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WELCOME TO LISBON, WELCOME TO THE CONFERENCE

“Over seven hills, which are as many points of observatiomnet the most
magnificent panoramas may be enjoyed, the vast iraegaid many-coloured mass
of houses that constitute Lisbon is scattered. For theetea who comes in from the
sea, Lisbon, even from afar, rises like a fair vision idream, clear-cut against a
bright blue sky which the sun gladdens with its gold. Anditimees, the monuments,
the old castles jut up above the mass of houses, like faemiids of this delightful
seat, of this blessed region. The tourist's wonder begimen the ship approaches
the bar, and, after passing the Bugio lighthouse — that [ftiardian-tower at the
mouth of the river built three centuries ago on the plan airkiodo Turriano —, the
castled Torre de Belém appears, a magnificent specinfiesixteenth century
military architecture, in the Romantic-Gothic-Moorish style. the ship moves
forward the river grows narrower, soon to widen agdarming one of the largest
natural harbours in the world with ample anchorage ttoe greatest of fleets. Then,
on the left, the masses of houses cluster brightly oednills. That is Lisbon.

Fernando Pessoa in “Lisbon, what the tourist should see”
(1925) http:/llisbon.pessoa.free.fr/InteractiveBook.php

Lisbon’s description by the famous Portuguese poet RdmRessoa introduces you
to some of the many beautiful types of scenery in this wiith the almost constant
presence of sunshine and the River Tagus. It is awdityse history spans back
thousands of years, which you can discover walkingugifrats seven hills. There are
innumerous experiences that can be lived in Lisbon: walthingugh characteristic

neighborhoods, visiting streets filled with heritage monusieahd museums,

relaxing in one of the many gardens, belvederes apldregles, and enjoying the
pleasure of its gastronomy.

We are delighted to welcome you to Lisbon and partigultol the International
ConferenceTurning data into knowledge: New opportunities for statistiascation
being held at the University of Lisbon. This public unsigr has eighteen faculties
and institutes throughout the city of Lisbon and surrmgdhunicipalities. It was the
first university created in Portugal, in 1288. The ursitgrwas later transferred to the
Portuguese city of Coimbra, in 1537. In the late eighteemthtucy, it was
reestablished in Lisbon. Recently, in 2013, the Universityisbon merged with the
Technical University of Lisbon, forming the ULisboa thiat now the largest
university in Portugal with more than 48 000 students.

This conference has been an initiative of the Portuguesearch project DSL —
Developing statistical literacy: Student learning and teach@ucation— involving
the Institute of Education of the University of Lisbon and thréversity of Evora,

and supported by a group of leading international releesdn statistics education
who took part in the Scientific Committee to whom we are lgegmateful.

The Conference was sought to be an opportunity to gatsearchers, teacher
educators and teachers interested in statistics educatexghange experiences, and
to present and discuss recent research and curreettstoj herefore we invite all

participants to contribute actively to the debate throughivel conference sessions
and to meet different people at the lunch and coffeekbréa share ideas and
experiences.

The Scientific Programme

Currently, statistics education takes place in a new sociataltaral context and
faces a global challenge of meeting the calls for statilstititgrate and informed
citizens who are able tarn data into knowledge Such a challenge provides new
opportunities to rethink both what statistics we teach and weweach statistics.
Doing so is imperative in order to develop studentsiitgttib reason about data and
to use them effective and critically, in their daily life, foegiction and decision-
making.

It is well known by both researchers and practitionershogl that statistical literacy
and reasoning, which call for critical, investigative aothmunicative skills, prove
to be difficult to students. Thus, current international iculum recommendations
suggest data-orientated approaches for teaching statistals,l@vels of schooling,
using real data and taking advantage of available témipd-urthermore, to develop
their statistical literacy and reasoning, students areat®g to deal with data in
significant and authentic contexts. This conference adeketbese challenges and
opportunities for statistics education, for all school levels.

Two strands have been defined for the conference — Stltigcacy and Statistical

reasoning — and these are the broad themes of th@lemary Talks, presented by
Janet Ainley and Dani Ben-Zvi, respectively. These twmansls encompass a
diversity of topics of research and projects, sucheahnblogy-enhanced learning
and teaching practice with technology, as well as reseatelaéher education and in
professional development, namely teachers’ systemat&angs about their own

practice. More broadly the programme also intends to adbetaliscussion about
statistics education, namely in what concerns its aimsdamse curriculum issues
through the Plenary Panel that will take place in the lasbpéne conference.

This 2-day Conference includes also other types alices Research Papers, Short
Oral Communications, Posters presentations and Workshalpsthe received
contributions as Research Papers (RP), Short Oral Commong#480) and Posters
were submitted to a blind review process and the finalribomtibns are now
collected on these proceedings. We would like to thankethiewers, whose names



you can find at the final section of these proceedifagstheir valuable contribution
to the scientific quality of the conference.

The organization received originally 12 RP, 19 SO a#dPbsters. Through the

review process some of these have been suggesteadsuienitted as SO or Poster.

Unfortunately, a few colleagues whose proposals had beeepted did not obtain
the support they needed to attend the conference. Finaliiave a total of 8 RP, 19
SO and 14 Posters in these proceedings that will be pedsenthe conference. The
scope and diversity of the proposals’ themes are a elédence of the richness of
the field of statistics education, nowadays.

Additionally, two workshops in Portuguese also will take eladuring the
conference, targeting teachers who teach in elementdrgemondary levels. We are
thankful to Claudia Oliveira, Marisa Gregorio (Workshop- Promoting statistical

reasoning with the TinkerPlgtsRosa Tomas Ferreira and Sandra Quintas (Workshop

2 —Promoting statistical investigations in the classrgonho were responsible for
organizing and conducting the workshops in connection With Henriques and
myself. More than 30 Portuguese teachers and teachbeateds have registered to
attend these two workshops.

The conference also provides the opportunity to shareof the work that has been
developed by the project DSL, and that is presented lerea Panel, as well as in
different RP, SO and Posters by several of its membéesthank you for coming
and hope you will enjoy Lisbon and the conference.

Hélia Oliveira, Conference co-chair

PLENARY TALKS




THE USES OF STATISTICAL LITERACY
Janet Ainley
University of Leicester, United Kingdom
ABSTRACT

When young children learn to read and write in their motbegue, which is the
normal meaning of ‘literacy’, they already know whaggé skills are useful for. They
experience adults using reading and writing for a rarfigrirposes everyday, and as
their skills develop they can immediately use reading antingrfor many of the
same purposes as adults. They can read text in boakmzines, birthday cards, on
computer screens, and write lists, text messages aed twfriends. The uses and
purposes of statistical literacy are much less visiblentidren, and indeed to many
adults. Even when statistical concepts and skills, suclarapliang, or measures of
average, are taught, the power and usefulness of tteas is not always clearly
connected to the experiences of learners. As a resulterds and adults may
‘understand’ different measures of average, but nowwkwhy and when such as
measure might be useful or appropriate. In this talk | anjue for the need for
pedagogic approaches which foreground the usesati$tatal ideas in ways which
are meaningful for learners, and thus contribute to tieeldpment of useable
statistical literacy.

THE CHALLENGE OF DEVELOPING STUDENTS’ STATISTICAL
REASONING

Dani Ben-Zvi
University of Haifa, Israel

ABSTRACT

Statistical reasoning is the way people reason with statistieas and make sense of
statistical information. This involves making interpreini based on sets of data,
graphical representations, and statistical summaries. S@tisdasoning combines
complex ideas about data and chance, which leads aking inferences and
interpreting statistical results. Underlying statistical remspnis a conceptual
understanding of a web of important ideas, such ashdison, center, variability,
association, uncertainty, randomness, and samplingidmptésentation, | reflect on
research projects — conducted during the past 20 yétdrolleagues and graduate
students — on students’ learning to reason statistidationtemplate on what | have
learnt and offer some lessons. The questions | disatess What is statistical
reasoning? Why is it challenging for learners at all ag&%at can research tell us
about students’ statistical reasoning and its development? ¢émwwe support
students’ statistical reasoning? What research challenged aurrent interest to the
statistics education community?

PLENARY PANEL



STATISTICS EDUCATION: ISSUES AND PERSPECTIVES
Janet Ainley, Dani Ben-ZVf, Andreas Eichléy Jodo Pedro da Ponte (Chiir)
YUniversity of Leicester, United Kingdom
2University of Haifa, Israel
3University of Kassel, Germany
“University of Lisbon, Portugal

This panel addresses the following issues:

a) Aims: What must be the aims of statistics education in agimmiddle and
secondary schools? What are the main obstacles to ath&w@

b) Curriculum issues: What is reasonable to strive for in psineducation? A
privileged relationship with mathematics or a privileged i@feship with other
topics?

c) Research and Practice: What may be possible contributibmesearchers to
improve the status of statistics education in primary, middd secondary
schools?
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PROJECT DEVELOPING STATISTICAL LITERACY: STUDENT
LEARNING AND TEACHER EDUCATION

Hélia Oliveird, Ana Paula CanavafioAna Henrique’s Susana Colago (Chair)
!nstitute of Education, University of Lisbon, Portugal
“University of Evora, Portugal
3Polytechnic Institute of Santarém, Portugal

ABSTRACT

Recent international and national mathematics curriculum guideiimisate the
development of students’ statistical literacy, at different ltewd schooling, as a
major educational aim. In Portugal, the mathematics tsydldor basic education,
which began to be implemented in 2009, gave a greatphasis on statistics,
presenting more demanding learning goals, since the elargelevels. This
represented a challenging situation for practicing teachexygjring them to develop
new perspectives about the teaching and learning oststatiIn this context, the
projectDeveloping statistical literacy: Student learning and teack@ucationwas
planned aiming to study the development of statistical litefemy elementary to
secondary education, with special attention to two mairesssyithe characterization
of key aspects of students’ statistical literacy, pddity regarding the ability to
formulate questions, collect data and represent them teeartsose questions, and
i) the development of statistical and didactical knowleftgeteaching in different
schools levels. As the project unfolded, another resestreind associated with
students’ statistical reasoning and the necessary wnslifor its development
emerged.

Regarding the development of statistical literacy and reagothie project assumes
the key role of students doing statistical investigatiossthis activity tends to
engage them in meaningful learning and promotes a lcoNstiw of statistics,
mobilizing knowledge in various areas, using complex aiag processes in a
flexible way and helping them to develop critical thinkitg. particular, in what
concerns statistical knowledge development, the project hers foeusing, among
others, on the theme of statistics informal inference tiirabe design of learning
environments with technological resources that support studeatsoning
processes.

The project has also focused on deepening the fielteadhers’ statistical and
didactic knowledge for teaching statistics and theiletigyment in the context of pre-
service or in-service teacher education. The knowledged by the project research
team has supported the planning of courses in teamhgration for prospective
teachers of different grade levels, as well as of prmfieasdevelopment courses for
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teachers supported by collaborative contexts that conidearticulation between
theory and practice.

The research methodologies adopted by the project taaenieen diversified. There
is a strong incidence of qualitative and design reseamgtoaches, both for studying
students’ statistical literacy and reasoning, and teaedercation scenarios and
teachers’ practice.

The project is developed under the responsibility of tis¢itute of Education of the
University of Lisbon, in partnership with the University &vora. The team

comprises seven senior researchers from differenionad higher education

institutions, with extensive experience in teacher educaliba team also includes
PhD and master’s students, who are teachers or teatineaters in various parts of
the country. The results and products of the project lmeen disseminated in
national and international contexts, through the publicatidn papers and

communications in scientific and professional meetiagsl in seminars opened to
the national and international mathematics and statistics educatiomunities.

The project had the financial support of FCT - Fundacdo par€iéncia e
Tecnologia, from 2012 to 2015 (contract PTDC/CPECED/337310).

THE PROJECT TEAM
Coordenation

Hélia Oliveira (coord.), Ana Henriques, Ana Paula CamayaCarolina Carvalho,
Jodo Pedro da Ponte, Rosa Tomas Ferreira, Susana.Colaco

Other members and collaborators

Ana Caseiro Rodrigues, Ana Isabel Mota, Catia FreitasjdizZld~ernandes, Cristina
Roque, Isabel Velez, Marisa Gregorio, Mdénica PatricioliddéFilipe, Patricia
Antunes, Paula Gil, Raquel Santos, Sandra Cadima, Sar@untas.
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UNDERSTANDING CONDITIONAL PROBABILITY THROUGH
VISUALISATION

Katharina Bocherer-Lind&rAndreas Eichlér Markus Vogel
IUniversity of Education Freiburg, Germany
2University Kassel, Germany
3University of Education of Heidelberg, Germany

This paper refers to a research project aiming to corapgao different strategies to
visualise conditional probabilities for which learning obstackre often reported.
We firstly explain the mentioned two strategies, i.e. the di@gram with natural
frequencies and the unit square. Afterwards we prothdedevelopment of our test
instrument and discuss some results referring two sanyfl@rospective teachers.
These results show considerable differences betwedwthvisualisations as well as
a significant benefit of the unit square.

INTRODUCTION

“Representation and visualization are at the core of stadeling in mathematics”
(Duval, 2002, p. 312). In both mathematics education siatistics education, it is
widely accepted that visualisation could have a condikerempact on students
learning of mathematics or statistics. This is even the,dasve restrict the term
visualisation to graphical representation (c.f. Presmegf)2®fowever, research in
mathematics education, statistics education and cognitive gegghgave evidence
that visualisation does not necessarily foster students’ stateing. Thus, the
efficiency of visualisation is dependent on the qualityaddpecific visualisation as
well as on the quality of the connection of a certaimalisation and a mathematical
object and thus, the expectable outcome for enhancidgresi understanding (e.g.,
Ainsworth, 2006; Presmag, 2006). For this reason, a ¢rge&stion in research in
mathematics education and statistics education is to identifprteeof potentially

different visualisations that is most efficient referringstodents’ learning. A second
question that is closely connected to the first questioneroadhe definition of that
part of students’ knowledge that should be promoteckbiain visualisation.

The aim of this research, which is a part of the Germeaerarch project VisDeM
(visualisation in teaching German language and mathematitgs//Mawvw.kebu-
freiburg.de/visdem/), is to gain results referring totthie questions outlined above.
Regarding these two questions, we focus on the subfextnditional probability,
and, particularly, on the subject of the Bayes’ rule. Tdteomal for this focus is
twofold. On the one side conditional probabilities are lgesat in which the human
intuition often seems to be misleading (e.g., Kahneman érsky, 1972). On the
other side research gained strong evidence for theeeitig of two different forms of
visualisation for the learning of conditional probabiliteesl also the Bayes’ rule, i.e.
a tree with natural frequencies (e.g., Sedimaier & Gigeme 2001) and the unit
square (Bea, 1995). However, the aforementioneshrek results do neither involve
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a direct comparison referring to the impact of these bistlalisations on students’
learning nor a direct comparison by only using naturajueacies.

In this paper, we firstly discuss the tree diagram,uthiesquare and research related
to these two visualisation strategies. Afterwards we addtbe two research
guestions outlined above in two subsequent stepsirgfdo two different samples
of prospective teachers. To each step, we discuss #tkod) specific research
questions and the results. We conclude this paper byggavibrief explanation of
further steps of our research.

VISUALISATION REFERRING TO CONDITIONAL PROBABILITIES

We show both visualisations (the tree diagram with natoeglubncies and the unit
square) in figure 1 referring to the following situation:

- 10 % of a certain population has a disease without knowatg th

- A diagnosis test gives a correct indication of the disea86 b of all cases (i.e.
the persons that have actually the disease).

- The diagnosis test has further the characteristiclih&b of cases will be wrongly
identified as having the disease, although the disease psasant.

1000 (persons) disease o disease positive

(incorrect)

positive
(correct)

disease: 100 no disease: 900

\ \
\ \
AY AY
AY \
AY AY
\ AY
Ay AY
\ \

positive: negative: positive: negative:
80 20 90 810

negativ
(correct)

negative
(incorrect)

Figure 1: Tree diagram (left side) and unit square(right side) referring to the same
situation of a diagnosis test.

The tree diagram with natural frequencies has a sequentl hierarchical structure.

Thus, for example, the very right path in the tree diagepresents the persons with
no disease who got a negative result in the diagnosisThet.unit square is a

statistical graph where the persons with no disease, wha gegative result in the

diagnosis test, are represented by a partial area sfjtr@e, in this case the bottom
right one (c.f. Eichler & Vogel, 2010).

Sedimeier and Gigerenzer (2001) investigated adults ¢gsidat university)
concerning their ability to solve tasks using the Bayes’ fiiey found that the tree
diagram with natural frequencies is more efficient thaorarmmon tree diagram with
probabilities. Particularly, the learning results based ofnteevention involving the
tree diagram with natural frequencies seem to be stabéehigh level over a long
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period. In contrast the high immediate learning of sttglbased on the intervention
with the tree diagram with probabilities showed a strdegay after few weeks.
Wassner (2004) replicated these results referring toestsidlearning in schools
using a qualitative design.

SedImeier and Gigerenzer (2001) gave two reasonsieixglahe efficiency of the
tree diagram with natural frequencies. The first reasoncerns the way of
information‘'s representation based on natural frequenfiels Gigerenzer &
Hoffrage, 1995). The second reason refers to thergsgn that the tree represents a
powerful tool to structure given information. In the reskaocf Sedlimaier and
Gigerenzer (2001), the efficiency of students’ learnirag \wmeasured by the number
of students’ correct solutions of tasks for which appythe Bayes' rule is necessary.
Thus, this study primarily addressed students’ proceduraivieage (Hiebert &
Carpenter, 1992), i.e. the knowledge how to solveegific class of tasks.

Further, Bea (1995) yielded evidence that using a unirsgis more efficient than
using the tree diagram with probabilities when studelgatning of conditional

probability and the Bayes’ rule was regarded. In his rekedea used the unit
square with probabilities. According to the results of Gigeee and Hoffrage (1995)
mentioned above we also give the information in the unitasg as natural

frequencies (fig. 1). As mentioned before, the unitasguvisualises conditional
probabilities and Bayes’ rule geometrically based ongmtams of line segments and
proportions of partial areas of the square. Accordinghg B995) showed that the
unit square particularly had promoted students’ conceptualledge (Hiebert &

Carpenter, 1992). Conceptual knowledge in this field emrs; for example, the
knowledge how resulting probabilities would change if probaddlithat determine
the shape of the unit square (e.g., the probabilithafing a disease) would be
changed.

Based on the considerations above, our research dbesly focus on a comparison
of the general efficiency of the two strategies of visualisatioit also focuses on the
efficiency of the strategies of visualisation to promoteémarily procedural
knowledge or primarily conceptual knowledge.

FIRST STEP OF RESEARCH
Method

Although there is research about the efficiency of bothtegjies of visualising
conditional probabilities, only the tree diagram with ndtdraquencies plays a
substantial role in statistics education in Germany, wioereresearch took place
(Eichler & Vogel, 2010). For this reason, one specific ainthe first step of our
research approach was to examine if there are diffeseim extracting the relevant
information from the two visualisations. To describe dédférlevels of extracting
information from a visualisation we used the model of @uU{t987; 1989), referring
to the aspectsead the dataread between the datandread beyond the datave
explain these aspects below when exemplarily discussingsh items.
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The sample consists of 78 prospective mathematics tsaebdhe University of
Kassel that were enrolled in a course of mathematigsatidn in 2014. This sample
was randomly divided into two subsamples.

The participants got a brief description of a visualisatiased on a simple example,
the first subsample referring to the use of the tree ailagrith natural frequencies,
the second sample referring to the unit square with Hafteguencies. Both
descriptions were identical as regards stochastic corbayt differ only as regards
the kind of visualisation.

We integrated the three aspects of Curcio (ibid.) that weridesabove in test items.
The aspectread the datais described as lifting information to answer explicit
questions for which the obvious answer is right there irgthph (Curcio, 1989). An
example of the aspecead the datais shown in figure 2 referring the context of
diseases.

Read the numbers from the diagram:

a) ___ have the disease got a positive test.

b) _ have not the disease.

c) __ ofall persons got a negative test.

d) __ are negatively tested persons that have not thesdise
e) __ ofall persons got a positive test.

Figure 2: Example of an item referring toread the data.

We used two items with other contexts for testing the potisggeteachers’ ability to
read the data. Both items consist of five tasks thategtévalent to the example
shown in figure 1 and 2.

The aspectread between the datés described as interpolating and finding
relationships in the data presented in a graph (Cur&i89)1L An example of the
aspect ofead between the data shown in figure 3.

Again, we used two items with other contexts for testingpttospective teachers’
ability to read between the data (speaking dialect and daliggics). Both items
consist of five tasks that are equivalent to the examplershofigure 1 and 3.

Mark whether the following assertions are true or false:
a) Most of the persons having the disease got a positive tesff@ise).
b) Most of the persons have not the disease (true/false).
c¢) Most of the persons, who got a positive test, have tleasks(true/false).
d) Most of the persons, who got a negative test, haveheatisease (true/false).
e) Most of the persons, who got the disease, got a nedatt (true/false).

Figure 3: Example of an item referring toread between the data.

17



Bécherer-Linder, Eichler, Vogel

Finally, Curcio (1989) described the aspect of reatliegpnd the data as the ability
of extrapolating, predicting and inferring from the visuwatien to answer implicit
questions. One example referring this aspect was the gitwgtown in figure 1 with
the task shown in figure 4.

How is the change of the following proportions if the patage of persons that
have the disease would be bigger? Mark the corradio.

Bocherer-Linder, Eichler, Vogel

items show at most a very high rate of correct answdrexisting differences are
far away from being significant.

These results are important for our further researgsstdthough the strategies of
visualising conditional probabilities are different referring their degree of
familiarity in school, the ability of the students of extragtinformation from the
diagrams do not differ. Thus, it is possible to directly careghe results of the other

a) The percentage of persons having the disease thatpitive test result will
be bigger/smaller/constant.

b) The percentage of persons getting a positive test resultabatie disease wil
be bigger/smaller/constant.

c)The percentage of persons
bigger/smaller/constant.

that get a negative test

d) The percentage of persons having the disease that ggativadest result will
be bigger/smaller/constant.

e) The percentage of persons getting a negative test resatithéive not the
disease will be bigger/smaller/constant.

1%

Figure 4: Example of an item referring toread beyond the data.

We used this and one further item with another contexhcgming flower
cultivation) for testing the prospective teachers’ ability sxrbeyond the data.

Each sub-item was coded with 0 (false) or 1 (corr&¥®. had two hypotheses for
this first step of our research:

- Because the requested information is directly given withertréee diagram as well
as within the unit square we expect no difference in ststeolutions with regard
to Curcio’s (1989) levels of reading data and readingimithe data. Thus, we
hypothesize that there is no difference between the tredegtes of visualise
conditional probabilities referring to the ability to read the datal to read
between the data.

- Because the proportions are (at least partially) displaytdn in the unit square
but not within the tree diagram (beyond the same nwaleimformation given
within both kinds of visualisation) we expect the unit squarbe more helpful for
concluding new information from the given on. This laspto the level of reading
beyond the data. Thus, we hypothesize that the uméireds more appropriate for
reading beyond the data.

Results

The item tasks referring to the aspectedding the datsseems mostly to measure
the same construct (for ten items Cronbach’s alpha6it6). Actually, the results
shown in figure 5 imply that there is no reason to rejertfirst hypothesis. The

18

will  be

tasks.

100 S \ S N
N IR R IR NI ENE B
N IR IR R ER B I B B
MM NN NN NN

60 NI NN NN N NN
NRRBRERRE B B
NAR AR ERABRMNEBE R B i

40 NN NN N\ unit square
NREBREBRBREER B B
NRRKBRKBEBRKE R B ;

20 NN NN NN NN tree diagram
NER RBRERRRER R B B
) < > e AN < > (2

6{31 a_@ o‘_ef a(g’ &Q \\é@ *OQ ] déel \\bQ; *(}?4

S ¢ & & &

100 \ N N
Y \ VM VM & N J X
N I I B R R R R B

'3 E E EEEEEESR
NERBRBREREREERE B B B
NREAERBREBRERERERRERE R

40 § \ § \ N\ § N\ N\ \ \ N unit square
NREREREBEREBERBREBER B
ERRRRERRERR !

20 NN N N N N N N N tree diagram
NI RRERERBER B B B

o N N N N N0 N N \ N
) < > (2 2 0 < > 2

' \zé ‘ \é,‘ & \ef} A \é‘," & & \\é\d’ & é,\d’

P T S T Y b
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bicycle) and read between the data (dialect and phics).

