAGLE(3) and MORTA, ISA and
TEP(ranked equally o4). On consideration of their statistichlackgrounds and world
experience no conjectures are possible.

Summary

ALL STUDENTS - Mean Score for ALL
Questions

Problem Validity 1
Measurement [
Data Capture [

Basic Analysis ]
My Own Check E ]

Variation (Stat) ]

Variation (Cont) [ ]

Rethink Analysis [

Causal Validity [ ]
Communicate Data [
External Checks [
Conclusion S— |

0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.13 Student Response Data for Judgement Criteria
[Note: First stages of investigative cycle are not triggered as much as the analysis stage.]
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Mean Score for all Questions Grouped into Four
Categories

1. Variation (Stat) | ]
2. Transnumeration
Measurement [
Rethink Analysis [T

Communicate Data [

3. Reason with Models

Basic Analysis ]

My Own Check ]
4. Seek Explanations |

Variation (Cont) | l

Causal Validity | ]
External Checks :I

0 0.5 1 1.5 2

Mean Score out of Two

Figure 10.14 Student Response Data Grouped into Four Categories

[Note: ‘Reasoning with Models’ and ‘Seeking Explanations’, or thinking with context, are triggered more

than ‘Transnumeration’ and ‘Statistical Variation’, or thinking with data and context.]

The judgement criteria or “critical list” doot provide information about whigtarticular
questions ineach criterion arenot being prompted irstudents,but they do provide
information about areas of statistical thinkithgt needfurther development. Therefore,
unlike Gal et al. (1995) who perhaps were thinking of one shotital list”, we believe
that our categorised judgement criterid‘attical list” will inform teaching andearning,
not only in the evaluation ohediaarticles, but also ithe reporting of statisticallipased
information and in the carrying out of statistical investigations.

From the interviews it appeareithat all thestudents had aritical attitude particularly
when their responses to ‘seekingxplanations’ fromthe context areconsidered. This
innate critical attitudelid not seem to be triggered consistefwbcause, firstlythey did
not have a connected frameworkuse to respond to such situations aedondly, the
students did not easithink, or know how to think, with data, or withataand context
simultaneously (see Figs. 10.13 &lf@l14). This suggestshat aframework or thinking
tool or judgement criteriavould help students to construct consideregsponses to
information. It would alsohelp to combat the tendency efudents toreactonly to
information that is present since it would alert them to information that is not present.
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Considering the questions given to the students were not the usual type of questions given
in their statisticxourses, itould be assumeithat the current teachirgpproach, course
content and assessment are not promoting the statistical thinking we would like to develop
in studentsTherefore the statistical thinkinigamework developed in Chapter 9, from
which the judgement criteriavere explicated for this analysis,may be useful for
developing teaching approaches which cultivate such thinking.
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