The results referring to the third aspect of Curcio’s hade read beyond the data is

shown in figure 6.
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Figure 6: Results referring to the items concerningead beyond data.
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Actually, most of the single items and especially the suthefitem scores (for ten
items Cronbach’s alpha is 0.616) do not show a signifiddference between the
two visualisations. Thus, our second hypothesis coulth@oejected.

However, in a further exploratory investigation of the data,found that the results
differ in case that the years of study of the prospediaehers are regarded. It
means, if our sample is restricted to those studentsréhabain the first year of their
studies, the results of our test are different fromehegerring to all the prospective
teachers. Referring to this restriction we have 39 caledich 21 worked with the
tree diagram and 18 cases which worked with the unitreqtiere, the reliability of
the aspect read beyond the data indicated by Cronbalgtia is 0.649 and, thus,
slightly better than regarding all cases. Further, the diffex between the
performances of the prospective teachers comparettieoywo visualisations is in
fact not significant, but the p-value implied that the edéhce between the two
visualisation strategies could become significant if partiuleexperienced
prospective teachers are regarded. Among other thimgsnformal and explorative
result was the basis for the second step of ouarelse

SECOND STEP OF RESEARCH
Method

The sample in this step of our research consists ofpP@§pective teachers at the
University of Education Heidelberg. 58 of these prospectaehers were in their
first years of study the other 148 prospective teachersrivaid experience, but not
with regard to systematic learning neither concerninglitomal probabilities and
Bayes’ rule nor concerning these two kinds of visualisatamwhich we focus.

Again the sample was randomly divided into two subsampiexch of the
subsamples got three test items referring to the aspeead beyond the data. Each
of the items consists of five sub-items. The tests refemonthe two subsamples
differed in terms of the given visualisation of the addeal situation. Further, each
subsample got the same brief introduction to the used igatiahs that was the same
as in the first step of our research.

One of our hypotheses for this step of research haisliere is a difference between
the ability to read beyond the data referring to the diffeistrategies of visualise
conditional probabilities. However in this case, we partitykxpected a significant
result referring to experienced prospective teachexsause we expected them to be
able to use the graphical advantage of the unit squiamegsoning of hypothesis 2 in
the first step of research) more effectively for reasértheir further developed
general mathematical abilities.
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Results
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Figure 7: Results referring to the items concerningead beyond data.

Actually, if the whole group of the prospective teashier regarded, there is no
significant advantage of the unit square compared to tkedisggram (p = 0.126).
However, if only the experienced prospective teacharsegarded (years of study is
more than one year), there is statistical evidence thammibhequare is more efficient
than the tree diagram (p = 0.042).

In figure 7 we provide the results of the sum of the daghsub-items that generally
show an appropriate reliability (Cronbach’s alpha is 0.T&gse results refer to the
average of correct answers to the five sub-itemseofhtee items.

DISCUSSION AND CONCLUSION

In this paper we reported a study consisting of two saéméng to compare two
strategies of visualise conditional probabilities, i.e. the thegram with natural
frequencies and the unit square.

We firstly investigated whether there is a difference batvibe two visualisations

referring to extracting simple information from the diagsaimt could be assigned to
the aspects of reading the data and reading betweerathepbposed by Curcio
(1989). As theoretically assumed we found no empirmadence for such a
difference between the two visualisations. This abserica difference was an

important result for further research. Actually the tr@agram with natural

frequencies is often promoted as an outstanding way soahlse conditional

probabilities (e.g., Gigerenzer & Hoffrage, 1995; Sedimé&ieGigerenzer, 2001;

Spiegelhalter & Gage, 2014). However, our researcBsgavidence that there is
another visualisation that seems to be equally efficientttaexelevant information

of a statistical situation.

Moreover, for experienced prospective teachers, asults further imply that the unit
square is more efficient to solve tasks referring toasmgect of reading beyond the
data or rather to solve tasks that focus on a condeytdarstanding of conditional
probabilities and the rule of Bayes. This was also an itapbresult that led to the
hypothesis that a higher mathematical education increasedenefit of the unit
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square compared to the tree diagram with natural free® Following this paper,
the mentioned hypothesis refers to the aspect of readyantbehe data. For this
reason, we plan further steps of our research. Fampbe, we want to investigate
differences among samples of students of sciencesmplea of students of
mathematics and samples of students that have no relatimatteematics. Further
we plan to include a clearer distinction between items tddteas procedural
knowledge and conceptual knowledge for proving hdfeint visualisations impact
on different aspect of knowledge. One aim of these fudtegrs of our research is to
precisely identify situations of uncertainty for which tivét square is more efficient
for students learning than the tree diagram or other gieateof visualising
conditional probabilities.
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PROBABILITY CONTENT IN THE ENTRANCE TO UNIVERSITY
TESTS IN ANDALUCIA

José-Miguel Contreras, M. del Mar Lopez-Martin, Pedroayiée Magdalena
Carretero

Universidad de Granada, Spain

In this work we analyse the contents of the probabityblems proposed for the
university entrance tests in Andalucia (Spain). Specificalyexamine the problems
proposed to the students who selected the specialtyc Seiences. We solved all
the probability problems for each of the 6 different tests prapos2003, 2008 and
2013, and using semiotic analysis we identified the pridibab objects involved in
their solution. An elementary statistical study of the distributidrthe different
objects in the three years served to obtain conclusionsitathe presence of the
objects in the problem and about the difficulty of the prohlems

INTRODUCTION

The need for probability education has been recodnizethe Spanish curricular
guidelines, since probability contents were included im#&wy and Secondary
Education (Batanero, Arteaga, & Gea, 2011; Batanero, S#@aga, & Contreras,
2014). Probability is also included in Mathematics into trexigties of Sciences and
Technology, and Humanities and Social Sciences in High dbgiMEC, 2007),
where we find the following contents:

 Assigning probabilities to events. Prior and posteriobgbility; joint, conditional
and total probability, Bayes’ theorem.

» Binomial and Normal distributions. Practical implicationsehtral limit theorem;
approximation of binomial distribution by the normal digttibn; law of large
numbers.

Assessment is an important element that guides the teachéneastudents towards
achieving the learning goals. Assessment is given a ro&nn the transition from
high school to university in Spain, since the score the stadget in the compulsory
university entrance tests, often determines the studpassibility to follow their
preferred university degree (and future career). Parealty, probability problems
are only included in the tests aimed at Humanities and ISSciances students,
although this content is also taught to Science and Technstodgnts.

In this paper we present preliminary results of a projeactid to analyse the
content of the university entrance tests in Andaludfe. gertinence of this project is
clear, since these tests often influence (more than thiewar guidelines) what is
taught to these students, and our results may help theeteatth prepare their
students for these tests. These preliminary results tansike analysis of all the
problems posed in three different years (36 problemstat) tand will help to try the
method and determine the main variables to continue talysi of all the test
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proposed in the last 14 years. After summarizing thergétieal framework and

related research we describe the method. Then, we intteddetailed analysis of
one of the problems included in these tests. Finally, neeemt a statistical summary
of the results obtained in the tests analysed and concludesevite implications for

teaching.

THEORETICAL FRAMEWORK

We base on the onto-semiotic approach to mathematics edud@imdino, &
Batanero, 1994; 1998: Godino, Batanero, & Font, 2008revimeaning is modelled
in terms of systems of the practices carried out whenraplai given problem. In
these practices different type of objects intervene; “objisctinderstood in a broad
sense and includes problem-situations; procedures;epts@nd properties. The
mathematical practices can be idiosyncratic of a pdifsensonal meaning) or shared
within an institution (institutional meaning). In mathematidsi@tion research we
are interested in the meaning of specific objects in teadhstigutions; in particular
in this research we are interested in analysing the ingtinitmeaning of probability
in the entrance tests to University. This meaning cen described by the
mathematical objects linked to the problems proposed settests and the practices
that students should carry out in their solution. The metifodemiotic analysis
proposed in this framework is directed to identify theseabjand the interpretive
processes needed by the person who solves the proWien this analysis is
applied to the problems included in a textbook or in aitestrves to identify the
correspondence between assessment and curricular gegdednd to show the
complex work required from the student.

PREVIOUS RESEARCH

We also base on two previous research that has angbysbdbility problems in
textbooks with the same framework, to identify the vadshlsed in our study. Ortiz
(1999) analysed a sample of high school textbooks andifiddras main concepts
implicit in the problems those of compound experiments,eddégnce and
independence, joint probability, total probability and ®ayes theorem. In our
analysis we will consider all these objects. According to thientextbooks problems
were consistent with the curricular guidelines for high sthwoSpain and few
problems were related to conditional probability.

Diaz (2004) studied the probabilistic problems in 17 universtbboks and

classified the problems according to the following Jalga: a) type of experiment:
sampling with or without replacement, or simple experimémt;dependent or
independent experiments; c) property or theorem usedugrodle, computation of
conditional probability using a formula; total probability Bayes’ rule; d) type of
situations: synchronic (when experiments are simultaneaars) diachronic

(consecutive experiments). She did not informed of thguéecy of the different
problems.
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Although these two authors identified variables and categyoglevant in the analysis
of probability problems, they limited themselves to identifg presence or absence
of each category in the sample of textbooks they analyBeeir studies did not
highlight the complexity of the problems, because they didperform a semiotic
analysis of the same. Moreover we found no previcusyais of the problems
proposed in the entrance to university tests; consequentlypaper is a first
contribution to this research question and complements fivesious studies.

METHOD

The university entrance tests in Andalucia are curremtfulated by the Royal
Decree 1892/2008, of 14 November, where the conditfonsaccess to official
university studies and the admission procedures to Spanldic pniversities are
described (MP, 2008). This document requires the stade pass a maturity test

(university entrance test), in which the students’ kndgéeand abilities are assessed.

The mathematics test for Humanities and Social Sciences studesists of two

options: A and B. The student can chose one of thagemnd should solve all the
problems proposed in the selected option (mixing probleam both options is not
allowed). The content of tests (4 problems) is simitar oth options: the first

problem is related to algebra, the second to analysis, itidetdhprobability and the

last to statistical inference. The correct solution to eachlgmois scored with 2.5
points from a total of 10 points in the full test. The contéh® problems should be
in agreement with the curricular guideline contents for Bigffools in Spain.

In our study, we focus only on the probability contefhthos curriculum. As we
mentioned above, each test includes a specific probbdated to this content.
Moreover, as we will show in our analysis this problenmcentre specifically in
“Reinforcing ideas abouprior and posterior probabilities, joint probability,
conditional probability; total probability and the Bayes’ rule”

In this preliminary study we examine the probabilisticlijems contained in the tests
proposed in the years 2003, 2008 y 2013. Since wantamrested in the period 2003
(when the current regulation for the entrance test warted) to 2014, we selected a
year at the beginning, the middle and the end of the peénaxder to see if there is

an uniformity in the content of these tests in the diffengears or a tendency to

change is visible. In each of these years, 6 differergiens of the tests were used
(depending on the semester and city); since each teswvbagptions, we analysed a
sample of 36 problems.

Given that the sample size is limited, our study is exploratehich is usual in
qualitative research. We therefore do not intend to extxtgpdhe results to other
different tests. However, we believe that our findings samve to formulate some
preliminary hypotheses about the probability content eftéists in other years or in
other regions that would be tested in the final study.
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SEMIOTIC ANALYSIS OF PROBLEMS: AN EXAMPLE

Each of the items included in the sample was solved;van performed a semiotic
analysis of the correct solution to the problem, in ordedeatify the mathematical
content required in the solution. In this section we priedee analysis of item P5A
included in the fifth version of the test (option A)2613 as an example.

Item 5A. From a total of 212 elderly people in a geriatric homepfddhem have lung
problems; 78 of them are regular smokers, and onlyw8 hmg disease and are non-
smokers.

a.What is the probability that an elderly person in this horhesen at random, does
not smoke and does not have lung disease?

b. What percentage of elderly people with lung problemsarekers?

To correctly solve the problem, the student needs tdifgdehe data of the problem.
First, the student should consider the compound experiswacting an elderly
person randomlywhere it is necessary to identify two characteristteso (simple
experiments): a) On one hand, the person may havedisegse or not (the sample
space has two eventshaving lung diseasd., andnot having lung diseask®; b)
secondly, the person may be a smoker or not (the sasmglee in the second
experiment has two evensmoking, Sandnot smokingS°). A two-way table (See
Table 1) may help the student to identify the frequencyifférent categories of
people in this home (see Table 1).

L|L®[TOTAL
S 36| 42 78
s° 8 | 126] 134
TOTAL | 44| 168| 212

Table 1: Data needed to solve problem 5A.

Since simple events include a single element and compowsmisest least two
elementary events, we conclude that the events consitketiee problem are simple
events in a compound experiment. The student mastifg each simple experiment
and the compound experiment, that is, form the Cartesiasupt of two simple

experiments. Once the events and frequencies ardifigignthe student should
interpret the questions posed in terms of probability.

Solution to question a.

Table 2 shows a summary of the steps that the studestt foilow to solve this
question. In the first question, the student has to interpaetrttihis question we ask
to compute a joint probability; specifically the probabilifytlee intersection between
being a non-smoker and having no lung diséy$& N L¢). To solve this first
question, the student has to identify the joint frequenayesponding to the
intersection of these events in Table 1 and divide thigiéecy by the total of elderly
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people in the sample, i.e.:

P(S¢nLE) =222 =0.594.
212

Solution to question b.

In the second part, the student should identify the comditiprobabilityrs|L), the
probability of being a smoker, with the condition that thesperhas lung problems.

To compute this probability the student has to identifycthrdition and needs to use

the first column of Table 1; therefonasu_):%: 081. As the result should be

transformed to percentage, he must multiply the probab#it¥00 to obtain 81%.

In Table 2, we analyse the mathematical practices thatttident has to perform to
solve the problem, according to the steps described pidyioConsequently, the
student needs to remember some concepts (simplecamgbund experiment; simple
and compound events; dependence; simple probability; itmoral and joint
probability; complementary events; Laplace’s rule andqreage).

The student uses different mathematical language (wortsyanbols, to express the
events, the probabilities and the formulas); he needgeidorm procedures
(arithmetic operations; computation of different pralitds). He also uses some
properties (such as the relationship between the difféypes of frequencies in the
2x2 table and the idea of favourable and possible das#® experiments). The
student should identify the data of the statement; builtraad a contingency table
and apply Laplace’s rule. In addition, the student twsnterpret the problem
statement, and transform a probability into a percentdgesiudent must perform an
analysis-synthesis argument to summarize the solutionshésvn in Table 2 the
simplicity of the problem is only apparent due to the nemdd mathematical objects
and processes that the student should remember and use.

SUMMARY OF RESULTS

As shown, in the analysis of the solution for this prob{see Table 3) this process is
complex, and the student should remember to apply amtdine the different types
of mathematical objects considered in our theoreticaleveonk.

Some of these objects are complex, as shown in prevesgarch. For example,
Kelly and Zwiers (1986) described the confusion betwedependence and mutual
exclusiveness: while two mutually exclusive events asergilly dependent, i.e. one
cannot occur without the other, the contrary is not gaiyerue.

The language used is always numerical, verbal and @ienlsometimes graphs,
tables or diagrams built by the student are added. Asd®dglae arguments, every
problem always requires to carry out an analysis (dividivg statement and the
solution in parts) and a synthesis (composing the salutio

The same method of analysis was applied to the 36 prelgenposed in the tests in
the years 2003, 2008 and 2013. In Table 3 we showntathematical objects
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involved in solving the problems proposed in 2003, wimdtude difficult concepts.
For example, some students do not differentiate conditiandljoint probabilities
(Pollatsek, Well, Konold, & Hardiman, 1987). Other studemake frequent errors
when applying Bayes’ rule (Gras & Totohasina, 199%)ese errors may appear
when solving some of the problems proposed in the wityentrance tests.

Item solution Analysis
. | Statement: From a total of 212 - Data interpretation (procedure).
3 eldgrly people in a geriatric_ Simple events, simple and composed
£ | residence, 44 of them have lung )
Q i experiment, sample space for each
= | problems; 78 of them are regular .
i experiment (concepts).
o |smokers, and only 8 have lung
disease and are non-smokers
- - — )
g L LS [TOTAL Repqgmzmg the _ problem dala},
S building a contingency table;
£ S 36| 42 8 computing absolute frequencies |in
= s 8 | 126 134 some cells (procedures, concepts and
S .
S | ToTaLl 24 | 168 512 representation).
- Identifying a joint probability in the
statement (interpretation).
© 126 - Identifying  absolute  frequencies
c c _ 126 _ ; .
S P(§*NnL) =7 =059 (favourable cases) in the contingency
g table.
>
o - Ildentifying the total sample (possible
cases); procedure and interpretation.
— Applying Laplace’s rule (procedure)
- Identifying a conditional probability
and the condition in the problem
- statement; identifying the favourahle
= and possible cases in the first column
2 36 of the table (concepts procedure and
§ P(SIL) =7 = 0.81;81% interpretation).
o — Applying Laplace’s rule (procedure)
- Moving  from  probability tg
percentage (procedure).

Table 2: Analysis of the correct solution of the #gm P1A.

We consider that the student should enumerate the sapgte when it is explicitly
requested; the computation of a probability may be sinspl®pound or conditioned
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and may refer to a simple or compound event in a simpt®mpound experiment.
Sometimes the problem solution requires the computationeopttbbability of the
complementary of an event, the probability of the uniothefcompatible events or
the formula of conditional probability. Other times it is alsoessary to apply total
probability or Morgan'’s rules.

Problem
Content 1A 1B 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B
Sample space X X X
Simple event X X X X X X X X X X X X
Compound
X X X X X X X

event
Complementary x X X X X X
Laws of Morgan
Events union X
Simple
probability X X X x x X X X X X X
Laplace rule X X X X X X
Compound

. X X X X X X X X X X X
experiment
Joint probability x X X X X X X X X X X
Conditioned

e X X x X X X X X X
probability
Conditional

o X X X x X X X X X
probability
Dependence X X X X X X X X
Independence X X x X X X
Total probability x X X
Bayes rule X X X X X X

Table 3: Concepts, properties and procedures in thitkems of 2003.

In order to compare the presence of mathematical ohijedtse tests in the years
2003, 2008 and 2013 we present Figures 1 and 2. urd-iy we analyse half the
mathematical objects considered and the rest of them imeFRyuThe purpose of
using two figures is to facilitate the analysis of owults.

The enumeration of the sample space is hardly requesfgiditly, although in fact
the student usually have to form the sample space to coritisusolving process.
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While in 2003 and 2008 every problem involved computing pinobability of a
simple event in 2013 no problem proposed this computatn the contrary the
number of problems that asked to compute the probabilippofpound events was
larger in 2013.

Morgan's laws had to be used mostly in the problems pedpos2008 and also in 8
problems (of 12) in 2013. Laplace’s rule should hasenbdirectly applied in all the
2008 and 2013 problems and only in half the problenepgsed in 2003 (in the
remaining problems the probability should be computed usinéprmula; for
example, the product rule).

2T B ample space

10 B Eimple events

B Compound events

B Complementaty events
BLaws of Morgan

BTTnion of cwents

Zimple probability

- - i Laplace'rule
2003 2008 2013

Figure 1: Mathematical objects on problems.
In Figure 2 we highlight the variation of problems related@dompound experiments
(decreasing with time), although there is no much chamgjeei presence of joint and

conditional probability, because sometimes these problams set in simple
experiments.

10 |l Componnd experiment
"""""" "M Compound probability
W Conditional probability
Diependence

Independence

Total probability

2003 2008 2013 Bayes'rule
Figure 2: Mathematical objects on problems.
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Contrary to Ortiz (1999) research, we observe a stqumegence of conditional
probability problems, which involve numerous reasoning bigfsaz, Contreras,
Batanero, & Roa, 2012). Therefore this presence imgiesish to increase the
difficulty of the problems. There is variation in the consatien of independence or
dependence in the problems. Finally, since the Bayes theaireays involve the use
of total probability, this last topic is widespread in thelpems.

CONCLUSIONS

All the university entrance tests analysed include &alritity problem (one of the
four problems proposed to the students) related to comgpowjoint probability, and,
therefore, these concepts are given great relevantieege tests. The high school
curriculum in Spain includes other probability content, sashthe central limit
theorem; the normal approximation to the binomial distributibwe; law of large
numbers. Although the tests also include another probalpifibplem related to
inference (statistical tests or confidence intervals), itlésr that they give higher
relevance joint and conditional probability than to otherteot.

When analysing the mathematical objects included in theieo] we noticed that the
problems proposed in these tests are quite complex; theglénmany mathematical
objects and only in few examples request to compute @lesimrobability.
Furthermore, in these particular cases the students agd &skprovide proof for
some abstract properties of probability.

An indicator of the difficulty of the problems is the langeportion of them where
no application context is included; that is, problems that aslstiident to calculate,
simplify expressions or provide justification of abstrgrobabilities. Probability
knowledge and reasoning is needed in everyday or giofesd situations and the
assessment instruments reflect the type of content we wastuthents to learn. In
problems with no context, the multiple applications of probabitdy different
sciences are hidden to the students and their probatslityoning is reduced to
algebraic reasoning. Moreover, most problems require tck wdth dependent
experiments; apply a decomposition of conditional or comgpqunobabilities; use
the total probability or the Bayes’ rules or both.

To conclude, our analysis reveals the high difficulty af firobability problems
proposed to the students in the university entrance fstsscores obtained by the
students in these tests often determine that they cam #wir preferred career;
consequently, our results should be taken into accouttiebest designers in order
to build more reasonable assessment tests in the future.
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SEMIOTIC COMPLEXITY LEVELS AND ACTIVITIES RELATED
TO STATISTICAL GRAPHS IN CHILEAN PRIMARY
EDUCATION TEXTBOOKS

Danilo Diaz-Levicoy, Pedro Arteaga, Carmen Batandarja Magdalena Gea
University of Granada, Spain

In this work we analyze the activities proposed and th@aie complexity levels in

the statistical graphs included in two series of Chilean pryneducation textbooks
using content analysis. The most common activities relatdtete graphs in these
textbooks are performing computations, building graphs asidg the graphs as
examples. The most common complexity level was levetpBeg¢enting a data
distribution). These results also show (with smaller frequersc varied type of

activity and higher semiotic levels with increasing ageudents.

INTRODUCTION

The scientific and technological development of moderniespcrequires an
educational process that helps to promote the undersgaaflinformation, which is
becoming more abundant and specialized every day.

Statistical graphs play an important role in the communicati@hdissemination of
this information (Monroy, 2007). According to Arteaga, Betie, Cafadas, and
Contreras (2011) these graphs are widely used in effesituations of daily life.
Carvalho (2011) remarks that the presence of grapHestahd statistical summaries
in the media is aimed at summarizing information and fadilgaits understanding;
however, these representations are often used to gettsemedit out of particular
situations, and include biased information. Consequentiy itnportant that the
citizen knows how to read and interpret graphs, torenisis/her adequate integration
into our society (Arteaga, Batanero, & Contreras, 2011)

This need is reflected in the relevance given to statisticeadiye which Gal (2002)
defined as the union of two competences:

a) People's ability to interpret and critically evaluate statistifafmation, data-
related arguments, or stochastic phenomena, which thgyen@unter in diverse
contexts; ... and, when relevant; (b) their ability to discussoonmunicate their
reactions to such statistical information, such as thelergtanding of the meaning
of the information, their opinions about the implicatiafighis information (p. 2-
3).

Del Pino and Estrella (2012) compare statistical literacydiwibright, since people

should be able to use elementary arguments, languageasdo act in an informed
and critical way in the knowledgeable society.

These demands for statistical culture have beenidenesl in various curricular
documents, e.g., The GAISE project (Franklin, Kadeewiorn, Moreno, Peck,
Perry, & Scheaffer, 2007), the Common Core State Stdsdinitiative (CCSSI,
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2010), the Spanish regulations of the Ministry of EdocatCulture and Sports
(MECD, 2014) and the Chilean regulations of the Minisfrizducation (MINEDUC,

2012). These documents emphasize the relevance adtistht graphs, which
represent data coming from familiar situations and otsitevhere children
participate actively. Thus, as shown in the Chileanicular guidelines (MINEDUC,

2012), statistical graphs are approached throughout priethrgation from the first
level with increasing sophistication and with constantkfBiaz-Levicoy, 2014).

This background led us to start a research project ieteta analyze the way in
which the statistical graphs are introduced in the Chilgaimary education
textbooks, identify the main variables that may affect théficulty and use this
information to help teachers to organize the teaching ofojhie. Below we present
the study background and some preliminary results.

BACKGROUND
Statistical graphs

Statistical graphs have been analyzed from various pahtiew. Bertin (1967)

remarked that a statistical graph is a complex semiotic systece its understanding
requires the local interpretation of each element, asasedl global interpretation of
the graph. Moreover, Arteaga (2011), and Batanerogea@yed, and Ruiz (2010)
analyzed the semiotic activity involved in the constructionrapls, that varies in
complexity, according to the mathematical objects ng@u¢his process. Taking into
account this activity, the authors described four semietiels in statistical graphs
that will be used in our analysis (with examples reprodilcé-igure 1):

» Representing isolated datat this level, the graph only represents some isolated
data (either individual data or a few data), without comsgidehe whole set from
which the data were extracted. In these graphs, thigorawoes not need to
consider the ideas of variable or distribution, sinceomprehensive analysis of a
whole data set is performed. In the example repratiucéigure 1, only a dot is
represented in a scatter plot.

» Representing a data set without building a distributidhthis level a list of data
or a data set is represented in the same order in whécdata were collected.
There is no grouping of similar values of the varialble computation of
frequencies. Consequently, although in this graph tree afievariable is used, the
distribution is absent. Moreover, often the order of tha dathe graph is not a
numerical order, but is artificial. In Figure 1 the spea each kilometre is
represented with no order (of these speeds).

* Representing a data distributioThese graphs include the representation of a
distribution, with values and frequencies for each vale;arder of the variable
values in the graph axes (if used) is the ordinary nicalesrder. The example in
Figure 1 shows the frequencies of people going to theigmda the morning,
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afternoon and night. So there is a distribution for ait@iale variable (time to go
to the movies).

» Representing several distributions on the same graphhe highest level more
than one distribution is represented on the same graph. cftieis requires a
decision on a common scale that makes the graphstaddable. In the example
in Figure 1, the distribution of the type of food takenchyldren in two different
classes (two distributions) is compared on the samehgr
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Figure 1. Different levels of semiotic complexity i the graphs included in the
textbooks (Ti, <i<12).

Textbooks

There is increasing research on textbooks in differeptasarof learning and
mathematics is not an exception. Despite this reseaadition, the analyses of
statistics and probability textbooks are scarce, andnhéysis of statistical graphs in
the textbooks even more so.

A first study related to this topic is that by May (200&ho studied the statistical
graphs in 25 university textbooks directed towards pdggigis. The most common
graphs in these books were the line graph, histogransjtdesurve and bar graph;
most activities were directed towards the construction gfigrand the reading level
in Curcio’s classification (Curcio, 1989) was readthg data. According to these
authors these activities promote statistical literacy bustatistical reasoning.

Gobmez, Ortiz, Batanero, and Contreras (2013) studiethtigeiage of probability in
two series of Spanish primary education textbooks. Thsirlts suggest an extensive
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use of tabular and graphical representations (bgphgraectors, pictogram and
histogram); the authors did not analyse the variables theactierize these graphs.

Gea, Batanero, Arteaga, Cafiadas, and Contreras)(2044/sed the presentation of
correlation and regression in 8 Spanish high school tektharhey concluded that

the main graph used is the scatter plots around whicly emercises are set and in
which the students should analyze the sign and strendiheaf relationships. The

authors also found some bar charts, three-dimensiortaghasns and bubble graphs
in these textbooks.

Mateus (2014) analyzed 5 Colombian textbooks (primany secondary school
levels). These textbooks showed a predominance ofxtentated to the students’
life; the activities included some basic construction, and elentdrreading graphs;
the authors also identified some errors in the graphs.

Diaz-Levicoy (2014) studied the statistical graphs on a saofifdl®8 Spanish Primary
Education textbooks. He found that the most common septation was the bar
graph; usually the reading level in Curcio (1989) clas#ifim was "reading into the
data"; the semiotic level in the graph was "representafieandata distribution" and
the most common activity was building a graph or perfiogmcomputations from
data represented in the graph. Our research is inteéndsmimplement these studies;
in particular to compare the analysis of Chilean textbooks avithprevious study of
Spanish textbooks for the same educational level (Déazzhy, 2014).

METHOD

In this paper we follow a qualitative methodology, bagedaontent analysis (Lopez,
2002). The sample consists of 12 primary education tektbthat were selected by
intentional sampling, based on a controlled selection andrding to certain
characteristics that have been previously defined. Maeeigely, we selected
textbooks that were widely used in the schools in the adaderar 2013-2014 and
edited according to the curriculum guidelines for thesersesu The list of the
textbooks used in this research is included as an appendix.

We considered all the textbook sections that included statistical graphs
(exercises, examples, definitions, problems) or thatlied any activity related to
statistical graphs. Each paragraph where one or statistical graphs intervene was
an analysis unit. A total of 421 different paragraphs vgeatified and analysed; for
each of them the categories in the relevant variables weded; in this case we
considered the variables “semiotic complexity levels” ayg@e of activity”. All the
data were recorded in SPSS and the data file was analysetitdim come
conclusions.

RESULTS

Semiotic complexity levels

In Table 1 we classify the activities analyzed accordinthéosemiotic level of the
graph involved in the same (taking the higher level, in dasectivity involves two
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distributions). The predominance of level 3 is clear @sgnting a distribution in the
graph). Consequently in the majority of activities the childnave to work with a
data distribution (a 66% of the activities) that is, with gsapepresenting one or
more distributions (if we take into account levels 3 and®)ere are also 26.1% of
activities in level 2, where the data set is represented mod computation of
frequencies or building of the distribution.

School level (grade)
1 2 3 4 5 6 Total
Level
(n=43) | (n=65) | (n=95) | (n=38) | (n=87) | (n=93) | (N=421)
1 2.3 1.1 0.7
2 44.2 33.8 30.5 15.8 26.4 11.8 26.1
3 55.8 66.2 69.5 84.2 58.6 66.7 66
4 12.6 204 7.1

Table 1: Percentage of activities in the texts amged according to their semiotic
complexity level.

When we analyse this variable by school year we obskatén the first four grades
we only found levels 2 and 3 statistical graphs, with @mgtredominance of level
3, which gradually increase in these four levels. In @imion it would be reasonable
to include more level 2 graphs and even some levehdhgrfor such young children.
In grade 5 and 6, we found level 4 graphs, as welpagadic level 1 activities (just 3
activities, which correspond to scatter plots). These teeagkee with those of Diaz-
Levicoy (2014) in his analysis of Spanish textbooks; alghoin the Spanish
textbooks he found statistical graphs of level 4 from therskdevel of primary

education.

Type of activities

A second variable analysed was the type of activity that childre requested in
relation with the statistical graphs. These activities vedassified in the following
categories that were defined taking into account previesearches:

» Reading the graphn this activity a graph is given and children are ddkeread
the information displayed in the graph. The activity may Ivealifferent reading
levels according to Curcio (1989): reading the datadiregy between the data;
reading beyond the data or reading behind the datadi@veot differentiate this
variable in this paper.

 Calculation In this case children are given a graph and aredatskperform some
comparisons (for example, finding the mode) and / or Isingplculations (for
example, transforming a frequency to percentage), usiaginformation in a
statistical graph; this activity also involves reading the grayghsame additional
computations.
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« Building a graph In this activity children are asked to build a statisticalpy
using data presented in statistical tables or lists.

e Complete a graphSimilar to the previous activity; but in this case the chiid
finish the construction of a statistical graph according patéern given (the first
steps are presented to the children).

e Translating In this activity the children should build a new a grapkh the
information provided in another, or translate the gtapétable.

» Example This is the section of the textbook that uses atgtalarify ideas and /
or concepts.

 Invent a problemln this type of activity the children should create abf@m that
makes sense for data presented in a statistical graptthég.should generate a
context where the data are relevant and coherent.

« Comparing and justifyingStudents have to select a graph according to the nature

of the data, pointing out the advantages and disadvantdgbs specific graph
selected, and indicate the best form of presenting tleenmation (in a table or

graph).
More than one type of activity can be asked from asstl graph (e.g., some
activity ask to build a graph and later calculate fromghegph); in these cases to
perform this analysis we considered these activities sefyarate

In Table 2 we show the distribution of the types of dtitiy that we found after the
analysis of these textbooks. We observe that the mosteinegactivities are
computing (54.2%), building (19.2%), examples (15.2%mgaring and justifying
(9.7%) and reading (7.6%).

Reading, building, examples and comparing and justifgng included in all the

school levels. The activity “completing graphs” is présdnin the first levels to

guide the students when they are learning to build statigtiaphs. The percentage
of computation activities is high and increases with school.|lgve remark that this

type of activity does not help students to develop theitisital reasoning or

literacy; it is only a mathematical activity where the statidtgraphs are only a tool
to present data. Our suggestion is that this type of activitylg be less frequent and
changed by more interpretative activities.

Our results in this variable agree with those of Diaz-tawi(2014), where the
activities of reading, building and example predominateimyportant difference is

that computation activities were only 8.8% in the Spanish dekth while reading

activities amounted to 40% and therefore there were imtemretative activities in

these textbooks. Another difference is that the examgiespresented for the first
grade in Chilean texts, while in Spanish it is done from thergkgrade; finally, in

the Spanish books some activities asked to describe tkablearincluded in the
graph; while we do not identify these activities in the Chilexxt books.
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School level (grade)

Type of 1 2 3 4 5 6 Total
activity (n=43)| (n=65)| (n=95) | (n=38)| (n=87)| (n=93) | (n=421)
Reading 93] 123 95 2.6 6.9 4.3 7.6

Calculation 39.5| 477 42.1 63.2 59.8 68.8 54,
Building 20.9 20 30.5 10.5 10.3 18.3 19.2

N

Completing 9.3 6.2 2.1 2.4
Translating 9.3 1.1 1.1 1.4
Example 14 18.5 15.8 21.1 13.8 11.8 15.2
Inv. Problems 2.1 2.6 1.1 1
aﬁgﬁzﬁgﬁ‘ﬁg 93 | 15| 74| 237 115 108 9.7

Table 2: Percentages of tasks in primary educatiortextbooks according to the
requested activity.

CONCLUSIONS

Textbooks are a teaching and learning resource witmpartant tradition within the

classroom, because they provide support to teacherstaddnts throughout the
instructional process. It is therefore necessary to stody the textbooks present
mathematical and statistical topics as a first step to supgssible improvement in

their content and to check that they follow the curriculadgjines.

Statistical graphs are a new topic in Chilean primarycation and for this reason our
analysis is particularly needed. A first conclusion is [Hrge number of activities

(421 as compared with 215 activities in the same nurab&panish textbooks for

these curricular levels). Although this number (doubtepprtion of graph activities

in the Chilean books as compared with the Spanish bpo&sgides the teacher with

rich material, it is also important to guide the teacher witeria to select those that
will be used in the classroom, since it is clear that it iogsjble for the children to

complete such a large number of tasks.

The two common semiotic complexity levels in these baoks'representation of a
data distribution" and "representation of a dataset withmdyeing the distribution

(90% of all the activities). Although these two levels areraate for the upper

levels of primary education, and even level 4 (represehtingor more distributions

in the same graph), we recommend to include some rimopeslevel 1 situations for

the grades 1 and 2 as they appear in the Spanish texts.

We also recommend diminishing the emphasis on computatabnemforcing other
activities relevant for learning. For example, the actiwafy'completing a graph”
should be given more emphasis at all primary schoolldebecause this activity
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helps students to become familiar with new graphs as dheyintroduced in the
curriculum. The “reading” activity should have a higherspree in the early levels,
starting with simple “reading the data”, and progressin@uiin the levels of
“reading between the data”, “reading beyond the datal’“reading behind the data”
in Curcio (1989) framework throughout these schoolrgeln the same way, the
activities of "inventing problems" and "translating graplssiould have greater
presence as they are more cognitively challenging tiatesits and reinforce their
statistical reasoning.

We hope our results are useful for teachers and teactheators, who have the
responsibility to make statistical literacy a reality for evagyaand to develop
statistical sense (Batanero, Diaz, Contreras, & R@HE3) in children and teachers.
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USING MODELS AND MODELING TO SUPPORT THE
DEVELOPMENT OF COLLEGE-LEVEL STUDENTS’
REASONING ABOUT STATISTICAL INFERENCE

Maria Meletiou-Mavrotheris, Marina Appiou Nikiforou
European University Cyprus, Cyprus

The article describes a teaching experiment that tookeplm a post-graduate
guantitative research methods course, which puts modelsnaaelling at the core

of the curriculum. Using the affordances of the dynamitwsoe TinkerPlots2,

students engaged in various open-ended Model-Elichictivities (MEAS) in which

they had to create and test statistical models and use thesnlve complex, real
world problems. Findings indicate that the focus of instructbtonmodelling and

simulation, using TinkerPlots2 as an investigation tool, festestudents’ ability to

reason about the stochastic. Through building models aimy ubem to evaluate
research claims and hypotheses, graduate studerusristudy developed relatively
coherent understandings of fundamental concepts retatstatistical inference.

INTRODUCTION

Although statistical inference is the cornerstone of enodstatistical methods,
grasping the key ideas related to inferential statistics isoarkrarea of difficulties
for learners, at all educational levels (e.g., Garfield &lghdn, 1998; Rubin,
Hammerman, & Konold, 2006). Research has long sughdbts students have
difficulty using inferential statistics methods appropriatelyapplied problems. For
example, research on introductory college-level statisticeses suggests that even
students who can successfully implement procedureshypothesis testing and
parameter estimation are often unable to use these presedppropriately in
applications (e.g., delMas, Garfield, Ooms, & Chance,72@ardner & Hudson,
1999). As Erickson (2006) points out, “inference is sodhhat even professional
researchers use it inappropriately” (p. 1).

Traditionally, introductory statistics courses adopt adm hierarchical approach to
the different statistical topics encountered in the codrse.structure of almost every
introductory statistics course is to first start with descriptivé exploratory data

analysis, then move into probability, and finally go to infitied statistics. Statistical

inference is presented as a set of formal tests andeqwees, through which
information contained in sample data is used to either estinth& respective

population parameters (i.e., construct confidence intgrvaldo check claims made
regarding the values of population parameters (i.efoqme hypothesis testing).

The article shares some of the experiences from a tggeRperiment in a graduate
level, quantitative research methods course, which adeptédformal, data-driven
approach to statistics instruction, with models and modellinghe core of the
curriculum. Using the dynamic statistics software TinkerPlots2ra investigation
tool, the study sought to answer the following question:
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How can the model building affordances provided #&ytechnological learning
environment like TinkerPlots2, be utilized in ingttion to scaffold and extend students’
reasoning about key ideas related to statisti¢alémce?

LITERATURE REVIEW

Models and modelling are paramount to understanding dhe logic of statistical
inference. The appearance in recent years of dynantigtissalearning environments
with model eliciting affordances (e.g., TinkerPlots2 (Kah& Miller, 2011), and
Fathom© (Finzer, 2002)), have provided an enormous npatefor making
inferential reasoning accessible to students. These sefaxa designed explicitly to
support integration of exploratory data analysis appremealmd probabilistic models,
and to allow for model generation and experimentation, (@gwing samples from a
model, improving models, conducting simulations). Thewioie a medium for the
design of activities that integrate experiential and formakgs of knowledge,
allowing students to make direct connections between miysiperience and its
formal representations (Paparistodemou, Noss, & Pra@i8)2 Students can build
models to evaluate claims and hypothesis. They can atgcthieir informal theories
and use them to make conjectures, and then use exptximesults to test and
modify these conjectures.

Several researchers have, in recent years, been tengldhe model-eliciting
affordances provided by dynamic statistics softwarg@fomoting learners’ ability to
reason and argue about data-based inferences, withemeouraging results (e.g.,
Biehler & Préommel, 2010; Erickson, 2013; Garfield, detM& Zieffler, 2012;
Konold & Lehrer, 2008; Meletiou-Mavrotheris, 2003).nS®of the conducted studies
have demonstrated that even young children can develoerful notions about
inference when using appropriate data visualization teofs, (Meletiou-Mavrotheris
& Paparistodemou, 2015).

METHODOLOGY
Context and Participants

The teaching experiment took place in a Quantitative Relsesiethods course
targeting graduate students enrolled in an M.A. in Edutalti&tudies program.
Class met once a week, for three hours each time, gveri@ of four months. The
first author was the course instructor. There were ningfeel9) students enrolled
in the course. Participants were either pre-service or irieseteachers, who were
characterized by diversity in a number of paransetecluding age, and professional
and academic background. Their age ranged from 22.t&dme had an academic
background in primary education, while the rest were reday school teachers in
different domains (languages, humanities, natural scieptgsijcal sciences etc.).
Students had a varied background in statistics. Most of tiee pédticipants had very
limited exposure to statistics prior to the course and hadrrfermally studied the
subject, while the younger ones had typically completedntroductory statistics
course while at college. However, even those studehts had formally studied
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statistics in the past, had attended traditional ledtased statistics courses that
made minimal use of technology. Thus, upon enteringcthese, almost all of the
students had very weak statistical reasoning and demey to focus on the
procedural aspects of statistics.

Course Curriculum and Didactical Approach

The study employed a non-conventional approach to #ehiteg of the Quantitative
Research Methods, which put models and modelling at tleofdhe curriculum. In
designing the teaching experiment, we ensured that tanvémtion covered the set
curriculum included in the course syllabus. However, wgaeded the curriculum by
including, throughout the semester, activities that aimédragsing students’
awareness of models and modelling, and of their usegalin research settings
involving statistical investigations with stochastic phenomena.

The course focus on modelling—along with inference—lamg facilitated by

having students use the dynamical statistical software gackakerPlots2 for all

modelling and analysis. The class meetings took place inctimputer lab.

Throughout the semester, students were using Tinke2Ptotsvork on a set of
carefully designed open-ended Model-Eliciting Activities (MEQAS)sh et al., 2000)
in which they had to create and test statistical modedsder to solve complex, real
world problem of statistics and provide answers to the@ate$ questions (Garfield,
delMas, & Zieffler, 2010). The activities were carefullysidmed to support but, at
the same time, also explore students’ evolving understamaihghe fundamental
ideas related to statistical inference in the context of engaiginmodels and

modelling for simulating data and evaluating their reseataims and hypotheses.
Some of the MEAs were completed individually, and othellalmoratively in groups

of 3-4 students. The MEA “Helper or Hinderer’ (adapted from

http://www.tc.umn.edu/~catalst/materials.php), shown in Figlyeis a typical

example of the activities in which students engaged duhie course.

Methods of Data Collection and Analysis

In examining students’ learning progress, a variety ofhbqualitative and
gquantitative data gathering techniques were used: -classrobservation,
videotaping, interviews of selected students, and studemktsamnples.

Through careful analysis of the collected data, we dectied the ways in which
ideas related to models and modelling were understoodtdizéd by students in the
context of making informal statistical inferences from datang Tinkerplots2 as an
investigation tool. We examined how learners’ endeaveitts TinkerPlots2, but
also with MEAs, impacted the development of their undeding of statistical
inference from the simplest forms (informal) to the mamaglex ones (formal).
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Ton all recognize the difference barveen naughty and nice, mght” What abour children less than a year old—do
they mecognize the difference and show o prglmence for nice over noughty” In a study reporied m the November
2007 issue of Nanre, researchers fmvestigmed whether oyl take into account an mdhidieal s actions fowands
others i ovaluatimg that indhidual ar appealimg or aversive, perhaps laying jor the foundanon for social
mperacion. B one componar gf the smudy, 10-month-old syfamiz ware shown a “climber” characier @ piece of
wood with “google” qres ghed ondo 1) thar conld net make 1t up a kil in rwo mies. Then they were alternately
shown nwo scenarios for the climber s ngxr oy, one where the climber was pushed ro the top gf the kill by another
characrar (“helper”) and e where the chimber was pushed back downm the Rill by another character
(“hinderar”'). The fmfant was alienately shown these nvo scenarios several fimes. Then the child war presenied
with both pieces of wood (the helper and the hinderer) and asked o pick one to play with. The mesearchars foumnd
thar the I4 gf the 14 igftmzz chose the helper over the finderer

Research Qroestion: Are infants able to notice and react to helpful or hindering behavior observed in others?
L 'What proportion of these infants chose the helper toy?
2. What does that suggest about the answer to the research guestion? Explain

3. Suppose for the moment that the researchers’ conjecture is wrong, and infants do not really show
any preference for either type of toy, In other words, infants just blindly pick one toy or the other,
without any regard for whether it was the helper toy or the hinderer. This is the model based on
random chance, If this is really the case (that infants show no preference between the helper and
hinderer], is it possible that 14 out of 16 infants could have chosen the helper toy just by chance?

4. Would the observed result (14 of 16 choosing the helper] be surprising if infants had no real
preference or not? How strong do yoo believe the evidence is against the chance model?

You are going o se1 up & Tmkerplots sinmlation to mode] the process of 16 hypothencal infants making
their selection: nsing random chance. The model m this simaton—and in many other simations—reflacts

the sssumpaon of no preference, or nothing affecting their selectdon other than random chence. Becanse of
this, statisticians sometdmes refer to the modsl &= the noll model. Write a brief description of the null
medel you will boild based on the assumption of no preference, Be sure that you explicitly identifiy
each of the following in your description: number of trials, potential outcomes of a single trial:
probabilities of the potential outcomes; sampling with or without replacement.

4. Based on your description of the modsl, s2t up the model in TinkerPlots

&n

7. Carry out the simulation study to obtain a large number simulated outcomes when the infants really
have no preference and are simply picking a toy at random. Keep track of the number that pick the
Helper toy in each experiment, and sketch in the results of your simulation study below.,

B, [Isthe obzerved result from the orignal expeniment likely or unlikely under the null model? What
does this suggest about the null model? Explain.

%, (Quantify the sorength of evidence for the observed result (14 out of 16 infants choosing helper toy],
10, Based on your analysis, kow sirong is the evidence against the null model?

11, What does this suggest about infants making their selections based only on random chance?

12, Ts there & theoredcal dismbution. which conld be used 1o mode] the experimen:? Tustify vour answer.

13, What ssumptons do you need 1o make? Are thess assumpton: the wame or different to the assumptons
vou msde for the summlation? How likely are they to be tue?

14, Whar are the parameter{s) of the disoibubon”

15, Using this disoibution. estinate the probabibity of at least 14 out of 16 infants randomly choosing the
helper toy.

16, Compare these probabilines with your simmlanon

17, Towhat extent has Tinkerplots belped you {or mot) to consmuct the theoretical probabilistc dismbution?

Figure 1: “Helper or Hinderer” Model-Eliciting Acti vity.
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RESULTS

The teaching experiment focused on building conceptualrstaaeling of the big

picture of statistics rather than presenting statistical obrate a sequenced list of
curricular topics. In order to provide an authentic manfethe statistical culture,

instruction encouraged statistical inquiry and data modelatber than teaching
methods and procedures in isolation (Lehrer & Sclea@®05).

A progressive formalization approach was employed. Tisé part of the course
focused on building a teaching pathway towards fornfatémce by helping students
experience and develop the ‘big ideas’ of informaferi@nce. Through their
engagement with the open-ended MEAs, students leavhede these ideas apply
and how. Later in the course, students were introducembriirmatory or formal
inference methods, and began comparing empirical probabiliftt the theoretical
ones. They learned the formal procedures for buildingpfiag distributions,
constructing confidence intervals, and conducting Hygsis testing.

The course content and structure was such that it esged “statistical
enculturation”. Statistical thinking was presented as a egighof statistical
knowledge, context knowledge, and the information in the daorder to produce
implications and insights, and to test and refine conjes. The MEASs put students
in a variety of authentic contexts where they needed statistiols to model and
make sense of the situation at hand. Probability wasraeepted as a body of clear
and unambiguous generalizations free of any condra@pretations, but as a
modelling tool. Probability distributions were presented aslelsobased on some
assumptions which, when changed, might lead to chaingtee distribution. The
emphasis was not on teaching their formal properties, ooutelping students
understand why and where one could use these prdapahsiributions to model a
certain phenomenon, and in what ways this is useful.sith#arities and differences
between these ideal, mathematical models of reality, andtistatimodels based on
experimental data were emphasized throughout the coersm informal uses of
models early in the course to formal uses as part offisignce tests at the later part
the course, we were encouraging explicit discussion aff levery model is
essentially an oversimplification of reality which invadvess of information, and of
how the success of probability models depends on thautipally, and on their
potential to give useful answers to our research qumsstio

The “Helper or Hinderer” MEA shown in Figure 1 is a clutesstic example of the
type of activities in which students engaged during the eawdigs jpf the teaching
experiment. This activity, which is briefly described nexved as an informal
introduction to the logic and process of hypothesis testing.

“Helper or Hinderer” MEA

The “Helper or Hinderer” MEA is based on an actual neseatudy reported in a
November 2007 issue ofature (Hamlin, Wynn, & Bloom, 2007), in which
researchers investigated whether infants take into accoumdavidual's actions
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towards others in evaluating that individual as appgalinaversive. Sixteen (n=16)
10-month-old infants were shown a “climber” charactet twald not make it up a
hill in two tries. Then they were alternately shown two aces for the climber’s

next try: a scenario where the climber was pushed ttophef the hill by another

character (“helper”) and a scenario where the climizes pushed back down the hill
by another character (“hinderer”). This was repeameml times. Then the infant
was presented with both characters and was asked koope& to play with. The

researchers found that the 14 of the 16 infants chodeetper over the hinderer.

After reading and discussing the scenario with the otembers in their group,
students concluded that the experimental result providedircing evidence that
infants had genuine preference for the “helper” toy.yTdie considered the fact that
87.5 percent of the infants (14 out of 16) chose thelper” character as strong
indication that children are able to notice and reabelpful or hindering behaviour:
“P = 0.875 is strong indication that the findings have octurred by chance, i.e.
that children did not just randomly pick among the two sypiecharacters”.They all
thought that the observed result would be very unlikely tuod infants had just
blindly picked a toy: There is strong evidence against the null model of no real
preference between helper and hinderer”; “Babies seene &b evaluate others’
behaviour and to show preference towards charactershvelpful behaviour”.

Next, each group of students moved to TinkerPlots2 iara@model the experiment
and find the likelihood of the observed result (14 or nioignts choosing the helper
character) to have occurred by chance. The needajey model the situation
forced students to think carefully about the problerd &a context. All groups
initially faced some conceptual difficulties in modelling the peab at hand,
eventually however they were all able to appropriatdehthe situation based on the
null model of no real preference among infants. They $iraulated a single sample
of 16 hypothetical infants under the null model and reguetite process of simulating
a single trial several times (see Figure 2):
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Figure 2: Outcomes of single sample simulations, der the null model, of the “Helper
or Hinderer” MEA.

Comparing of the results obtained from different repetitiohshe experiment,
helped students to begin developing some sense of thetedpeariability in the
number of infants picking the “helper” toYResults vary but 14 or more infants out
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of 16 selecting the “helper” character never occurs. Thuseems that infants really
have a preference and are not just picking a toy atlean”.

Acknowledging the need to repeat the experiment a lg&ge number of trials to
draw safer conclusions, students next chose the “Collecistifatfeature of
TinkerPlots2 to keep track of the number of students gicltie “Helper” toy each
time. They next asked the software to repeat the expdrinkange number of times
and to draw the resulting distribution of sample statistics.igare 3, for example,
we see the distribution of sample statistics drawn by apgod students who repeated
the experiment 2000 times.

400- 0(0%)| 0(0%) 5(0%) 21(1%) 68 (3%) 113 (6%)231 (12%) 348 (17%) 39i/ 365 (18%) 244 (12%) | 138 (7%) | 48 (2%)| 27 (1%)| 3 (0%)

o i i l '
© -
o oo OO @ % oot | . . .. o0

B s O el B

Figure 3: Histogram of sample statistics for the “Helper or Hinderer” MEA - A
measures collection of 2000 samples.

Looking at the histogram of sample statistics, students nagiations such as, for
example, that'a number as high as 14 or higher is very rare sindmast all
numbers in the graph are smaller than 1Zhey also noted thdthe distribution of
the collected statistics is normal and its center is clos® tehich is the mean
expected value if we assume no real preference among inhfartas, students’
engagement with this activity enabled them to grapple aiitth to intuitively grasp
challenging inferential concepts such as the p-value andetfitral limit theorem.

Finally, students used the properties of the binomial distoibito determine the
theoretical probability of at least 14 out of 16 infants cemy choosing the “helper”
toy under the chance model. They found this probabilibetgery small (p=0.0021),
and very close to the empirical results they had obtainéty ube computer
simulation. They again concluded that it was not mesetpincidence that so many
infants picked the helper toy:

count_| mfams Helper

“Based on our analysis, there is strong evideneénagthe null model. Looking at both
the empirical results and the theoretical probaddj it becomes obvious that infants are
able to recognize helpful or obstructive behavawards others and to show preference
for the helpful toy”; “The experiment showed thafaints are not making their selection
based on chance, but tend to choose the helpefheyreasons for this tendency warrant
further investigation by researchers.”

The study participants engaged in several MEAs similarainre and format to the
“Helper or Hinderer” task. Using TinkerPlots2, studdnidt and modified their own
models of real world phenomena, and used them to iadtyrtest hypotheses and
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draw inferences. Their engagement with data-driven inéeerhelped them to
develop sound informal understanding of the logic ofoltiyesis testing and its
related statistical ideas (significance level, p-value, nul alternative hypothesis
etc.), and served as a foundation for the formal st@idyferential statistics.

Despite the fact that the simulation approach did giveemts rich insights that
helped them better understand and appreciate the meanipgwad of fundamental
inferential concepts such as the central limit theorem, ksagnplistribution, and
hypothesis testing, the introduction to the formal proceslufor conducting
hypothesis testing still caused difficulties to severaltld study participants.
Whereas almost all students in the course seemed verfprtaliohe with the process
of informally building distributions of sample statistics (i.empéing distributions)
and making inferences, several of them got very puzaled intimidated when
abstract notation and procedures were first introdulcethe beginning, students had
difficulties in using traditional tools such as z, and t. Evalhtythe modelling,
simulation-based approach gave them insights that h#iped better understand and
appreciate the meaning and power of these formal irtfateiools. Comparing
empirical probabilities with the theoretical ones helfremm make direct connections
between the formal and the informal. There were sdaueats in the class who, due
a poor mathematical background, even at the end oftheser still confused basic
statistical notation. However, the conceptual understgndi the logic of statistical
inference that even these students had was much bettpared to what is typically
observed in students completing similar courses that emplwmg monventional,
lecture-based approaches.

CONCLUSIONS

The current study has provided some useful insights hew use of technology can
help to scaffold and extend students’ statistical reagathirough the adoption of an
informal approach to statistical inference, with model$ mwodelling at its core. The
study findings indicate that the didactical approach eyagloin the teaching

experiment, which made modelling, generalization and justifin an explicit focus

of instruction, fostered participating students’ ability to oeaand make appropriate
data-based inferences. It helped learners develop robezent mental models of key
statistical ideas related to statistical inferences.

Thus, adopting an informal approach to statistical inferensieg a technological
tool like TinkerPlots2 as a tool for investigating authenticermpnded model-
eliciting activities (MEAS), can help promote powerful wafghinking statistically,

while at the same time also developing students’ appi@tifor the practical value
of statistics (Garfield et al., 2012). Use of the safiis model building affordances
can stimulate active knowledge construction and extend regidsbility to produce

reasonable inferences. Of course, the conceptualcutfés students have to
overcome when working with experimental probabilities angilar to those they

encounter when dealing with theoretical probabilities.yT$tél have to understand
the real problem to model it properly. However, the expeariadleapproach gives

51



Meletiou-Mavrotheris, Nikiforou

students a more concrete take on the problems. Thrbuiting data models to
make sense of the situation at hand, students canlpaigeriment with statistical
ideas, examine the interaction between the data at hdnti@theoretical model, and
construct more powerful meanings of both informal amchéd inferential ideas.

Simulations take longer and empirical probabilities do naictyx match their
theoretical counterparts, thus it is still necessary for stadenlearn streamlined
statistics. This is particularly the case for graduatel Igtvelents like the ones in the
current study, who were enrolled in a quantitative reseanethods course.
Nonetheless, because the logic of inference is much omaterstandable through a
data-driven, model-based approach, such an apprbackdsvork hand-in-hand with
more formal approaches to inferential statistics.
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USING TINKERPLOTS SOFTWARE TO LEARN ABOUT
SAMPLING VARIABILITY AND DISTRIBUTIONS AS A BASIS
FOR MAKING INFORMAL STATISTICAL INFERENCES

Luis Saldanha
Université du Québec a Montréal, Canada

We report on an instructional study involving the usdiokerPlots" software to
generate distributions of a sample statistic as a basis fdeniaformal statistical
inferences. Activities engaged students in comparing multipiplsa of two groups
of organisms on a common attribute, with the aim thay:tli¢ make sense of a
TinkerPlots simulation that produced distributions of a samialéstic in context, 2)
interpret a sequence of such distributions in relation to ingirepsample size, and
3) infer a value of the sampled population attribute. Walligt aspects of students’
understandings of a sampling distribution in context, artth@if abilities to track the
multi-tiered re-sampling process that began with a populatioth @ulminated with
distributions of the sample statistic on which they badlkent inferences.

BACKGROUND AND FRAMING

Our information and data-driven age makes statistical ideemsaking and inference
one of the most important schemes of ideas to target hnokcmathematics
instruction (Garfield & Ben-Zvi, 2008). The apparentitogf inference centers on
the idea that the value of an attribute of a population ofdste— the whole of which
is usually not directly accessible — can be inferred onlireéatly, by examining the
same attribute for a sample that is randomly chosen thatpopulation. In practice,
such inferences are typically made on the basis dhglessample drawn from a
population. Yet, randomly selected samples have outcdwadises of a particular
statistic) that typically vary from sample to sample. Rgbin, Bruce, and Tenney
(1991) have argued, the ability to balance and coordittegee two seemingly
antithetical ideas — that of individual sample representatsserad the idea of
sample-to-sample variability — is key to a coherent undwalgtg of inference. The
challenge for instruction, as Rubin and colleaguesi(Lf@me it, is to have students
integrate these contrasting ideas of representativenessaaability into the unified
notion of a sampling distribution. Saldanha and Thomps007(2p. 275) echoed
Rubin and colleagues’ argument in that “...we do not s&ethe normative practice
of drawing an inference from an individual sample to jautetion can be understood
deeply without reconciling the ideas of sample-to-dampriability and relative
frequency patterns that emerge in collections of valiassample statistic...”.

Over the last fifteen years the development of softwasigded specifically to
support the learning of statistics with a focus on interigtiand dynamic
visualization (e.g., Finzer, 2012; Konold & Miller, 2011ashmade the use of
sampling simulations and the generation of associated sgmglistributions
increasingly common in statistics instruction at the high sclaal and beyond.

54

Saldanha

Statistics educators and researchers have exploredeanothmended the use of
simulation-based statistics instruction and curricula to stigher development of
students’ understandings of inference (e.g. Garfield éh-Bvi, 2008; Zieffler &
Garfield, 2007). This paper reports on an effort in theén involving a group of high
school students’ engagement with simulation-based inginadtiactivities using
TinkerPlots™ (Konold & Miller, 2011) — an interactive and dynamitata
exploration and simulation software — to support their abittynake distribution-
based informal statistical inferences.

THE STUDY AND INSTRUCTIONAL SEQUENCE
Participants, instructional context, and data corpus

The paper reports on the second phase of an instruciibesvention that engaged
an intact class of twenty-thre&-grade students (14 and 15 year-olds) in three 65 to
80-minute lessons in a school located in a suburblafge city in the Southwestern
United States. Instructional activities involved the useTiokerPlots software to
explore and analyze data sets in a first phase, arskguéntly to simulate re-
sampling and use the resulting sampling distributions asse liar inferring a
population parameter’s value in a second phasee8tsiccame into the study with
some prior statistical knowledge and skills acquired biththeir previous
coursework and outside of school. For instance, mostheoftudents understood a
sampleto be a “small part” of a larger collection of items thatldobe used to
indicate information about a characteristic of the latter. eSttsd knew how to
compute the arithmetic mean of a set of values, and thew lka procedure for
finding the median (“the middle value”) of a data set. Sttalalso demonstrated an
ability to construct and use dot plots and histograms to campad draw
conclusions about two data sets. Students had not previbegly exposed to
TinkerPlots nor had they previously engaged with re-sampling activiiiebeen
exposed to distributions of a sample statistic as predifeepeated sampling.

The author oversaw and orchestrated the unfolding ah#teictional sequence and
class discussions that emerged therein, while an ass@taatved and took field

notes. Instruction was organized around students’ individogk imterspersed with

small and whole group discussions of ideas addressstiuictured activity sheets.
The lessons and class discussions were recorded withl digik@ cameras, and all
students’ written work on activity sheets and a fieahm were recorded. Each
student took part in a video-recorded exit interview condiueithin one week of the

end of the instructional sequence. The overarching @sgaal was to gain insight
into students’ thinking and understandings of ideas ptechin instruction in relation

to their engagement with that instruction. The data weaenaed for indications of

students’ abilities to coordinate and integrate the ideas gfleam@presentativeness
and variability into an understanding of sampling distiitms, as per Rubin and
colleagues (1991) perspective. In particular, the date eamined for evidence of
the sense students made of sampling distributions getidrat€inkerPlotsand of
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whether and how they used them as a basis for makfagentes to the sampled
population.

The instructional sequence: Lessons 1-3

The phase of the instructional sequence reported herageshgstudents in an
investigation designed to foster their ability to make infererioea population by
considering the variability amongst outcomes of samples edmmon size chosen
from that population, and by comparing the variability asrdlistributions of a
sample statistic generated from collections of such sangblégferent sizes. The
investigation centered on two big statistical ideas: 1) nanstimpling can be used to
draw conclusions about the sampled population, and rgerlasamples lead to
sampling distributions that tend to be less variable andehkad to more confident
conclusions about the population. The context for the figa®n revolved around
the following opening scenario that involved testing whethgpexies of genetically
engineered fish tends to grow longer than normal figty (®urriculum Press, 2011):

A fish farmer stocked a pond with a new type ottieally engineered fish. The company
that supplied the new type claims that these fidlgrow to be longer than normal fish.
The farmer decided to test the company’s claimtbgking the pond with 625 fish, some
normal and some genetically engineered. When #te iere fully-grown the farmer
caught a sample of 130 fish from the pond and nmredstine length of each fish in his
sample.

TinkerPlots sampling simulator tool was introduced and used througthis part of
the sequence to efficiently generate data and collectionarafom samples of
various sizes from the population of fish, and to grapilyicksplay the distributions
of the resulting sample statistic.

Lesson 1 The first lesson introduced students to Eish Farmerscenario shown
above (adapted from Key Curriculum Press, 2011, amdoki, 2005), framing the
issue as one of a skeptical fish farmer wanting to testtkim that a genetically
engineered type of fish tends to grow longer than anabtype. In the opening part
of the investigation, prior to divulging the fish farmer'spegach, students were first
asked to consider how the farmer might go about testamgléim. The ensuing class
discussions focused on issues of data collection and selaatépyesentative sample,
providing occasion for students to consider possiblesvimyvhich the farmer might
proceed. Students then examinediakerPlotsdata file showing the lengths of the
two types of fish in the farmer’'s sample of 130 fishey¥ explored the data using
TinkerPlots graphical tools and techniques that they had learndfieimpreceding
phase of the sequence (see Figure 1 for an examplebf; students considered the
group differences and what they suggested about théhten§the two types of fish
in the population on the basis of what they observedigdingle random sample.
The big statistical idea promoted in this lesson was thatihdomly selected sample
is assumed to be representative of its parent populatiem,ttban be used as a basis
for making claims about that population.
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Figure 1: Two students’ use ofTinkerPlots tools to analyze a sample of 130 fish-
lengths, separated into lengths of normal fish andgenetically engineered fish in the
sample.

Type

Lesson 2 The second lesson introduced students to the idea thptisgrautcomes
are expected to vary from sample to sample, were dahglgig process repeated
under essentially the same conditions, and that such vayiathiétefore poses a
problem for making inferences to an underlying populationttee basis of any
individual sample. At the same time, the lesson aimed lp $teidents begin to
understand that the variability amongst samples exhibitsrpatthat are predictable
over the long run, and that such patterns can be distbynanalyzing collections of
sampling outcomes. The lesson began by having studdigst ren whether they
would expect to obtain similar or different results if anotemple of 130 fish were
randomly drawn from the fish farmer’s pond. Studemse then prompted to reflect
on whether a sample of 130 fish is big enough to magenéident claim about the
sampled population, and to share and justify their intuitadomut this question. The
lesson then moved to a more systematic exploration sktheestions by having
students us@&inkerPlots sampling simulator to generate several samples of §@e 1
and then of size 15, from the simulated fish populatioe (Sgure 2). Students
recorded the median length of each type of fish inrapss and the difference
between these medians as a measure of the groupeddés (i.e., difference between
the median length of two types of fish in a sample). Edudisplays th&inkerPlots
set-up that the instructor and students used in this igadisth; the simulator (left
hand tool) used a mixer device to represent the populatioxed fish.

Each selected sample of 130 fish was representedcase table displaying each
fish’'s type and length. The case table was linked tordared and stacked dot plot
showing the distribution of lengths of fish in the gden separated by type and
displaying the median of each type as well as the differbatte@een medians using
TinkerPlots ruler tool. Each row of the table at the bottom of Fig@ recorded the

value of the three measures for a sample (median lefgtach type of fish and the
difference between those medians) generated by ruthengimulation once. The
four representations displayed in Figure 2 were dyndlyiliaked and automatically

updated with the results of each new repetition of thelaben sampling experiment
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(enacted by pressing the “run” button in the sampler tésd)such, students were
able to observe the emergence of the value of the sastailstic (difference between
median lengths of the two types of fish) and to trackvér@bility in its values as the
repeated sampling process unfolded. Indeed, it wag@itiegoal of instruction that

students conceptualize the sequential sampling processtat vith the population

and culminated with the results displayed in the bottorte tednd later with a dot

plot displaying the resulting distribution of the sample statiacshown in Figure 3).

This goal was addressed more explicitly in Lesson 8gasribed in the next section
of the paper.
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Figure 2: A TinkerPlots simulation of sampling 130 fish from a populationof 625
mixed fish. The table at the bottom shows the thremeasures recorded for seven trials
of the sampling experiment.

Students explored the patterns in these measures gendmatsimulating the
sampling experiment seven times; they identified simiewiind differences among
the resulting medians and difference in medians for ¢fleation of seven samples,
and they used their observations as a basis for girmphow this might help test the
claim that genetically engineered fish tend to grow longen thormal fish in the
larger population. Class discussions around this exploratiowcased students’
perceived patterns, culminating with a general consenisas the genetically
engineered fish in the population were inferred to baéwben 4 and 7 centimeters
longer” than the normal fish.

Lesson 3 The final lesson built on the activities and issues raisddegson 2 by
having students examine the effects of sample size oratrability of the difference
between median lengths of fish that they had previouslyoeeg only for seven
samples. The lesson began with a demonstration andssiisouof theTinkerPlots
simulation of selecting 50 samples of size 15 from the Isi®d fish population
(following the set up shown in Figure 2), culminating with thiespntation of a
distribution of the difference in median lengths for eacthef50 simulated samples
as shown in Figure 3.

58

Saldanha

I. Here is a distribution of the difference between the median lengths of genetic and normal

fish for 50 sam:les of size 15 selected at random from the : ond contajnini 625 fish.
Difference in Median Lengths (sample size =15) Optons
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1. Describe what the darkened dot represents:

2. What information is shown by this dot?

3. How was this information obtained? Describe the sequence of steps in the sampling

process that produced the information shown by the darkened dot.
Figure 3: A sampling distribution and accompanying prompts from the opening
activity of Lesson 3.

Discussions around this demonstration centered on hatudgnts track and explain
the process of how the dot plot of the sampling distributiontess from the sampler
in terms of the various intermediate objects producedh&pimulation and shown in
the TinkerPlotswindow, as displayed in Figure 2. This activity aimed tp lstudents
build and solidify their imagery of the repeated sampling ggs@nd their meaning
for the resulting sampling distribution displayed in Fig@eThe accompanying
activity prompts also assessed the strength and robusihessdents’ imagery by
having them work backwards from a particular point ondititeplot and explain what
it represented and the process that produced it. The agreipared students for the
subsequent part of Lesson 3, which required that thepleeto decode and interpret
a sequence of such dot plots coherently.

In the second part of Lesson 3 students examinednéerpreted a sequence of five
distributions of the difference in median lengths, eactb®simulated samples of a
different size drawn from the fish population. Studemntangned and interpreted
these sampling distributions in relation to the increasesmplsasize. A subset of
these distributions and the accompanying activity promptdigpéayed Figure 4.

11. Here is a sequence of distributions. Each one is of the difference between the median length of
genetic and median length of normal fish for 50 samples of a given size selected at random
from the pond containing 625 fish.

Sample size= 15 Sample size = 150 Sample size = 250

ii.

e B ="

4. Compare these distributions for the various sample sizes. What do you notice about these
distributions as sample size increases?

5. What is a big enough sample of fish for the farmer to pick from the pond in order to confidently
test the company’s claim that genetic fish tend to grow longer than normal fish? Please explain
why you think this.

6. Estimate how much longer the genetic fish in the pond tend to be than the normal fish. How
confident are you about this estimate? Please explain.

Figure 4: Prompts and a subset of the distributiongrom the final activity of Lesson 3.
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The first prompt (Question 4) aimed to orient studeat&ntion to the fact that the
clustering of the sample statistic becomes increasitgiypact (its variability
decreases) with increasing sample size. A group discusbthis observation ensued
which involved eliciting students’ ideas about how toctdbs and measure the
pattern of observed variability. This discussion was followggrompting students
to use this pattern as a basis for choosing a sufficientlye laample in order to
confidently infer whether genetically engineered fish tiengrow longer than normal
fish in the population (Question 5). The final prompt ¢&ion 6) asked students to
estimatehow much longergenetic fish tend to grow than normal fish. These
guestions culminated in a group discussion about the tfhthetareen the competing
interests of maximizing sampling accuracy and minimizingparsize.

Three days after Lesson 3, students took an examneéekig assess their thinking
and conceptions of the ideas addressed in the instructsamtplence. Students
responded to a set of questions nearly identical to thoselfesson 3, but couched
in a different story context (i.e., testing whether a deaky modified variety of
cucumbers tended to grow longer than a normal variég)low-up interviews
conducted within a week of the exam queried studergporgses to this task.

SUMMARY OF SELECTED FINDINGS AND CONCLUSION

Two salient findings regarding students’ thinking were aéa@ in an initial analysis
of their responses to the activity prompts of Lessbrend 2, and the classroom
discussions that emerged around them:

 Class discussions proved to be productive vehiclebelming students notice and
reflect on key ideas targeted in the instructional sequehlee. whole-group
discussions around the orienting prompts and refledjigestions of the activity
sequence turned out to consistently provide rich oppiti¢s for students to notice
patterns of dispersion in the distributions that resulfesm re-sampling
simulations. As a particular case in point, the discussimosnd the activity in
Lesson 2 (see Figure 2) highlighted several student®rghtions (derived from
the patterns they observed in the bottom table of Figurtha) “the samples
[median lengths] don't vary by much” and that the medé@ngth of genetically
engineered fish in a sample was larger than that ofdhmai fish in every sample
chosen. This last was taken as evidence, and led emsersus among students,
that the genetically engineered fish in the population tendeptoww longer (by
between 4 and 7 centimeters) than normal fish. Thesesdi®ns thus evidenced
students’ abilities to coordinate two things: 1) their expectationttieasample
statistic’s value will vary among samples, and 2) their emgngierstanding that
such variability is not haphazard but is instead constlaitte a (possibly)
predictable range of values.

» Students generally exhibited an appreciation of two seemuwiypeting ideas:
although an individual random sample can be used t@ raaknference about the
sampled population, repeating a sampling experiment shthat sampling
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outcomes (i.e., a statistic’'s values) vary from sampleatopge. Significantly, a
majority of the students seemed to readily appropriate tba (@gromoted in
instruction) of using a distribution of multiple values @ietsample statistic
generated for samples of a particular size as a basisféomally assessing their
level of confidence in their inference about the populatieor instance, most
students asserted that they were “completely” confidetttgir inference that the
genetically modified species of fish were generally betweemd 7 centimeters
longer than normal fish because the value of the $tatiSinterest invariably fell
between those values in all trials of the sampling expetimen

The classroom discussions around the tasks displayed imeF#y (exploring the
variability across distributions in relation to increasing glensize), together with
students’ written responses to them and the analogousaseptesented in the
exam, generally indicated the following:

e Students saw clearly that the variability across the sequehcddistributions
decreased (“is more condensed”) as the sample sizagext. Moreover, Question
5 provoked an appreciation among several students tehsion between the
competing interests of choosing a relatively small samptk sl making a
confident inference about the population on the basis ofah®ling distribution
for samples of that size. These students argued foade-off between a big
enough sample size and confidence in their inference thatgveainded in the
following logic: the variability of the sample statistic for gdes of the next
higher size, as displayed by the range of the samplimgpdison, did not decrease
appreciably relative to that for the preceding smallempsasize and therefore did
not yield an appreciably more “accurate” inference abimpopulation parameter.
That is, these students were sufficiently confident in théarémce based on a
distribution of the statistic for a particular sample size thay thought it not
worth the slight increase in confidence incurred by selga&isubstantially larger
sample. This is exemplified by the following student’s cese to Question 5:

S2: 150 fish. The data is very condensed and gives cauraie
representation of the full data set. | would not chooseb2s@use the
difference in variability is so menial that the extra work wobkdl
pointless and it would not do much to effect your denis

Students’ written responses to the first activity promptsesson 3 (Figure 3), and
their explanations of the responses to the analogous taskded in the exit
interviews, indicated that many students experiencedtloeving challenges:

« Difficulty understanding what the distributions of themple statistic (difference
between medians lengths) represented in terms of tharsmgh in which they
were embedded. Although most (12) students were alslartectly explain that an
individual point in the distribution shown in Figure 3 (Queastid) represented a
particular sample of 15 fish, only 8 of those students dalear sense of the full
information convey by that point. A common difficulty angshthose having an
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unclear sense involved not seeing that a point indicateditfeeence in median
lengthsof the two types of fistn a sample, and instead thinking that it showed
either an actual length or the median length of fish. Swumtfusion and other
difficulties were seen even among some of those students evidently
understood a point to represent a sample of 15 fish.fdlleving responses to
Questions 1.2 and 1.3 given by one such studentiiitssthe tendency to interpret
the information indicated by the darkened point (see Eiglias an average of the
50 data values, rather than thinking of the relation betwle point and the
sampling process that produced it:

S8: The information shown by this dot is that all of the dadded
together and divided by 50 is 4” and “This information whgined
by the position of the dot and the information aroureddbt and from
the graph.

The above response is in contrast to one of the mostesdhesponses to the same
questions, as illustrated below:

S9: For this sample, the median of the genetic fish wam 4igher than
the median of the normal fish.” and “A sample of 15 fishs
retrieved by the mixer. The program found the medidrieeonormal
and genetic fish and then found the difference betwleem, which it
represented with a dot.

S9's response clearly relates the darkened point to thwplisg process that
produced it, suggesting her having a vivid imagery ddt tprocess and an
understanding of how the process generated the infamapresented by the point.
Moreover, her identification of the sample statist& a difference between the
median lengths of two subsets of the sample suggesabitigr to parse and hold the
three quantities in mind as distinct entities without confounttiegn. All of this is
indicative of an ability to keep mental track of, and describe multi-tiered
simulated re-sampling process (i.e., conceiving of therdinated sequence of
actions and resulting statistical objects) that begins witlidantifiable simulated
population, involves a random sampling process, andicates in the generation of
a distribution of the appropriate sample statistic. Relatifely of the students
evidenced having developed this ability to the same eate88.

These findings underscore challenges in designing itstnucto foster the
development of (informal) distribution-based inferenti@saning, and they orient us
to consider possible refinements to the instructional itieBv One possible
refinement is inspired by Harel's repeated reasomistyuctional principle (Harel &
Koichu, 2010). The refinement would elaborate the dgtishown in Figure 3 by
having students practice imagining and explicitly identifying disfinguishing the
processes and intermediate objects generated byTimerPlots re-sampling
simulation that produces the distributions of the sample titasisown in Figures 3
and 4. Such an elaboration would aim to help students &taibde and robust mental
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images of the re-sampling scheme and its productektheupporting their ability to
hold the ensemble of coordinated ideas in mind as theyitte make distribution-
based inferences and quantify their confidence in them.
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PEDAGOGICAL STATISTICAL KNOWLEDGE OF A
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We present a case study of a prospective kindergartdrelementary teacher at the
end of her teacher education program, when she Ied dpportunity to teach
statistics in a classroom. With the aim of understandlieg pedagogical statistical
knowledge, we focus on her knowledge of students modlédge of teaching.
Results show that this prospective teacher reveals snavdddge of students and of
teaching methods and strategies, but seems tadifigelty in translating that to practice.

INTRODUCTION

In a world dominated by numbers, teaching statisticsusialrto create citizens able
to critique the information around them, knowing how #aldrationally with that

information (Fabrizio, Lépez, & Plencovich, 2007). To teatdtistics, teachers need
to know how to organize data, to interpret it, to buildvdealge from it and to know

when it is appropriate to do so (Batanero, Godino, & R684). In addition to this

statistical knowledge, pedagogical statistical knowledgésis required. As Batanero
et al. (2004) state, teachers need to know how to helpsthidents to develop correct
intuitions in this field and how to deal with controversial ideHserefore, teacher
education programs have an important role in developing firo$pective teachers’
statistical knowledge and pedagogical statistical knowleldgeiever, little research

has being made to determine which knowledge teacheesama which is necessary
to teach statistics (Chick & Pierce, 2008). In this paperstrive to understand the
pedagogical statistical knowledge of a prospective kiradttgg and elementary
teacher (grades 1-4), focusing on her knowledgtudésts and knowledge of teaching.

CONCEPTUAL FRAMEWORK

Since Shulman’s work (1986) that teachers’ knowlduggbeen categorized as content
knowledge and pedagogicabntent knowledge. Together with a sound statlstica
knowledge, teachers need pedagogical statisticalledge to be able to effectively
teach their students (Shulman, 1986). Sorto andéNB@04) highlight knowledge of
students and knowledge of teaching as key aspeptxlagogical statistical knowledge.
In their view, knowledge of students involves theowtedge of conceptions and
misconceptions, learning processes, students’ watlclssroom discourse. In addition,
it includes the ability to interpret students’ respes and to analyze their strategies and
solutions in order to infer about their understagdBatanero et al. (2004) also mention
the ability to predict students’ learning diffiaak, mistakes, obstacles and problem-
solving strategies. Studies that focus on teach@sivledge of students indicate that
they know little about students’ statistical knovged their difficulties and ways to
overcome them. Reporting on a study of 42 teachéatson, Callingham, and Donne
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(2008) conclude that some of them make mistaketeots that call for a response to a
particular misunderstanding of a student and carchertify the next steps to take
students to develop statistical understanding. décim and Darnton (2003) also report
that teachers are not familiar with students’ comrddficulties and misconceptions.
Gonzalez and Pinto (2008) conducted an investigatitnfour prospective teachers on
statistical concepts of data organization and sgmtation and concluded that they had
no idea of students’ difficulties on this topic. Gequently, they missed opportunities to
help their students to confront these difficultiesl achieve a deeper understanding of
fundamental concepts.

Regarding the knowledge of teaching, Sorto and Whit®@4R@eport that teachers
must have knowledge of teaching methods and strategiplanations and didactic
resources. For example, teachers should be able tgnizecand take advantage of
statistical everyday situations and use them to teachK@hieierce, 2008). As for
specific methods to teach this subject, emphasis is giveonducting experiments in
the classroom, particularly in groups, to developuthderstanding of certain concepts
and linkages with other areas of the curriculum,niginto account students’ interests
and abilities (Ponte & Fonseca, 2001). Additionally, thd $FAreport (Franklin et al.,
2007) recommends that teachers: (i) emphasize the devabpf statistical literacy
and statistical thinking and reasoning; (ii) use realrantivating data; (iii) emphasize
the understanding of statistical concepts, as opposednly teach theory and
procedures; (iv) foster students’ active role in theniear process; (v) make use of
technology; and (vi) use assessment as a resourtegimving teaching and learning.
Concerning the teaching of graphs, Curcio’s levelgraphs comprehension (1987)
(read the data, read between the data and read bdyomthth) are fundamental in
teachers’ knowledge to foster students’ statistical bterd&researching prospective
teachers’ difficulties regarding knowledge of teachifgrnandes (2009) indicates that
they have trouble in planning lessons and managing esdgen situations and time.
This author mentions that usually they adopt a more aditiapproach (presentation
of concepts, centered in the teacher, and practiesatises). A study of Chick and
Pierce (2008) shows that most of the prospective ekamyeteachers’ lesson plans
focus on correct graphs, rules of presentation alodlesion of measures, but put little
emphasis on understanding data sources and its imptisatioanother investigation,
Gonzélez and Pinto (2008) conclude that prospectivdhées have no idea about the
levels of understanding of statistical graphs.

METHODOLOGY

This study follows the interpretative paradigm and a tatale approach, using a
case study design with multiple data collection instrumemfsestionnaire,
interviews, observations and document collection. Data asalyslescriptive and
interpretative. The participant is a prospective kinderganehedementary teacher
(grades 1-4), with the fictitious name Dora, selectedbfing in the last years of a
teacher education program with the possibility to teachisstat during her
internship. In her % year of studies (in 2010/11), she took the single coofrske
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teacher education program dedicated to statistics, giveinebfirst author (who was
also responsible for the data collection). During the smuprospective teachers
worked statistical concepts through the exploration of sitogio real contexts, with
emphasis on representing and organizing data and statistemsures and their
interpretation, and discussed how to pursue statistical inveéstigausing different
data collection instruments. In groups of up to thresgeoctive teachers, they carried
out a full statistical investigation, spending around Eeks. During her 3year of
studies, Dora answered a questionnaire with conteatdig statistics and didactics
of statistics, being encouraged to present her dinthought. Her answers to this
questionnaire (§ were afterwards discussed during interviews. During 2Me
semester of the™year (in 2012/13), she was enrolled in a supervisechireg
course, having to teach a few days to a grade 2 éagte from an initial (El) and a
final interview (EF), Dora was asked to implement a statisthvestigation with her
students, which she divided in two different classesimconsecutive days). Those
classes were observed and video recorded and interweve made before (EA) and
after (ED) each class to discuss the plan and toctedflout what happened in class.
Her reflections of the classes she taught (DB) werecalbected.

RESULTS AND DISCUSSION

Dora is a very motivated and committed. She states thmtd the & grade [she]

didn’t like [mathematics]” (El), because “it was always sagne. Always traditional.
[The teacher] explained and then we did exercises”.(BRE mentions that this
changed when, in high school, she decided to follow tha af Social and Human
Sciences and the work “was more practical” (El). Hethasiasm for statistics is
evidenced by the choice of this theme for her masteral feport. She believes “it is
very funny to work data organization and analysis \tiildren]” (El) and says that
she intends to “check which were the difficulties thatythad, not only in the

realization of graphs but also in their interpretation” (EF).

Knowledge of students

We discuss Dora’s ability to predict students’ difficesti identify their mistakes and
suggest ways to overcome these mistakes and her kgamedstudents’ different
strategies. With regard to anticipating students’ difficultinghie questionnaire she
had to build a frequency table and a plot for a datarse to formulate conclusions
based on those representations. Later, she was asldehtify possible difficulties

for 6" grade students in solving the previous tasks:

| believe that it may be at the level of the graptndings and in the construction of the
frequency table, since the results are scattemd,tleus there is the need to seek and
count all equal results, which requires some comagan. (Q1.4)

We note that Dora identifies as difficult the data managen{in the table

construction or in the formulation of conclusions) sinceetae many and different
data. When she had to justify her response, she sfatedents] could forget certain
data” (El). She considers that it will be difficult for studemt®tganize and present
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data, but doesn'’t point out as difficult for them, formyde, to draw conclusions that
are more than a mere description of explicit data oresgptation.

During the statistical investigation that she conductethén classroom, Dora took
students to build a graph on which she wanted them tk amathe vertical axis their
weights. Talking about students’ potential difficulties in ddimg, she said “they will
have a hard time making the graph, because of thes§¢&A). She did not point this
difficulty in the previous situation since, possibly, sheught that this is no longer an
obstacle for & graders. In fact, some of he!®2yraders showed problems in this
direction, both in the choice of unit and in the cormatking of axis values:

Some students used the squares on the sheet aof pageplaced the scale numbers
inside, with no space for data that were in thegeabetween two numbers (between 20
and 25, for example) (...) The bars of these twloesabecame equal [20 and 22], since
they couldn’t score data in the intervals of twonters. (DB)

To address the difficulty of incorrect marking of the axadues, Dora decided that
she should “convey some of that information so that graopsd improve graphs”

(DB). In fact, in the next day, she presented studentgXample of another group”
to discuss “what was the most perceptible and what wasdkeuseful” (EF). In this

situation, she decided to explain the correct way to makgréiph with reference to
one properly built. To lead students to overcome the olestafchot choosing a

constant unit on the vertical axis she said:

Dora: Now you have to keep in mind here in thiesithat this here cannot be as
it is in here. 1, 3 and then jump into the 7 anel @ it must be a regular
thing. How often can you make it? It's like a seoge (...) If you are
making 1 to 1, you cannot bring it up to... Whayésir maximum? (...)

Student: 29 (...)
Student: From 2 to 2.
Dora: From2to 2 or...
Student: 510 5. (Class)

Dora shows the need to explain how to properly markxtsesaale, inducing the unit
5. After reflecting on her lesson, she stated that stad&should have had the
opportunity to explore the situations mentioned [like usisgade with the unit 2], but
due to lack of time this didn’t occur and | even haghtlhuce them to this scale [of unit
5]” (DB). In this case, she takes control in overconshglents’ difficulties, using the
strategy of explaining the correct procedure, whichesipdained by time constraints.

With regard to Dora’s ability to identify students’ errorgldo suggest strategies to
help students to overcome them, we showed her thenviatioproblem “There are 10

people in an elevator, 4 women and 6 men. The geengight of the women is 60
kg and the average weight of men is 80 kg. What is Weeage weight of the 10

people?” and a student’s solution showing a commisnonception (figure 1).
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Figure 1: Student’s response to a problem involvinghe concept of mean.

In the questionnaire, Dora wrote “I can't answer” (Q#)3and this issue was
brought up during one of the interviews:

Dora: Ah, | can see now. He joined the mean ofthed divided by 2.
Researcher: And why is it wrong?

Dora: For me this is wrong because the 2 doegrésent the total number of people.
Researcher: So how should the student have done?

Dora: (...) So, it should be divided by 10.

Researcher: So, is it 14 kg?

Dora: Well, | don't know. No, but he doesn't knotettotal number of... But is
this really wrong? (...) For me it was easier toehthe data of all men and
women and divide by the number of people (...) €®enot enough data
(...) I don't know if this is possible to solve.lJE

The difficulty of Dora in this matter is linked to the fdabat she did not know what
would be the correct answer and therefore an apptesietegy (Q4.3.2), showing
a strong link between content and pedagogical contenvlkdge. Some lack of
understanding on the mean interferes with her pedagogiatistical knowledge,
making it difficult to her to present strategies to hékp student in this problem.

Student 1: Student 2:

= 3] oo DD@@

-_

Figure 2: Representation of two students for the sae data set.

Regarding the interpretation of students’ strategies, Dorastvasn two different
representations, carried out by graders, depicting the number of teeth that each
classmate had already lost (figure 2), and was askedmpare them. As a difference
between them, Dora pointed that “the student 1 made pinesentation horizontally,
while the student 2 made it vertically” and she saw ndlaiities (Q6.1). During the
interview, she was asked again to explain these repe¢ioss, and answered:

2 [students] lost 2 [teeth], 3 [students] losteefh], 4 [students] lost 1 [tooth], [looking at
student 1 representation] (...) | cannot rememioer this [student 2] one here did (...) |
don’t know... because | know that this [represéotadf student 2] should show the same

68

Santos, Ponte

as this one [representation of student 1]. [Shesttine sheet in the opposite direction to
realize if the representations have the same viaspkct] (...) But | think that to 2
students fell 10 [teeth] [looking to the last twaluamns of the student 2]. Oh, that’s right!
[looking to the representation of student 1], Astuts fell 10 [teeth]... That's it. (EI)

We observe that Dora began by explaining the represents#tistndent 1, assuming
that the numbers that this student wrote were the frequendythe cards with
drawings in front of each number were the numbeeettt When she tried to explain
the representation of student 2, Dora seemed to rehbtdnér understanding of the
first student’s representation was not quite right, sincegheuld represent the same
information. When looking at the last two columns of thgresentation of student 2,
she concluded that each column in this case is the nuaibteth lost by each
student and that only thinking in this way the two repriedeEms conveyed the same
information. However, faced with the question of which espntation she thought to
be more complex, she chose the representation of stBdsinice initially “I didn’'t
understand it. | needed to ask him (...) Now | get it,abhse | have this
[representation of student 1] right here” (El). Althougle snly properly understood
the representation of student 1 after analyzing the représentd student 2, she
continued to find that the representation of student 2 wase momplex. This
demonstrates that she associates the complexity of studepresentations to the
difficulty or not in interpreting them. Another reason maydoe to the link of the
cards’ drawings of student 1 to a more childish reptesien.

Knowledge of teaching

We also discuss the different teaching methods and sestBgra used during the
classes that she taught or that she indicated to followhd statistical investigation
that she conducted with hef*2yraders, it was discussed students’ gain of weight.
Dora considered that students can and should assumel aindifferent phases of
this process: “early in the investigation, | [should] giwem room to talk. They were

a little anxious and nervous. And they were very reslthen that also eventually led
me to be controlling” (EFD). Nevertheless, in her dlass, she did not allow for
much independence from students during the investigatiamely in posing a
problem, making a plan and choosing representationsstwa this in detail in
Santos & Ponte, 2014).

In what concerns the type of work with students, Datapted several times group
work. She showed knowledge of students in the constitutfogroups since her
decisions were very productive and efficient, accordmdner supervisor teacher.
When elaborating groups she took “in consideration tistesce of a leader, to help
to organize work and that requires some elements to fdiiowher” (DB). Yet,
management of group work was one of her main concerns

For example, tomorrow | think will be very hardrtmnage all groups and help them (...)
If they were used to this, to this type of work,yie@ it wouldn't be so difficult. Now, |
know this will be the first time they will do wotlke this (EI).
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Dora was very worried about the independent work of difeerent groups,
considering that students were not used to work on dpsks. She was also
concerned with her role in the classroom, since shadatitiave experienced this type
of work as student: “I never did something like this. | eredid a statistical
investigation with them (...) It seems different (...) tach other things, they were
things | learned in school and that they did with me. Kug; no” (EI). However, in
class, her activity was impressive, being aware and followawh group work. She
also shows that to teach statistics it is important for stsde be main actors of their
own learning: “Firstly | think it should always come froneth, which means, do
statistics with them (...) Which is, for them to colldeta, organize it in tables or as
they want, then construct graphs and, then, from théwe ctanclusions” (EF).

Concerning teaching strategies to work the analysis gbhgraDora did some
research on her own. Besides showing the perspecfivtheo importance of
elaborating hypothesis during the construction of graghsng the analysis of a
pictogram in the classroom, she encouraged her studentexamine the
representation, which may allow them to confirm or tcaict their initial
hypotheses:

| started with the question “What can be said altbigt graph?”, since it's a very open
question and allows a diversity of answers, thatetomes we wouldn’t have access if we
were only to ask the mode, minimum, what data hidnee same values, etc. (...) To
conclude the analysis of the pictogram | placedttaroquestion to the group: “How
many more boys like snakes than cats?” (DB).

First she places an open question to see what the fodifevént students is, and
then she poses a question that requires a reading betiveedata, to go beyond the
literal reading of information. During the analysis of thepir built during the

weights investigation that she led in classroom, she alsk into account the

literature she read about questioning, such as the ections with other

mathematical concepts, like the case of the estimationthenattempt to break some
stereotypes regarding weight, speaking of students’hhefghis work was very

interesting, especially when we held it in a large groupabse | think | made an
interesting exploration of the graph, touching in key aspeach as comparison
between weights and heights and estimation” (DB).

In the statistical investigation that she conducted with students, @nsidered that
the new topics for them were the formal aspects of grgglitie, scales, axis, labels)
Initially, she had no clear idea about how to introduce thialso don’t know very
well” (EA). Dora predicted some difficulties regarding theales, where she
controlled the discussion, taking students to adopt theofimeasure she considered
appropriate. She justified this type of classroom decisiorefin moments by
saying that it is important to take students to get to th&t mseful methods: “Besides
being the students to suggest the data organizatiomttra’s role will always be to
take the group to think if that is the most advantage revettiod” (DB). To discuss
the importance of the graph’s title, she prepared twohgrdpne with nothing and
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the other with that kind of information for them to veriffnich one gives the most
complete information” (EA) and took students to compareértftemation on them:

Dora: | have here these two graphs (...) Which doeyou think it is best
represented? Most perceptive?

Student: This is wrong, isn’t it? Because I'm rftg heaviest.

Dora: No, this isn’'t the weight (...) Do you kndingm this graph, what is it about?

Student: No.

Dora: And from this? Can you see?

Student: It's the height.

Dora: Is this the height? What does it say here?

Student: Number of times that goes to the movieb esonth. You go more times to
the movies.

Dora: From this you already know what it is (..UtR title.

Student: Title?
Dora: Yes, it should have a title so that we kndwatit is about. (Class)

In this classroom excerpt, we observe that to introdlieegraph conventions, Dora
used the explanation and the supply of properly constrgctachples for students to
consider the advantages of presenting this informaliioanother situation proposed
in an interview, she had to plan the introduction of tnecept of mode to a group of
students. Dora said that she “could grab these matfmakh cubes] and began by
asking which is the most prevalent color in this set. Tihem there introduce the
mode concept” (EF). Thus, to present this concept shegtitoof a task with
manipulative materials. It should also be noted that sheatidtonsider explaining
the concept first and then applying it. On the contrang, seemed to initiate the
application of the concept and only then introduced the prd@eomination. When
asked to indicate the difference between concepts beimglied through a task or
through its emergence during a statistical investigationsaide

It's different. The fact that sometimes it arispsrstaneously turns out to work better, on
the experience | have (...) If | took a task algeathde to work the mode... It's different.
I can’t explain (...) Also because the context ¢hewould be different. We would already
be talking about other statistical concepts; heee would only be facing the mode
concept (...) | don't know if it would be better o it would be worse. It would be
different (...) And depends on the children’s eigxare (...) It's just different (EF).

Thus, Dora sees many advantages in using statistical igatgsts in the classroom,
but indicates that it is not necessary to perform an ilga&in whenever she wants
to introduce a new concept. However, we observe thagishe great importance to
teaching statistics through investigations, not only to leammcepts, but also for
other reasons:

71



Santos, Ponte

Through these investigations, | think they end amimg much more not only regarding
their mathematical learning, but also from othexaar especially at the personal and
social level. Since they are in groups, they hawviisten, know how to be heard, respect
others’ ideas and that area ends up to be devekopeevorked (EF).

CONCLUSION

About Dora’s pedagogical statistical knowledge, we conclide she has some
knowledge of students, predicting correctly some difficultias problematic
situations (elaborate the graph scale, organize and présém), contradicting
Nicholson and Darnton’s findings (2003). To help stutd overcome their obstacles,
she decides to explain the suitable procedures or, sorsetimepares it to a more
appropriate solution. However, she demonstrates that aheot discern the
complexity of different data representations. Thesedcdiffes may be associated
with shallow knowledge or no understanding of certainissitzal concepts and
procedures, and are thus connected with some flawstististd knowledge.

This prospective teacher demonstrates to know and makefuteaching strategies
and methods recommended by several authors (Cu@8y,; Franklin et al., 2007;
Ponte & Fonseca, 2001): group work, open ended tatksstical investigations, use
of real data, different levels of graph analysis. This wrobably, due to her special
interest in the theme and her study of the literature.dssclsometimes, she ends up
adopting a more expository teaching, explaining correctquiures (construction
accurately of a graph with reference to the title antescahich she mainly justifies
by time constraints, as pointed by Fernandes (2009)e Sfifficulties that she points
are mainly due to lack of experience as a student witkkitiisof work.

To Groth (2007), it is essential that the learning of stegisand its didactics, by
prospective teachers, do not occur separately, bueisame course. Thus, the ideal
would be that opportunities, during the teacher educatiogrgm, for open ended
tasks and for teaching methods to develop an undenstaodl statistical concepts
could help to increase prospective teachers’ experiaastudents, but also serve as
discussion moments of what is required to conduct this &inglork in their future
with students. During the internship, this work hasdabntinued, with moments of
preparation and reflection about classes. Possibly, thipisthat must be continued
during the induction period and even afterwards, giverctimplexity involved in the
construction of knowledge of all topics and its didactics.
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In this paper we analyze how a primary school teache#iq) leads the discussion of
a task in a grade 3 class aimed at reading and interpggpictograms. The paper is
part of a larger study that follows an interpretativenda qualitative research
methodology with a case study design. The results irditeat, in his teaching
practice, the teacher strives to ask questions so that Ipgspare not limited to the
identification of categories of high and low frequency chtenéstic, that is, "reading
the data", but also raises questions related to "readingvéen the data" and
"beyond the data."

INTRODUCTION

Statistics is a part of global education, helping fututizesis to obtain reading and
interpretation skills of tables and graphs that appear datlyeirmedia and fostering
the development of critical thinking based on data. Martind Bonte (2010)
advocate the inclusion of statistical education since tlenesitary levels of
education contributing to the development of a critical padicipative citizenship.
Although the Statistics curriculum of many countries inctudee teaching of
graphics as a topic since the beginning of educationpéldagogical emphasis is
aimed more at aspects relating to construction ratherttigainterpretation of graphs
(Monteiro & Ainley, 2010). In this paper, we intend tcamine how the questions
posed by a '8 grade teacher in his class promote reading and intepref
pictograms by pupils.

READING AND INTERPRETATION OF STATISTICAL GRAPHS

The link between school and everyday life can be seHieby statistics taking

advantage of the presence of various types of data méke (Arteaga, Batanero, &
Contreras, 2011). According to these authors, one efctmponents of statistical
literacy we need to develop in pupils is the ability to intetrand critically evaluate

statistical information represented in graphs, as ths @nstitutes an important part
of statistical culture.

Graphs comprehension can be defined as the ability ieed®eanings from graphs
created by others, or by themselves (Friel, Curcio, riggi8, 2001). Reading and
interpreting graphs requires knowledge of their structutements and their
conventions - such as title, labels, axes, scales, représemiables and figurative
elements (lines, points, bars). It also requires an integyraading and interpretation
of these structural elements.
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The skills related to reading and understanding of statigiraphs have been studied
by various authors and the classification proposed bygi€{1989) is the one that
had the greatest impact on statistical education. It iesltige following levels:

* Reading the data: direct reading of the graph withaetrpneting the information
contained. Pupils should just respond to direct questions.

« Reading between the data: interpretation and integrationt@firdéhe graphs. This
capability requires the comparison of the data or thetifd=tion mathematical
relationships;

* Reading beyond the data: this includes the organization edigtions and
inferences based on the interpretation of data ommzton that is not directly
reflected in the graph.

In addition to the interpretation of graphs, Aoyan@assification (2007) considers a
critical evaluation component of the information containetthéngraph, reflecting on
the following levels:

« Rational/literal level: Pupils can correctly read the graplksdatect tendencies but
they do neither question the information nor suggestnatiee explanations. They
identify the relationship between variables but they ddngdo explain it.

 Critical level: Pupils read the graphs, understand theegbrdand assess the
information reliability, sometimes questioning the informafmesented.

» Hypothetical level: Pupils read the graphs, interpretemaduate the information to
create their own explanatory hypotheses.

Gonzalez, Espinel, and Ainley (2011) suggest the idegrafphical competence
including (i) the ability to extract information from differtetypes of graphs and to
interpret meanings from reading the data; (i) the abilitgekect and create graphs
suitable for specific situations, with or without the suppoteohnology; and (iii) the
ability to critically assess graphs and to distinguishstinengths and limitations of
certain graphs. From their perspective, teachers ae faith the challenge of
developing their analytical competence of graphs and emiagt the required
knowledge for their accomplishment in the classroom, iasstan important purpose
of Statistics’ teaching.

THE TEACHER QUESTIONING

The participation and involvement of pupils in the entiragaocessing process are
key aspects in the interpretation of the graphs to whiehtéacher should be
particularly alert to. Friel, Curcio, and Bright (2001) madut that asking questions is
closely connected with the understanding and that Hexacneed to develop a
framework to help them think of questions to be askelis Tquestion-asking
framework is important for the understanding of graphmd. (129-130). To these
authors, different levels of questions promote differeavels of graphical
understanding, so the teacher should pose questiorar¢habt limited to extracting
data from graphs; but they should also allow for thetiflestion of relationships as
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well as prediction and generalization, thus fostering dgweént of the ability to
understand graphs.

Friel, Curcio, and Bright (2001) define three levels okstions that the teacher
should use to foster the graphical understanding leaglsidered by Curcio (1989).
The elementary level questions require information getheto respond to
immediate questions which can be easily identified in thptgrAt the intermediate
level, questions aim at integration and interpretation efavailable information in
the graph and the search for relationships between Fiatly, the advanced level
questions require extrapolation of the data and the anabfsithe implicit
relationships in the graph. Although Friel, Bright, andrd@u (2001) believe the
advanced level questions, allowing to "read beyond the",dat® the most
challenging and contribute to a deeper understanding ofldte structure, they
believe that it is necessary to contemplate the three tfpsestions to promote the
process of graphical comprehension.

METHODOLOGY

This study is part of a broader research work in a caldlve work environment,
involving the first author and three teachers from tfeaBd &' grades, with the
purpose analyzing their professional practices for tegatiganization and handling
of data. Working sessions include preparation of tasié the discussion and
reflection of their exploration in the classroom. In thesssions, the researcher
streamlines sessions; he helps with the preparation tdske and with the reflection
over their accomplishment. The collaborative group aetid work on investigative
tasks relating to the daily lives of pupils, involving thenfatation of research
questions, collection and organization of data, presentationjastification of
conclusions (Martins & Ponte, 2010).

We have followed a qualitative research methodology ofpragative nature, using
the case study method (Stake, 2007). In this papeintead to examine how the
guestions raised by Jodo (one of the case studies) fgothe reading and
interpretation of pictograms by pupils. Originally, this deer has a degree in
Primary Teaching, and he completed his training in the éJgidade Aberta (Open
University) as a Portuguese Language major. At the begjrofinhe study, he had
been teaching for 33 years.

Data were collected through classroom observation, vidteo and audio recording,
supplemented with interviews, participation in workshops atieation of materials
produced by pupils. Data analysis is based on threéslefguestions for graphical
understanding proposed by Friel, Curcio, and Bright (2001)

THE TASK "SCHOOL PUPILS’ TELEVISION PREFERENCES"

In the initial class [January 29. 2013] teacher andipudecided to ask the following
question for study: "What are our favourite TV programaftér some discussion,
they wrote on the board the name of the type of televipiragrams to be voted
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(documentaries, cartoons, soap operas, news, moviespamts) and they choose
their favourite programs. The data was placed in a tabiehvdontained the name of

each pupil. They created a table of frequenciesaapidtogram and they formulated
conclusions with reference to the analysis of the cmltedata. From the discussion
conducted, came the idea of extending the study to otheseslan order to find out

the preferences of their colleagues. At a later classhéeand students planed the
data collection work in each class to carry out this study.

Preparation

Collection and analysis of pupils’ television preferen&agils organized themselves
in groups and went to other classrooms to explain to tle#lzagues the work they
were conducting and what they wanted to find out abait tlevision preferences.
They distributed a ballot and explained that they shoutdopuisa cross on the type of
favourite television programs and another cross on getwalifferentiate the
preferences of boys and girls. Before the vote, Hisy explained what they meant
by each of the types of program. After the voting, tHiotsawere collected, put in an
envelope and brought to their class for organizati@hpmocessing of data.

In class of March 2, 2013, teachers and pupils ledeld the work they did and
identified the steps for continuing the study. They stdedounting the data and
organized it into frequency tables, separated by boysgatedwith the respective
graphical representation. As they had done for their cthey, would be building
pictograms, allowing for comparisons with the choicesnfrtheir classmates. To
finish the work, the pupils should be drawing conclusiamsefch classVe should
note the teacher's reminder to perform a careful mgadf the graphic so as to
"discover interesting things'The various groups received the envelope with the
ballots from each class; they performed a counting of dingices and built a
frequency table. They got a paperboard to create thegoam and they proceeded to
make the respective measurements of the space to ygiextbdy each data category,
making sure to keep them separated from one anothestder to represent the
choice of each pupil, they used a square of paperamitimage [smiley face]. They
painted the square blue if the data belonged to aahdypink for girls.They glued
them and put a legend on each category and they stameting designs that
facilitate their identification [Appendix 1 and 2].

Formulation of conclusion#fter creating the pictograms, each group analyzed their
data and started to formulate conclusions. The teachet seund through the
groups asking them to read texts produced and correetitithg and grammar
aspects in sentences. His interventions were aimed at helppily po formulate
conclusions. He was worried about the pupils analyzingnfoemation provided by
pictogram in order to answer the study question. In additienwas asking other
questions to challenge pupils with the intent of gettirentho identify other more
"interesting” aspects represented by the pictogram, iegaldomparisons and
relationships between values expressed by the varasgories. Finally, he
suggested that the text was organized accordingéstain sequence of sentences.
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Interpretation of results

Beginning of discussiomfter the formulation of conclusions, the teacher asked
pupils to distribute the paperboards with the respectiviegriams though several
areas of the room so that would be visible to everyorie Wllowing is a
presentation of the findings from each group, with a Ipdiping the reading while
another pupil indicates in the pictogram the data refgrton the findings. The
following paragraph refers to the presentation of theclosions class AC from the
2" grade:

The type of program chosen the most was cartoons.second most chosen program
was sports. The types of programs less chosen tiveraews and documentaries. They
were both chosen by the female gender. It's bathnttee cartoons were chosen by 5
boys and 5 girls. The difference between the cag@nd sports is 4 choices. The soap
operas have 6 less choices than cartoons.

The group that dealt with the data from this classabdiy identifying the key aspects
revealed by the pictogram, i.e., programs which wersaaonore and less. At this
stage pupils were only "reading datAt.a second stage, their analysis indicates that
the choices of the less preferred programs were madeebfemale pupils, and then
they moved to another type of analysis looking for diffeesrbetween the choices of
the different types of programs. Their references evoite "reading between the
data.”

Choices of girls.In the following interventions, after having read the figgirfor
each group, the teacher asks the class to participate idigtession of the data
presented. He began by suggesting that they should Idbk aictograms carefully,
looking for “interesting things" and he asked sevetmstjons to support pupils in
their analysis. After the presentation of the conclusfom® the AC class from the
1st grade, the following dialog occurred:

Teacher: Look, where are the girls’ preferencesgfd

Pupils: To documentaries.

Teacher: To documentaries. And now look at thék gipots scattered there, where
are the other pink spots going?

Pupils: To soap operas.

Teacher: One for the soap operas and...

Pupils: To the news and movies.

Teacher: And to the movies. And how many girlsshthe documentaries?

Pupils: 7.

Teacher: Seven. Now then make the sum of the giller from the other pink spots.
Pupils: We already know.

Duarte: 4.
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Teacher: Four. Who has something to say abou? tHere are seven girls (in the
documentaries). And then there is one (he is m@itihe graph), two, three,
four. Isn’t this interesting?

Pupils: Itis.

Teacher: And what'’s interesting here? What casayehere? Leandro?

Leandro: Girls who have chosen the documentamnehé type of program, they all
together make up more than all of the others séguhra

Teacher: That's right. So what can we still sag&hing else. Fabio, you say it. |
don’t know if you've heard Leandro. Leandro expéainit to me a bit
clumsily but he said: seven girls there and themtlare only four.

Fabio: Most girls chose the documentaries.

Teacher: Isn’t that interesting? A while ago, Ittgou to open your eyes. Most girls
chose...

Pupils: Documentaries.

Jodo tried to get pupils to focus on aspects of the gttasthwent beyond simply

reading the data, identifying more and less chosen prgrdn this case, he

suggested an observation over the choices of girls fnigitlass. The teacher wants
pupils to see that most girls focused their votes in chgd&cumentaries”. Seven
girls chose this type of program while the other fourensrattered over the other
programs. This episode revealed the questions of intéateektvel asked by the

teacher, aiming to support pupils in reading the graphas to develop skills which

go beyond a “reading of the data”, but which allowed thermove to a "reading

between the data" - in this case, focused on the distnbafifrequencies relating to

the choices of girls.

Justification for the choice of documentaries in tiefiade.During the presentation
of the AC class data from thé' frade, one of the pupils -Leandro - goes with a
possible justification for the preference of documentdoigsnost pupils from this
class, the taste for programs on animal wildlife:

Teacher: The debate is open. I'm enjoying the gehat's go.

Leandro: In the %t grade, | think they chose documentaries becawserttay enjoy
the wildlife.

Teacher: Yes, possibly.

Leandro: | like it a lot.

Teacher: And they also like it.

Leandro did not simply note that "documentaries” werentlest chosen type of
program but he was trying to "read beyond the data'pideided a justification for
why the choice did not go to cartoons unlike in almostyee¢her class. Leandro
included programs on "wildlife", which he personally fpre in the category
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"documentaries”, thus using information that was not availablehe graph.
Leandro’s intervention followed the teacher’s invitation tdipigate in the debate.

Balanced choices of boys and gifls.the presentation of the AC class from tfi& 2
grade, pupils identified a relationship between the fbaitthe program "cartoons"”, by
making a comparison between the choices of boys iaisd g

Fabio: We mean to say that there are 5 guys Bdyeys chose cartoons and 5 girls
(pointing at the pictogram).

Teacher: Now Ricardo would like to explain thisaimother way. Go ahead, Ricardo.

Ricardo: In the cartoons, 5 boys is balanced Withirls. If we add it together, the

boys and the girls is balanced.

Fabio’s intervention pointed to the number of choices of lamgbgirls while Ricardo
put forward the notion of "balance" between the nundfdyoys and girls who had
chosen cartoons. While Fabio’s reading seemed to adtliesnumber of choices,
Ricardo’s intervention went further to identifying a relaship between these values,
thus seeking to make a "reading between the data."

Comparison of two groups of the same yeédter presenting the data from the two
classes of the"2grade the teacher challenged pupils to look for both griatns and
compare the choices made by pupils in from those dasse

Bernardo:  The soap operas in both classes are...

Teacher: Not the soap operas, the number of choicsoap operas. Go on.
Bernardo:  They are the same.

Professor:  More, what else is there that's moter@sting in terms of comparison,

Duarte.
Duarte. Sports choices are the same, in the ppartsare the same.
Teacher: How many choices for sports on the tyggagram?
Duarte. 6.

Teacher: 6. 3 girls in that one and 3 boys arsldhe...

Duarte. Only boys.

Teacher: There is only one girl. It's the samg What is the big difference then, in
terms of choice... from one class to the other,reiethe main difference?
Say it.

Isabel. In cartoons.

Teacher: It's in the cartoons. We have just se@rsitnow in terms of comparison,

right? In that class a lot of pupils chose thénhe. waits)
Pupils: Cartoons.
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Teacher: Cartoons. A part from that, the othegmms have more or less the same
number of choices.

Isabel: It's similar.

Teacher: It's more or less the same.

Proceeding with the way in which he intended pupils torpnét the data, Jodo
continued to challenge pupils to look for "interesting" tieteships. In this last
episode, he used the comparison of the pictograms iath 2 grade classes, thus
allowing for the "reading beyond the data" and for theniification of common
characteristics (similar) and the main difference (i.ee, tlumber of choices of
"cartoons"). Jodo asked advanced level questionsigitoi help pupils focus on the
data that allowed for comparison of the two classes antpistation of the results.
He also suggested this type of analysis to compareataeof the % grade. The data
from his own class (3AC) were compared with data from the next door cla¥s (3
BC):

Teacher: Look carefully at the two pictogramsthisre anything else in both classes
in terms of choices? Isn’t there anything else Whscsimilar?

Fabio: It's the movies.
Teacher: The movies?
Duarte: And sports.

Teacher: And sports. So one class and the otass,dhow many bars that stand out?
Fabio: 3.
Isabel: They're the same.

Teacher: They're the same, that's it. What ardhhee types of programs chosen the
most both in our class and the other class?

Pupils: Cartoons, movies and sports.

Teacher: Isn’t that interesting? The three mostseh program types match, don’t
they?

Pupils: They do.

In the analysis of the pictograms frorf' §rade classes, the teacher again used
advanced level questions aimed at checking for similarlilgween the choices of
the two classes. Taking advantage of the "visual spbtjoth pictograms, pupils

easily identified that the three bars with the most chatoceesponded to the same
type of programs in both classes (cartoons, movies amts}pin the interpretation

of the pictograms relating to of'4rade classes, the teacher again challenged pupils
to look closely at the pictograms, asking advanced leuektipns, looking for a

"reading that goes beyond the data". Pupils concludethibachoices of the classes
are very similar, revealing the same preferences, gageaph could represent the
choices of any class.
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FINAL REMARKS

Throughout the various moments of performing the taklgo attributes great
importance to clarifying the procedures that pupils must talentinue their work.
This concern is reflected in the preparation of data colleftiothe various classes,
in the identification of the next steps in the task, arqatéparation the conclusions.

The discussion promoted by Jodo showed concern in ieiggpgpils in interpreting
the data represented in the various pictograms. Aseptative from each group read
the text with the conclusions drawn from the analysidata from the class that he
worked on and next, there was a moment for debateizhvihe teacher extended the
discussion to the whole class. Sometimes, questions weeel po the entire group.
At other times, the teacher asked the questions directiyupils to extend the
discussion and increase participation.

At first, when pupils read the written conclusions, theirrigations were mostly

about “reading data” available in graphs. They statedntbst chosen program,
adding the number of pupils associated with that chaoatinuing the sequential
demonstration of other choices, thus characterizingalesision preferences of the
class. However, even during the presentation of the fisdinaving been challenged
by the teacher to find "interesting things", they havaldished comparisons and
discovered relationships between the representative vdluike warious categories.
At this stage, the most reported aspects were related thdgthdifferent choices

between boys and girls and the difference betweemtneber of choices of the
several programs. Worthy of note is the emergencéhefterm “balanced” to

characterize the similarity of choices of boys and girlprmgrams with the same
number of choices. The intermediate level questionswip for comparisons and
numerical relationships, contributed to the evolution in ititerpretation of the

pictograms from "reading data" to "reading between #ia.t

Having two classes per grade, after the presentafialata from these classes, the
teacher challenged pupils to “look closely” at the two qagcams, comparing the
results in order to discover “interesting things”. At thiesge, he used advanced level
guestions, trying to get pupils to "read beyond the"d&arcio, 1989; Friel, Curcio,
& Bright, 2001).

This study reveals the teacher’s role in the conductiatissussions, particularly by
making questions (Friel, Curcio, & Bright, 2001). Jo&onted pupils not to be
confined to the identification of more and less chosemrpros - a characteristic
from “reading data” - but tried to get them to evolve inteatting between the data”
and “beyond data”. In order for this to be possiblejrduthe discussion he asked
intermediate and advanced level questions, seeking tmdummpils in identifying
certain relationships, or by challenging pupils to fiimderesting things”.

The questioning conducted by this teacher, includingtipres focused on “reading
between the data” and “beyond data” helped to prontoge pupils’ “graphic
competence”, as it is perceived by Gonzalez, EspindlAariey (2011).
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TEACHERS’ PRACTICES AND GRADE 3 STUDENTS’
UNDERSTANDING OF BAR GRAPH REPRESENTATIONS

Isabel Velez, Jodo Pedro da Ponte
Instituto de Educacgédo da Universidade de Lisboa, Portugal

We aim to understand how Catarina, a grade 3 teachemnptes her students’

learning about bar graphs as statistical representations. Tmeaptual framework

addresses representations and teachers’ actions whilerggidee working on tasks.
The methodology includes observation and video recomfirzgclass where students
solve a task that involves reading and understandingragbaph. The results show
that to promote the understanding of the graph represiemt, Catarina supported

students in reading the data and in reading betweerm&t& mostly through guided
guestioning.

INTRODUCTION

Students’ learning is strongly influenced by teachers’ mecparticularly by the

way teachers use mathematical representations in treradas (Stylianou, 2010).

Representations help students to interpret, organize atetstand the information
given in the statement of a problem, to formulate solgingtegies, and to monitor
and evaluate their work (NCTM, 2000). Several authwage been studying and
categorizing representations in order to better undefstaem (Bruner, 1999;

Thomas, Mulligan, & Goldin, 2002; Webb, Boswinkel, &kker, 2008). At the

same time researchers have been interested in how stlei@mt to interpret and use
statistical graphs which, as Friel, Curcio, and Brig@t0{) indicate, “used for data
analysis function as discovery tools at the early stafjefatm analysis when the
student is expected to make sense of data” (p. 182}his paper, we seek to
understand how Catarina, a grade 3 teacher, promatesudents’ learning of graph
representations.

REPRESENTATIONS AND TEACHERS’ PRACTICE

Tripathi (2008) states that a representation is a mentahysigal construct that
describes the different aspects of a concept, and itectons with other concepts.
Duval (2006) and Stylianou (2010) refer the importande kaowing and
understanding several representations related to the samept. Stylianou (2010)
also states that the teachers’ role is very importastliecting those representations
which they consider as more appropriate to promote thelests’ understanding. In
the same turn, Bishop and Goffree (1986) say thatdleeof teachers is to facilitate
the interpretation of representations and to promote thesesgpaf connections
between representations, leading students’ to sharekih@iviedge. When students
explain their solutions, teachers have the chance tor hettierstand their students’
answers and representations. Duval (2006) states thah widachers promote
moments of explanation and presentation of studentg’eseptations, they are
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supporting their students in the establishment of connechietween representations,
leading them to the make conversions and treatments.

Bar graphs are an important kind of statistical repregentaGoldin (2000) indicates
that graphs provide opportunities for students to build then knowledge and to
participate in discussions. As Friel, Curcio, and Brigt@0Q) indicate, all graphs
have a resembling framework, but each one has its petcifeations and its own
language. These authors state that when studentgraplls, they must be able to
describe, organize, represent, analyze, and interpttatid relation to its context.
They regard students’ difficulties in reading and undeditey graphs associated (i)
to the establishment of connections between data, (i) togtaph with known
situations, and (iii) to the task and students’ characterislios study students’
understanding of graph representation, Curcio (1987gnked a framework with
three levels: (i) reading the data (direct readings frargthph); (ii) reading between
the data (making simple inferences by relating data){i@phceading beyond the data
(extending, inferring or predicting information basediom data).

Students’ learning is strongly influenced by teachersttimas that Saxe (1999)
defines as recurrent and socially organized everydagdiigities. So, it is important
to analyze teachers’ practice and how teachers gks itaa classroom. Ponte (2005)
suggests that the class work on a task can be analyzmagththree different
moments: introduction (which can be made just by theh&raor with a whole class
discussion), students’ autonomous work (individually osnmall groups) and whole
class discussion based on students’ results. To analiipée welass discussions,
Ponte, Mata-Pereira, and Quaresma (2013) proposetyfpes of teachers’ actions
(inviting, challenging, supporting/guiding and informing/sugigey). Following this
perspective, we observed the students’ work on a itaskrder to establish a
connection between their activity and the actionthefteacher (Table 1).

Students’ activity Teachers’ actions

""""""""""""""""""""""""""""""""""""""""""" Promoting free choice
Hinting through questioning
Providing explicit suggestions or examples

Challenge students through open questioning
Asking to explain in a structured way

Designing/Choosing
representations

Using/Transforming

representations i )
Suggesting alternatives
Guiding or challenging to establish further connections
Reflecting Guiding or challenging to find conversions or

treatments
Promoting the evaluation of the work done
Promoting systematizations

Table 1: Teachers’ actions regarding students’ actity with representations.
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Students’ activity may involve (a) designing a represemtatiin) using and
transforming a representation, or (c) reflecting aboptesentations that they used.
We seek to relate teachers’ actions and students’tgctha support their students in
designing a representation, teachers may (i) guide thealittle structured way by
promoting the students’ free choice, (ii) propose studerdgressively a more
structured path by giving them some hints, or (iii) providggestions or give an
example that students should follow. To promote the usamsformation of a given
representation, the teacher may (i) challenge studemtsgiropen questioning and
lead them to think about transforming their representatiailsagk students to
explain their solutions in a more structured way, or (iljggest explicitly an
alternative to the representations that students have rch®sesupport reflection,
teachers may guide or challenge students (i) to estatdishections between the
representations (that have or could be used) and q(iiinake conversions and
treatments of representations. Finally, the teachers magngpe students’ (i)
evaluation of the work that has been done, and (ii) sygteation of information.

RESEARCH METHODOLOGY

This paper discusses an episode from a qualitativand@sabout elementary school
teachers’ practice involving a group of four Grade Zlees that were working in
2013 in a school cluster in the surroundings of Lisbomr fBachers were motivated
to promote problem solving with graph representationghiir classes. At the
beginning of the research (January 2013) teachersastea to identify some of the
topics that they wanted to work with their students. Bylyasirag their students’
previous work with pictograms and graphs, the teachers searching for a task that
involved a bar graph because they wanted to addredsnsstineeds and difficulties
in reading the data and reading between the data. Aogotdithat the first author
suggested them some tasks. The teachers chose stnestasks, discussed it in the
working group and then made some changes.

In this paper, we focus on one of the teachers, iDataWWe choose her because we
consider that some episodes in her class illustrate interestiragions. Catarina is a
young teacher with less than 5 years of experiendektiew her students from the
previous school year, as a mathematics support teaatmarding to the teacher, her
students had previously done some tasks involving rgddendata in bar graphs.

Data collection included video and audio recording duringsatdoservation (whole
class moments and teacher-individual student interacti®hs)first author collected
the data and was a non-participant observer in the @ada.was analyzed through
content analysis regarding the different moments of classiwork on a task (Ponte,
2005), teachers’ actions concerning the understandimgpoésentations (Table 1),
and the different levels of students’ graph understanflihgcio, 1987). After the
data transcription, we analyzed teachers’ and studentsadtiens and we coded
their actions using the categories indicated on Table 1lttendevels of students’
graph understanding of Curcio (1987). In this paperamadyze the work carried out
on a task (jointly planned by the teachers) on Catarifa&ss cThe teachers working

86

Velez, Ponte

group decided to propose this task in their classes takiogaccount their students’
needs and difficulties in reading the data and iningglletween the data.

RESULTS

The task had two different parts. In the first, the studbats to identify each bar
graph in relation to a certain meal. To do that, the studéwtsics read all seven
statements related to the graph representation, whichlseapart of the statement of
the task. The second part of the task had two questidgtisgub questions) regarding
the data given in the bar graph and in the previous sgatements.

Task — The Favourite meal

Number of students

.

i

Favourite meal

The schools’ principal wants to know which studentsbfaite meal is. He received
a report that included a graph and several conclusions:

a) The hamburger and fries were the most voted meal;

b) The number of students who chose the hamburgefrimsdwere the double of
those who chose roasted chicken;

¢) The fish and chips had less 4 votes than hambargkfries;
d) The spaghetti Bolognese was the second most vatatj m
e) The creamy codfish had 4 more votes than the Hadted

f) 5 students voted on creamy codfish;

g) Some students voted in peas with eggs.

1) The principal received this little report with the grapih lre was not pleased with
it. He found the conclusions very confusing. After allwhmany students voted?
And how many voted for each meal?

2) Examine the graph that was done. What could be wedf®dWhat is well done?

Figure 1: Task presented to students (based in Marts & Ponte, 2010).

To interpret the statements a), d), f) and g), the studersrequired to read the data
and to interpret the statements b), ¢), and e) they¢head between the data.
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Catarina’s class

Before presenting the task, Catarina begins by discussthcher students the graph
conventions. As she does that, she tries to underbtmstudents’ knowledge about
the bar graph representation:

Catarina: (...) Why do we need graphs?... What catake from them?...
Liliana: Information!...

Flavio: A graph has to have numbers...

Catarina: A graph has to have numbers... Yes... WkaPe

Joaquim: And it has to have data...

Catarina: Data! In fact numbers... Are data! Arghtty? So let us see... If | wanted
to know... In our school... How many students are wepshoes number
36... What do | have to do?... Which elements shouldgraph must have?
What should we do?

To help students to understand the graph conventionariGaquestions them in a
structured way, giving students some clues (“Why doneed graphs?”) and then
leads them to understand that graphs have data thabecamad, giving them a
specific example. After that, she decides to introduce the bgsreading the

statement of the task and then she questions studentstabou

Catarina: ...Here we have a graph... What does iussll
Jorge: The number of students and their favounials...
Catarina: Its favourite meals... So... (she readsthement of the problem)... What

do we have to do? Shall we help the school prifeiptere we have some
clues, isn't it? Let us look to these statementslass... And we will
discover... Which bar graph corresponds to each meRlight? Is there
anyone who did not get it? (a student raises hem) arou did not
understand... So... Statement a) Hamburger and frisstine&a most voted
meal... Right? So we have to take a look to whathd then we have to
try to figure out which bar graph is the hamburged fries...

While introducing the task, Catarina begins by guidingients in a structured way,
suggesting them a path to understand the statement ofdhkem. Faced with a
student that still did not understand the task, sheedses the questioning level and
acts in a more structured way, suggesting how to readata in the bar graph (“The
hamburger and fries was the most voted meal . e .h&ve to look . . . And try to
figure out which bar graph is the hamburger and fries...”)

During students’ autonomous work, Catarina walks arouadctass and questions
the students. She looks into the work of Jorge, a stutiahtapparently solved the
task without difficulties and questions him:

Catarina: Jorge... How many students chose... Hambargkfries?
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Jorge: Well [if] here it is twelve (he points toet vertical axis)... Here should be
thirteen?

Catarina: Thirteen? Let us see if this is thirteen

Catarina challenges Jorge to explain his answer through gpestioning to assure
that he can read the data in the bar graph. By doing tlepatices that the student
had answered correctly to the task but he did that witkiwatving how to read the
data (the bar graph scale). Catarina chooses to astutient to explain her the bar
graph scale, guiding him in a more structured way:

Catarina: So [let us look into] the graph... Let losk closer to the number of
students... It is jumping how much?

Jorge: ...Four and four!
Catarina: ...And where is the number zero?
Jorge: Here! (pointing to the right place)

Catarina: So let's complete the scale [in theigaltaxis] ...So... Four and four...
Zero... Four... What about here (she points to thekbkrace between 0
and 4)? What is this?

Jorge: [The number] two!

Catarina: So write it down... (Jorge completes theph scale). So... What does it
say to us? ...How many [votes] are there (she pointee hamburger and
fries graph bar)?

Jorge: Fourteen...!!!

Catarina questions Jorge in a structured way focusimgn the graph scale. She also
wants to assure that he can read the data (by idegtifiie bar graph scale and the
“0” location). The student seems to finally understandsitee of the bar graph, as
he can complete it, and gives a correct final answer (tEenr..!!"). After helping
Jorge, Catarina continues to help other students and aliwesethat some of them
are having a hard time in finding the meal that matchesath bar graph. So, she
decides to anticipate the whole class discussion, by sdlventask with her class, on
the board

Catarina: ...How many students picked the hambuagdrfries meal?
Yara: Fourteen...
Catarina: Fourteen... How do you know that?

Yara: Because... This is twelve... (she points toltlamk space that corresponds
to twelve in the vertical axis) (silence)

Catarina: And the graph [scale] is jumping how hic
Yara: Two and two...
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Like she did with Jorge, Catarina challenges Yara thopgim gquestioning to assure
that she can read the data. Yara justifies her answevrirsg that she understood that
the graph scale was two and two. Catarina understarstusant’s reasoning but she
feels that a better explanation is necessary (that coullleeifara’'s colleagues to

also understand her reasoning) and she questions Naamore structured way

(“And the graph [scale] is going from where to wheje?”

In the last two statements (that is, €) and f)) studentseshamore difficulties in
providing a response as it is necessary to switch ther afdthe statements. At the
beginning of the whole class discussion, Antdnio offehémself to participate.
Earlier, during the students’ autonomous work, Catarotaed that in statement e)
Antonio justified his answer using half of the informatigrovided (if one column is
greater than another one and if codfish has more voaeshtiaked fish, codfish will
be one column and baked fish another one). So shedriiteto present his answer
during this discussion of this statement:

Antoénio [as he points to the fifth column]: [Theg the codfish...
Catarina: Why?

Anténio: Because it has more than this one [hatpdb the third column].
Catarina: Hum... How many [votes]?

Antonio: Two...

Catarina: But the codfish has plus four votes ttienbaked fish... How many votes
does this has? [she points to the column chosé¢hebgtudent]

Anténio: Two...

Catarina: You have two votes...? So two plus fourowHnuch is it?
Anténio: SiX...

Catarina: Do you have any [column] with six?...

Anténio: No... Just five...!!!

Catarina questions Antonio in a structured way so he eaew the steps of his
reasoning. She rereads with the students some parte aftatement of the task,
guiding Anténio to read the data and to read between the W#ian Antonio
justifies his answer, she leads him to read betweerd#lt® and afterwards she
guides him to focus into reading the data that he had memdiér (analyzing the
value of the remaining columns and comparing it with tladesaf the graph).

In the discussion of the second question of the td&skanine the graph that was
done. What could be improved? What is well done?”), @atdeads her students in
how to read the data. Her actions vary widely:

Catarina: ...l am looking into... This graph... Tell s@mething... Is it correct?...
Vanessa: It is incomplete!... It is missing theaise.
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Catarina: Where?
Vanessa: Here! (points to the horizontal axis)

Catarina: It is missing the meals... So we could...cbmplete it, what should we
do?

Students: [Write] the [meal] names...

Catarina: [Write] the [meal] names, isn't it?..h¥{ else?
Xavier: The title!
Catarina: It's missing the title? Isn't it? If Lldd a graph like this... It's missing the

graph title! A graph must have a title!... Now tele something... In the
[bar] graph can | draw... (she increases the lasgksgrh width)

Students: Aaaaahhh (reacting negatively)!

Catarina: Why are you reacting like that “AaaaR"?!
Leonardo: Itis a super meal!!l (he laughs)

Catarina: A super meal?!?!

Leonardo: Teacher... It is occupying too much space!
Catarina: Too much space... So these [graph] bars...
Leonardo: All the [graph] bars must have the saire...

Catarina: ...The graph bars have to be always... Wi¢ghsame width... So... Can
they have different sizes? They can't, can they?...

While guiding students in reviewing the conventions @fpys Catarina challenges
them through open questioning, so they can find what ¢a@ improve (“What's
missing?”) and asks them in a structured way to explaéir answers (“Where?
What?"). She also goes beyond what was asked in tkebyashallenging students
and testing them about the width of columns (giving théimad example”). So, she
challenges students to justify why “all the bars must liagesame size” and leads
them to show that they understand that in a bar grapty éar has the same width.
After the whole class discussion, she systematizesealhformation discussed with
her students and she writes it on the board.

DISCUSSION AND CONCLUSION

During the class, Catarina’s actions are mainly basedhailenging through open
guestioning and questioning or asking to explain in a tstreid way. Therefore she
leads students to explain their answers and to discassotiventions and rules of
graphs, guiding them into the understanding of the nanacteristics of a bar graph
representation. When students were able to identify amtkrstand the graph
conventions it was easier to them to read the data amdttheead and establish
connections between the data (Curcio, 1987).
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Faced with students’ difficulties in reading the data @dieg between the data,
Catarina decreased the questioning level. When shedusséd her questioning in
reading between the data, she then led students to readata. She also used
different questioning levels (open questioning, questioning struectured way, and
suggesting) according to the difficulties that student®waperiencing. On the other
hand, when students were having no trouble in reaitiagdata, she increased the
questioning level, challenging them so they could read dmiwthe data. The
decision of increasing or decreasing the questioning kevelell as picking the right
moment to do it was an important element of Catarinaisres;tbecause she had to
be concerned with the risk of jeopardizing the studexdsvity on the task, making it
too easy or too hard.

During the whole class discussion, Catarina chose taideth right and wrong
answers depending on what she wanted to explore (Bi&®offree, 1986).

In conclusion, to help students to read the data Catagirided her students,
questioning them in a structured way. At the same tinetesided to challenge the
students through open questioning to help them to reagtbptthe data. Faced with
students’ difficulties in solving the task, she emphasthedvhole group discussion,
challenging and guiding students to present and to exylainsolutions, in order to

assure that everyone could understand their colleagum®. Catarina did mostly

challenging actions through open questioning and guslipgorting actions (Ponte,
Mata-Pereira, & Quaresma, 2013), questioning studengs structured way in the

three moments of the task, with very little use of suggestiiogiming actions.
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INNOVATIVE DIDACTIC SOLUTIONS FOR STATISTICS
EDUCATION IN ITALIAN SCHOOLS

Barbara Ascari
Italian National Institute of Statistics (ISTAT), Italy

INTRODUCTION

The Italian National Institute of Statistics (ISTAT) considers giromotion of
statistical literacy in young people as a strategic imvest for the future of society,
since statistics is seen as an essential knowledge to bemmmseious citizens.
Therefore, ISTAT is deeply involved in projects to t¢eednnovative didactic
products, which may let students learn basic statistical conirepts entertaining
way.

FRAMEWORK

Promoting statistical literacy does not mean teaching techrikiéd, dout rather
promoting the ability to critically read and interpret datal Bnmake decisions using
statistics. Statistical literacy is as necessary as @ihdamental competencies, such
as reading, writing or speaking (Schield, 1999).

Statistics is generally considered boring and difficult $tydents. Moreover,
motivation plays an important role, because learning regfforts and people do
not effectively apply effort without being strongly motivatddaditional teaching
generally does not improve motivation. We have also to takeattount that in our
communication society young people spend an enormousint of time consuming
digital media. Therefore, the deep interest in technologiesg people show could
be the key to catch their attention and to involve them effgtiincreasing
motivation. (Prensky, 2006)

As well as technology, learning-by-doing may help incrgasiotivation and

involvement and the comprehension of statistical concepts thaitectly managing

statistical data. It has proved to be one of the mosiviative and effective learning
method by now, since the use of real data develops atritiinking and the

understanding that statistical skills are necessary irygagiife (UNECE, 2012).

METHODS

ISTAT creates didactic products with the help of teachamnsl students as
stakeholders for designing and testing them through faposips, to devise
guaranteed best practices. They can be then standahatidepublished on the Web
in institutional sites for broader use by other Italian stshaxcordingly to the open
access policy and with support of ISTAT experts. ISTiay receive feedbacks
from users to improve these tools and develop new,anach is important to create
really effective products and thus in bringing statisticsnewearer to users.
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According to this, ISTAT has recently developed two edarat products, focusing
particularly on learning-by-doing and technology.

“Facciamo statistica!”l(et's do statistic3!is a didactic Kit for students aged 11-13
carried out in partnership with the Foundation Giovanni Agnalli private
organization in Turin. The focus of the Kit rests in questares on three themes:
Environment, Gender stereotypes, Spare time and eatitg.HBhese questionnaires
involve increasing difficulty, in order to adapt to studestatistical knowledge level.
Students directly experience statistics carrying out stalisticaeys in class, both by
paper and on line. A methodological manual helps imlgoting surveys in class.

“Scuoladistatistica-Lab"” $choolofstatistics-Lgbis an online platform specifically
for students aged 14-18 and it isvarkroomfor statistical knowledge. An interactive
and dynamic visualization toolSfatistics eXplorgr is embedded. It allows to
experience statistics using real data for data analpsistatistical storytelling. It is
designed with four growing levels of difficulty to adaptiéferent levels of students’
statistical knowledge and to gradually guide their improents.

“Facciamo statistica” has been tested by about 700 rdwudd lower secondary
schools in Turin and surroundings, while the prototypthefLab has been tested in
upper secondary schools in Rome, Florence, Bari, and Rotdesting has been
supported by ISTAT experts. Through the feedbackswedeboth tools have been
suitably integrated/modified and then officially released drAlIBwebsite.

PRELIMINARY RESULTS

A community of teachers has been created to sharegiemnpes using ‘Facciamo
statistica’. Experiences reported show that the learmyndeing approach gives
better results because it improves motivation and allesdents to work
cooperatively. The Lab presently counts about 1000 uset® particularly
appreciate both the learning-by-doing and the playful a@mives. Users, teachers in
particular, also appreciate the opportunity to create a caiityrand share statistical
analysis.
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EXPLORISTICA - ADVENTURES IN STATISTICS

Pedro Campos
LIAAD INESC TEC and FEP, University of Porto, Portugal

INTRODUCTION

Exploristica - Adventures in Statistidsvww.exploristica.com), is an itinerant
exhibition consisting of various interactive game-based iesdwith the aim of
bringing the fundamentals of Statistics and Probability tac&ithnal communities,
conveying the concepts in a practical and experimental Wais intended for
students of upper basic and secondary school (12 tedr&). Ordinarily, when a
student plays a game on a computer, a great deal cfudatgenerated, but never used
(Erickson, 2013). In Exploristica there are six games atiter interactive
experiences whose data can be manipulated. It desdibdmportant phases of the
statistical process - Select, Collect, Describe, Estimatdraerpret. In theNVelcome
Module participants introduce their data and produce graptisables and discuss
the main results. In th&rchery, players use a real bow to shoot arrows at the target
and use distances to the target center in order to tearnoncepts of location and
dispersion. Inside theSubmarine participants perform a journey through an
underwater ecosystem where they need to collect plearha new species of reptile.
Then they produce box and whiskers plots of the datdjetp determining the
subspecies of the reptile. TBensus Quizis a set of questions, based on Portuguese
Census 2011 data, which players have to answer iiash@n of “Who wants to be a
millionaire”. In False Dice participants use four dice, which they roll to discover
which of them are fake.

BOX PLOTS AND THE INTERACTIVE SUBMARINE

Boxplots, box plots, or as Tukey box graphs (Tukey,7}9are graphical methods of
representing important characteristics of data, baseatiefive-number summary of
the data: minimum, maximum, 1st quartile, median andgBattile (Everit, 2006).
These types of representations, focus on three mdimészof the data: 1) Center, 2)
Spread, and 3) Shape. Few arguments exist against theheelwts in the teaching
and learning of statistics. However, according to BgkReshler, and Konold (2005),
some of the features of boxplots make them partigutiifficult for young students
to use in authentic contexts. These difficulties includebd®plots generally do not
allow perceiving individual cases; (ii) boxplots operate difidlgethan other displays
students encounter; (iii) the median is not as intuitive taestis as we once
suspected; (iv) quartiles divide the data into groups insvthgit few students few
students (or even teachers) really understand. Thati®ra recommend that
educators consider these features as they determimthevh how, and when to
introduce boxplots to students. In the Interactive Submésiee Fig. 1), participants
start by seeing a movie in the right part of the module evbieey are trained about
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the goal of the game, and the statistical concepts beingetbaThen, they have to
capture the reptiles, using the joystick in the left part efrtfodule. A balance, a
ruler and a camera are ready to measure weightsizgdn the laboratory at the right
part of the module with a 4D (augmented reality) device.

. Ccamera
Main

window and
radar of the

submarine Rulerand balance

Piece for augmented
realitywhere the

reptiles are transported
" under captivity

Joystick for
capturing

the reptiles — I .
" - . Numpad for

| entering the
information

- aboutthe
charactersitics

Figure 1: Left part (4ain submarine W‘indow) and right‘ part (laboratory) of the
interactive Submarine.

Taking into account the existence of three different gatiss of the reptile in the
lake, which are distinguished by their main charactesigweight, age, and size),
participants have to produce boxplots of these varialldscampare them with the
boxplots of the population to identify the subspecies that baem collected. We
observed that younger individuals seem to be moreapedto analyze and interpret
boxplots.
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COMMUNICATION, ACTIONS AND QUESTIONS OF ONE
TEACHER IN CONDUCTING STATISTICAL TASKS

Ana Caseirl Jodo Pedro da Poht€ecilia Monteird
Ynstituto de Educacéo da Universidade de LisboauBatt
“Escola Superior de Educacao de Lisboa, Portugal

INTRODUCTION

The importance of statistics education in the early @iclyears results from its
contribution to the development of students’ critical reasqniridch is essential to
their school life and mainly to their citizenship (Batanerodi@o, & Roa, 2004).
This research is part of a broader study aiming torgtaled the teaching practices of
elementary teachers regarding statistics educationisipaiper we focus on the types
of communication, actions and questions privileged by amehtary teacher in
conducting statistical tasks.

TEARCHERS’ PRACTICE IN STATISTICS

Several aspects have been recognized as fundametitaldanalysis of the concept of
practice. Brendefur and Frykholm (2000) highlight the ingoze of the nature of
communication that occurs in the classroom by proposingpdel with four types of
communication: (ijuni-directional communication; (ii)contributivecommunication;
(iii) reflectivecommunication; and (ivinstructivecommunication. Associated to the
type of communication, the type of questions that are beikgdaare important.
Love and Mason (1995) distinguish three types of questi¢i) focusing (ii)
confirmation and (iii) inquiry. In turn, Ponte, Mata-Pereira, and Quaresma (2013)
propose a framework of analysis for teachers’ actionsonducting four types of
main actions: (ijnviting; (ii) supporting/guiding (iii) informing/suggestingand (iv)
challenging

Wild and Pfannkuch (1999) consider that statistical wair@uld be developed with
students through five basic stages that they call “investegaycle”: (i) problem (ii)
plan; (i) datg (iv) analysis and (v) conclusions From their perspective, all
statistical work focuses on some or all these stageisgbpossible to analyze
teachers’ practice, specifically their actions, communioatiand questions, through
the investigative cycle’ stages that have been workétkiclassroom.

METHOD

The methodology is qualitative and interpretative following & ctisdy design. Data
were collected by conducting a semi-structured audio-decbinterview to a
grade teacher, and through participant observation déssons. Data were analyzed
according to the investigative cycle’ stages (Wild & Pfamhkul999) and by
adapting Brendefur and Frykholm (2000) categorization fbe types of
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communication, Love and Mason (1995) for the typeguafstions, and Ponte, Mata-
Pereira, and Quaresma (2013) for the types of actions.

RESULTS

Feeling unsatisfied with the previous work developed in claased on textbook
tasks, the teacher decided to propose her studentssticgthinvestigation. In the
problem data and conclusionsphases of the investigative cycle, she encouraged
students to reflect causing them to engage in the classtisoourse by rising mainly
focusing and inquiry questions, inviting them to participate and guiding their
discussions, in some cases challenging them to go fuitther they did in their
autonomous work. In theglan phase, the teacher kept the leading role in making the
decisions about what to do. In taealysisphase, the teacher tended to dominate the
discourse, clarifying some concepts and statistical reptatons, assuming the
leading role although putting sonm®nfirmation questions, which seems to be in
accordance with a kind afini-directional and contributive communication. This
appears to be due to the fact that she perceived tldetoesldress some statistical
issues with the class that had already been worked euttloe school year, but that
this study showed that they had not been understood ebttitents. Thus, it is
possible to observe that although the teacher’s typesywrhomication, questions and
actions change throughout the work with students, sheedetadassume a kind of
teaching that highlights students’ expression, promotesiective communication,
especially withfocusingtype of questions, and challenges students at speoifitsp
thenguidingthem in the course of their work.
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THE ROLE OF THE CONTEXT DURING A STATISTICAL
INVESTIGATION WITH CHILDREN

Susana Colago
Escola Superior de Educacéo do Instituto Politécnico der8emtdIIPS, Portugal

INTRODUCTION

During the last years there have been several intena&t recommendations
concerning the importance of working with statistical tasksthe early years.
According to GAISE report (2005) over the previous y&ars, the learning of
statistics has been an important issue in pre-K—12-mathesrcurriculum with the
introduction of statistical concepts as early as the first grad€TM (2000) states
that mathematics curricula from prekindergarten throughegt&dreinforces the need
to work with students in formulating questions that can beesddd with the
collecting, organizing, and displaying the relevant data $wvanthem.

THE ROLE OF CONTEXT DURING STATISTICAL INVESTIGATIONS

Gil and Ben-2vi (2011) claim that knowing and understagdire “real-life” context
of a statistical task plays an important role in the studemigbpnance. Langrall,
Nisbet, and Mooney (2006) stress that the knowledg®iatext can be an important
factor for engage students in statistical tasks. The immpm®taof offering
opportunities to students that support them to integrate contexdalstatistical
information is also discussed in Langrall et al. (2006), wtwsider that the context
knowledge is used by students in different ways: t@stplata interpretation (most
common); critical assessment of the data and in some caseproductive to the
data analysis. Ben-Zvi, Aridor, Makar, and Bakker (90d®cussed the roles and
relations of the context knowledge — about the contexthef situation of the
statistical investigation and data knowledge — arisimgnfdata collected during
students’ informal inferential reasoning. They noteat gtudents develop gradually,
but inconsistently, an understanding of making informdérances using both
context and data knowledge.

METHOD

The main goal of this ongoing research is to understied role of context
knowledge during a statistical investigation. This commation presents an
experiment of a statistical investigation performed in tessons with a" grade
class. The methodology used qualitative and interpretatipeoaphes and the main
instruments of data collection involved observation, aaaid video recordings and
the documents produced by students. The analysis foousim presence of context
knowledge, during the statistical investigation task, and &edaipon the three
categories mentioned in Langrall and colleagues (20@bakeady presented.
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SOME RESULTS AND DISCUSSION

Although the two lessons included in the present studwataprovide conclusive
evidence regarding the role of context knowledge, theyilldstrate how this
knowledge can support students during a statisticalstigation. It was observed
that, with the use of a real context, the children showeiglainvolvement with the
task. The contextual framework for the initial questionstdtistical investigation
(“Do we weigh more now than last year?”) was built usingegperiment the class
made in the previous year, related to a child obesity grofgben discussing the
question, it was noticed that the students frequentlyctalpon the knowledge and
memories they had from the previous study and of its ghntesing in their
predictions some of the background acquired during tieiqus experiment. During
data collection, some of the children showed some difficuiltiasnderstanding the
methodology used to collect the data, in some casegalthe context knowledge
gathered from their day to day experiences. While in ig@sentation there was no
evidence of the use of context knowledge, during dasdysis it was noticed that
some students used their previously gathered knowletfiglee context but in this
case some conflicts arose between their context knowledge the data
representation. During the discussion involving the whdiessc the context
knowledge based on their experiences is used, ifcplart in association between
variables and in finding relationships in the data presera graph. Finally, this
study’s main results emphasize the importance of usifgcoedext in a statistical
task and as it is referred by Langrall and colleagu@8gR the most frequent way the
children used context knowledge, in this study, was tpauplata analysis.
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INQUIRY-BASED TEACHING IN STATISTICS AND
CHALLENGES FOR ELEMENTARY AND SECONDARY SCHOOL
MATHEMATICS TEACHERS

Everton Estevam, Marcia Cyrino
Universidade Estadual de Londrina (UEL), Brazil

INTRODUCTION

Statistics Education remains a challenge for Basic Educatiddrazil due to its
recent incorporation in the curriculum and the insufficieducation (initial and
continuing) offered to teachers (Costa & Nacarato, 208d¢h aspects point out the
urgent need for materials to support teachers’ work ahdadion. Therefore, we
have prepared a multimedia case involving Statistics in &itany School, fronthe
Multimedia Resources in the Education of Mathematicfiea Project[1], whose
aims concern the preparation of multimedia cases andtigagon their contribution
to the professional development of Math teachers (Cyimpress). The purpose of
this work is to highlight the challenges presented tohteracin lessons supported on
the perspective of the Inquiry-Based Teaching in Statistitivgi@, Menezes, &
Canavarro, 2013), namely the choice of tasks, planmagymunication, meaning
and lesson management.

METHODOLOGICAL GUIDELINES

Data for this report was collected during 5 lessons ofmiutes each, with 32
students from the " grade, aged between 13 and 17, from a public Elemyenta
School, in the city of Londrina, Parana, Brazil. Contents haig these lessons
included averages, arithmetic mean meanings (Batane@®) 20hd some of their
properties (Strauss & Bichler, 1988). All lessons wedicaand videotaped and, for
the analysis presented, these materials were complemeittednitten productions
from students and interviews carried out with the tealbbfore and after the lessons.

CHALLENGES FOR THE TEACHERS

The lessons analyzed, which gave rise to a case ofpéaignpractice, show, during
the interactions between students and teacher, teackethe groups and students
intra and among groups, some challenges related to #ohetes practice when
dealing with Inquiry-Based Teaching in Statistics, which aasibmmarized as:

- Task task choice is a fundamental element to reach the lesshiestives,
considering, most of all, the importance of prioritizingnceptual statistical
aspects over Algebra and Arithmetic. An open and lesstdie task leads to more
promising interactions, reasoning, and registers durirey l&arning process;
however, they demand assertive interventions from tiobéea
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- Planning: to anticipate possible strategies and students’ difficulties and
misconceptions is fundamental for the development of treoheand demands
consistent statistical and pedagogical knowledge, singmplies questionings,
analogies and the retaking of ideas and motivation thatqiesnthe engagement
of the students in the task without reducing its level ohitiug demand.

- Communication the teacher plays the role of an instigator/provokeipihg
students clarify ideas and strategies, which favors thelal@went of statistical
argumentation but also requires the special skill to listederstand and clarify
students’ ideas and strategies without directing them.

Meaning the meaning of statistics concepts depends, suladignon the context
and on the understanding of variability and uncertainty.sTho motivate the
clarification of registers, algorithms and computations iwitlhe analyzed
situation is fundamental and requires special skills fromeheher to be able to
understand the students’ ideas, expand them and relatetohthe objectives of
the lesson.

- Lesson Managementime is a complex aspect of Inquiry-Based Teachimg
Statistics since it demands deep knowledge of didactics gretiemces for the
improvement of the how to manage it during the phastsedésson.

Such aspects seem to constitute substantial elements to heéeoeshsduring the
educational processes and on the practices of teasherseach Statistics in Basic
Education, to foster the improvement of statistics teachindesamding.
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INTRODUCTION

This communication reports to a wider study about statistimaledge for teaching.
We focus on Sara and our goal is to identify the knogéetthat the teacher uses to
prepare a modelling task for a two-dimensional distribytenmalysing her actions
from the conception of the idea for the task to the tdation of the questions.

THEORETICAL FRAMEWORK

There are some inherent difficulties in the teaching of statistiith regard to two-
dimensional distributions, several authors have reporteddmplexity of teaching
and learning data and bivariate relationships (Engebelimeier, 2011). These
relationships often underlie real phenomena models andbeampproched by
mathematical modeling using statistics — that we call statistitodeling. The
modeling is developed through a cycle with several haséhich involved
mathematical knowledge and knowledge from other aregmriicular related to the
contexts of the reality of the modeled situation (Ferri, 200B)ese extra
mathematical contexts, were data are immmersed, argniged as well as necessary
knowledge for the teaching of statistics. Groth (2007ppses a model of statistical
knowledge to teach, that we adopt here. Groth advocateseth@d for common
statistical knowledge and specialized statistical knowledge fitkt held by those
who know statistics and the latest specific to those whthigaroth also considers
that both knowledges may or may not be mathematical (Figure

Statistical
Knowledge for
Teaching

A/In’c_ludes lnclud&\
Both must be s
ool s activated for many ------ - Spacislizad
e e pedagogical activities =

Both must be
Mathematical ) <-=--== activated for many -------= Nonmathematical
statistical activities

Figure 1: Hypothesized structure of statistical knavledge for teaching.
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METHODS

This research is interpretative, following a case studigdg¥in, 2003). The data

analyzed here refer to a modelling task specificallyettpped by Sara for her

students of professional sports management coursecblieation accompanies Sara
since the emergence of the idea for the task to the fafiomi of the questions.

RESULTS

The idea for the creation of the task emerged from rapetition for children
organized by Sara students. The teacher promoted dkgetion and the analysis of
the situation by her students, urging them to conjectuceitatelationships they
observed in children. Examples of these conjectures: WeEhe weight is likely to
influence the race ... the heaviest should take longed™&he weight can influence
the number of hops ... the lighter may jump more &ft&Sara took these conjectures
as a starting point for the development of the modelling, tes which included
photos from the competition, revealing specialized nonmadtieah knowledge. She
created registration grids for collecting data for hewudents, showing
nonmathematical common knowledge. She included a queas&img for “the
construction of three types of linear correlation”, integdiio analyze that the
intensity of the linear correlation coefficient can vary. Sheealed here some
inaccuracies, concluding that her mathematical commowlkdige lacks depth. She
included in the task issues related to the interpretation athematical results
obtained from the linear regression line and its conframtawith reality, showing
specialized mathematical knowledge. These results highlightragdity of her
mathematical knowledge and the strength of her nonmatli&nowledge—
provided by direct contact with reality.
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DEVELOPING STATISTICAL LITERACY IN5 ™ GRADE: A
TEACHING EXPERIENCE

Catia Freitas
Escola EB2,3 do Bairro Padre Cruz, Portugal

THE STUDY’S PURPOSE

The purpose of this study is to analyze students’ legiinithe ' grade, as part of a

teaching experiment aimed to develop statistical literacysied on data reading and
interpretation. Based on the ability students demonstrateadoamed interpret data in

graphs, this study sought to answer the following qoesti What learning do

students show in reading and interpreting bar, line, stedrleaf and pie graphs?
What are the main difficulties of these students befarend and after the teaching
experiment, regarding graphs reading and interpretation?

STATISTICAL LITERACY

Statistics is still often taught as a set of formulas andeghoes that students have to
memorize and apply in routine problems. However, thesaging need to deal with
statistical data in our daily life, led to the rise of thecmrn regarding statistical
literacy. This is the ability an individual has to understant&rpret and critically
evaluate data organized in different representationstarappreciate, discuss or
communicate their reactions to statistical information, inrotterds, their opinions
about that information and the reasonableness of theiclusions (Ben-Zvi &
Garfield, 2004). Students’ ability to read graphs hasived increasing importance
in research. The graph sense or understanding invieeling and making sense of
it in real life situations, as well as the ability to cregtaphs that best convey
information and data (Bright, Curcio, & Friel, 2001). Cur¢k®87) defined three
levels of graphs reading and understanding: Lev&ehld the data Direct reading
of a graph, without any interpretation, given the factly @xplicitly represented,;
Level 2: Read between the dataRequires some comparison, with knowledge of
mathematical concepts and skills; and LeveR8ad beyond the dataRequires an
extension of the concepts, prediction, or inference.

RESEARCH METHOD

This study follows an interpretative and qualitative researetihodology. A teaching

experiment was developed with a™ 5grade class who solved ten
research/exploration/problem tasks, during seven 90 milesgons. The author
assumed the dual role of teacher and researchestiidhents have previously worked

with graphs in the'3and 4" grades. Different methods were used in data collection:

participant observation; documentation collection; semi-stredtimterview (three
case studies); initial and final tests. The categories comsideere: the strategies
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used by students in the exploration of the proposeds;tasiels of reading/
comprehension and interpretation of graphs; the difficultieg thanifested.

CONCLUSIONS

While solving the proposed tasks, with regard to issueshiimg literal reading of
graphs most students did not reveal difficulties. As Cu(t287) contends, this is
due to the fact that the students do not have to perforimtenpretation of the data,
resuming themselves to only extract the explicit information éngtaph, or in its
elements. They also show difficulties in handling ratiomaimbers in pie charts
especially concerning the notion of percentage. Regaldire 2 and 3 questions,
students reveal more difficulties, especially when thesed to apply other
mathematical knowledge to answer the questions. Througheuteaching unit,
students reveal difficulties in written communication. It is datsde noted that they
had great difficulty in summarizing graphs as they tenddoelm enumerate what is
explicit in there.

In the course of teaching unit, students evolve positivelggoable to better explain
their reasoning and be concentrated and attentive ty detail of the graphs. By the
end of teaching unit, they are able to make a literaingeand extract explicit data in
charts and also interpret them. The students reveal gg®gn their mathematical
communication skills, with increasingly clear and elalbed answers, presenting
their reasoning in an understandable way. They are glrebte to compare
representations or use other mathematical conceptsasutle case of the four basic
operations or apply their previous knowledge of rational bemhas a way to help
them to read and interpret pie charts, thus starting toaettedir statistical literacy.
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5" GRADE STUDENTS' INFORMAL INFERENTIAL REASONING
WHEN USING TINKERPLOTS
Marisa Gregérih Ana Henriques Hélia Oliveird
'EB 2,3 Cardoso Lopes, Portugal
?Institute of Education, University of Lisbon, Portugal

INFORMAL INFERENTIAL REASONING IN THE EARLY GRADES

Statistical inference is both a central objective of statistezsoning and one of the
most difficult ideas for students to apprehend. Recogniriedact that students have
some sound intuitions about data, recent curriculiemtations and developments in
statistics education suggest the promotion of studentsiential reasoning from
early years of schooling (e.g., Ben-2vi, Aridor, Mak&rBakker, 2012; Franklin et
al., 2005). This exploratory study documents the effofatditate the emergence of

informal inferential practices with"5grade students when exploring tasks oriented

for statistical reasoningupported by theTinkerPlots for data handling. In this
communication we focus, particularly, on what aspeztsinformal statistical
inference (I1SI) emerged in students’ work and on thificdlties regarding those
practices.

Informal inferential reasoning (lIR) is described asirg#ormal process of “making
probabilistic generalizations from (evidenced with) dhtt extend beyond the data
collected” (Makar & Rubin, 2009, p. 83) involving: gerleaions that extend
beyond the data; the use of data as evidence foraeadions; and the use of
probabilistic language in describing the generalizations intduceference to levels
of uncertainty about the conclusions drawn. In an attémprticulate the everyday
data-based classroom practices and the possibilities tesgmirto develop students’
IIR, Leavy (2011) suggests certain activities such asetiigat: (i) require students to
look at the sample data first, in an effort to identify uhdieg patterns and then to
make generalizations beyond a sample to the populatios; (# involve the
comparison of two data samples to ascertain the exestehdifferences between
populations. Moreover, task’s selection to support R be informed by the degree
to which they require students to get involved in thevabdescribed basic
components of IR (Makar & Rubin, 2009). Several Esdon the affordances
provided by dynamic statistics learning environments, suHTiakerPlots for
making inferential reasoning accessible to young studBets-Zvi et al., 2012) also
found very encouraging results.

METHODOLOGY

This study arose in the context of a developmental rdsgaaject (DRP) which
strives to develop understanding of how sequences ofidtisinal activities, based
on TinkerPlots' use, promote students’ statistical reasoning. It involM@dtudents
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considered quite problematic by the teacher (the first guittoo participated in the
above referred DRP. Data collection was carried ounduour 90 minute lessons,
and included: (i) the students’ written work on two tatkat present the features
suggested by Leavy (2010) and enable them to experimeaningful aspects of the
statistical inference practice in an informal way; ands@ieen records of their work.
A qualitative and interpretative data analysis, using the frameby Makar and
Rubin (2009), provided insights on characteristics of |$héstudents’ work.

RESULTS AND DISCUSSION

When solving the tasks the students formulated questionsanjectures based on
available data. However, their work did not show clear radtaristics of
generalization based on data or the use of data as ewiftlenthe generalization. In
fact, students made inferences based on their ewekyaawledge, as they presented
statements supported in their experience and/or perbehiafs, not recognizing the
need for data to make decisions and evaluate informabtmreover, students’
conclusions reflect that they are able to analyze repwgers they did with
TinkerPlotsbut they simply make a direct reading of the datadmdot understand
that those vary, sometimes predictably, being potentialljulisgfexplain or predict
trends. Thus, students’ inference making was stilitéd. Students also used
probabilistic terms in some of their conclusions, though witheference to levels of
uncertainty. While the interactions between studentsaduheir work on the tasks
had an important role in familiarizing them with the sofevand some notion of
informal inferences emerged, the identified difficulties r@ioé the need of working
for an extended period on these ideas from the eadssyof schooling.
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STATISTICAL LITERACY IN TEACHING OF NATURAL
SCIENCE

Aneta HybSovéa
Charles University in Prague, Czech Republic

TYPES OF STATISTICAL LITERACY

It is debatable if teachers of natural science shouldatistitally literate. There are
several reasons for statistical literate teachers:

Understanding common situations is important because media use numbers and

statistics on a daily basis (Watson, 1997). But theeelatr of people how don’t
understand them. Teachers as people transferring kdgeviehould understand any
newly published research or statements in their field.

Students have twrite their final thesis which usually has a practical part as well.

Such part contains statistical evaluation of data. Howestedents who never had
any subjects related to statistics or quantitative resezmctexperience problems in
using statistical methods when they need to evaluate data.

Sometimes it is much better poovide pupils with some real-life examplethan to
merely explain the subject matter. Ideally through, aardisciplinary connection
should be employed. Nature science subjects can bey eesiinected with
mathematics. For example, the teacher should collectfrbetastudent experiments
and finally make some comparison of results.

The following reasons imply three types of statistical lite(&ady. 1).

Common public
knowledge

Research
knowledge

Figure 1: The division of statistical literacy intodifferent types of knowledge.
Common public knowledge

Each person should understand the socio-political situatidms or her country.
Information about policy, economy and social affairs presented in newspapers,
televisions and internet every day usually via numbeea(nof wages, percentage of
preferences or estimated inflation rate). Comprehendindnfbemation should be
learnt at elementary and high schools. That covers adgriptive statistics, such as
mean, mode and some basic information about variarttprabability.

112

HybSova

Didactics knowledge

Teachers of nature science conduct experiments toiexgtladents the validity of
global principles (in the sense of Burgess, 2011). [utime evaluation of the
examples the teacher gains data which needs to be g¥d¢ceanalysed and
interpreted. The process should be demonstrated to ttutlenause it is only
practical usage of mathematic in interdisciplinarity with reatusciences. The
connection between research methods and teachingicpracdescribed by Garfield
& Ben-Zvi (2008).

Research knowledge

A modern teacher should also have the ability toystbd latest trends in his or her
field. Every teacher comes across statistical terminologpaks and articles. That is
very often the case in natural science and in res@éangldagogy. It is necessary to
educate student as future scientists and encourage these tecientific methods
(Rumsey, 2002). Students should be able to ask questimies;t data, use statistical
tools, interpret results and draw conclusions. Students aregaisg to write their
final thesis. Tulder (2012) defines types of researahfifishing bachelors and
masters. Bachelors make a research based on theiqusstions. A broad spectrum
of research methods is understood so that a studenttwzse the best method
concerning the research topic. Finishing master studentsldta other people’s
experience into their own research questions. Theyldhmow a wide range of
research methods (Tulder, 2012). Research knowledgehals to be provided by
universities because a diploma thesis is a proof not onlyeaduhlity of the student
but it also shows the quality of the university.

HIGHLIGHT

All three types of described types of statistidedrbcy should be provided by universities. Thehant
recommends implementing some interdisciplinary layper to subjects which will ensure complexity of
teachers’ education. However, this is not curreatiice in the Czech Republic.

The study was supported by the Charles Univemsi§rague, project GA UK No. 341115.
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RELATIONSHIPS BETWEEN HYPOTHESIS TESTING AND
PROBABILITY/OTHER INFERENCE TOPICS

Hyung Won Kim
University of Texas-Pan American, Edinburg, Texas, Uritedes of America

RESEARCH BACKGROUND

Garfield and her colleagues (2005) emphasized the tanpoe of statistical literacy
and reasoning in college level statistics education; statiditesacy refers to
“understanding the basic language of statistics” (p. aAy statistical reasoning
refers to understanding statistical processes and interprstatistical results.
However, university students in introductory statistics ca@irsemmonly hold
misconceptions about the terms used in inferential stati&lastro Sotos, Vanhoof,
Can den Noortgate, & Onghena, 2007). For exampliéedidos and Batanero (1997)
found that college students commonly develop miscdimepin their understanding
of hypothesis testing at the introductory statistics levetoiding to Castro Sotos et
al. (p. 103), “[tthe main reason for this phenomenonthiat performing these
[hypothesis] tests requires students to understand eathlb to relate many abstract
concepts such as the concept of a sampling distributiensignificance level, null
and alternative hypotheses, fhwalue, and so on.” Taking up this line of research,
the study reported in this paper inquires into how tyostedents’ understanding and
performance of hypothesis testing (HT) are related ta tinederstanding of the
topics of ‘null and alternative hypotheses’ (NA), ‘samglidistribution’ (SD),
‘rejection region’ (RR), ‘confidence interval' (Cl),p-value’ (PV), ‘conditional
probability’ (CP), ‘significance level’ (SL), ‘type 1 and Zrers’ (ER), and ‘Modus
Tollens reasoning structure’ (MT).

To assess student understanding of these ten topicstutheuses three parameters:
lexical understanding (knowledge of definition), procedurpkrformance
(computational ability) and conceptual understandingdétstanding statistical
concepts and developing interpretation skills). Lexical wideding is assessed
because while the development of statistical literacy regjaifgasic understanding of
statistical terminology (Rumsey, 2002), the literaturewshthat students develop
misconceptions of statistics terms. The assessment @xlatlidents’ procedural
performance because while calculations do not denaiastunderstanding of
statistical ideas (Garfield et al., 2005; Rumsey, 2062Iculation is still integral in
the textbooks currently used in the US. Further, asggssinceptual understanding is
critical because statistical reasoning, as Garfield et 2005) assert, implies
understanding statistical processes and interpreting statistigalts; students can
improve their statistical competence by understanding staktistizacepts and
interpreting results (Rumsey, 2002).
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RESEARCH QUESTION AND METHODS

The main purpose of the study is to show how studenhiley of HT relates to the
learning of other statistics topics. Using the abbreviatfonghe topics, | ask the
following research question: To what extent does studdewg&al understanding,
procedural performance and conceptual understanditigeafiine topics — NA, SD,
RR, CI, PV, CP, SL, ER and MT - relate to their learningd®® This study further
aims to understand the extent to which students’ lexicalrataaheling, procedural
performance and conceptual understanding of the npiesteelate to one another.

The study’s participants are 242 students enrolled in ekamyestatistics courses in a
university in the US. The data are being collected via thuegegs, each of which
has 10 to 13 questions. The design of the survey queaiifes was inspired by the
database from the ARTIST, the items used by CasttosS&anhoof, Can den
Noortgate, and Onghena (2009) and my own experiefige. questionnaires are
intended to assess the three aspects of student legtaiigal understanding,
procedural performance and conceptual understandmtf)e ten topics.

ANTICIPATED RESULTS

| anticipate that the study results will show which topiage strong correlations with
HT in the three aspects of student learning of HT. Tisalt® will shed light on
which topics statistics instructors and educators teéutus on to improve students’
learning of HT in college level elementary statistics caurse
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SIXTH-GRADERS INTERPRETATION OF INFORMATION
USING BAR GRAPHS AND ISOLATED CASES

Ema Mamedk Liliane Carvalhd
ICIEC - University of Minho, Portugal
%Federal University of Pernambuco, Brazil

This study aims to understand the effect of differeptasentation of information
using clustered and stacked bar graph, and isolated cas Portuguese children’s
mathematical reasoning, when discrete variables areviewol

Nowadays, citizens have to deal with data information ptedeim several ways,
specially tables and graphs, demanding the ability to amabysd interpret
information. Statistic is one of the most relevant domainthefcitizen daily life
(Steen, 2002). The role of statistics on the understardditite social reality and also
its application on other domains makes it relevant sinaaegltary school levels.
Beyond this, Statistic may promote the development of etaderitical sense, which
is fundamental for students in particular, but also for anitizin general (Batanero,
Godino, & Roa, 2004). Statistic is one of the most relevantailts of the citizen
daily life. It may promote the development of students’ ciit®anse, which is
fundamental for students in particular, but also for citizengeneral (Batanero,
Godino, & Roa, 2004). Students should be aware of theepof the different types
of representation of information and its adequacy aaogrtb the situations and
nature of data. Bar graphs provide representationfofration that students should
be able to build, interpret and use in solving problentsiavestigations. This study
focuses on Clustered and Stacked bar graphs thataaseld to describe two or more
categories of a variable. Visually, Clustered bar graqaivides first the comparison
of different categories and after the comparison of¢haf the axis of categories. In
Stacked bar graphs each bar is divided into the numbeatefories, using different
colours or patterns. One of the problems of this reptasien is that the frequency of
the first category can compromise the reading of remaicétggories. Watson and
Moritz (2001) argue that students present different levélsesponse to the
representation and interpretation of information, andogiaphs can be seen as a
starting point for the development of the analyses atitels between variables. Also
Selva, Falc&o, and Nunes (2005), who analysed the cotolired isolated cases and
bar graphs on 39 children (6- to 8-years-old) aboututhderstanding of additive
concepts, argued that isolated cases can have an imtpoole on children’s
understanding of bar graphs. Concerning the represemtaf discrete variables,
Nunes (2004) argues that the use of isolated casdsasines the direct connections
between the signs and the units they refer to, makiagn similar representations of
the information; tables and graphs belong to the clasyrabolic representations as
they refer to relations between variables. Carvalho (RDO&stigated the influence

116

Mamede, Carvalho

of staked bar graphs, tables and isolated cases oto 1P3-years-old children’s
(n=226) understanding of multiplicative concepts. Resultgest that tables and
graphs enhance children’s performance in tasks edetat assess whether there is an
association between two variables.

This study addresses three questions: 1) Are thereratiffes on children’s
performance when the information is represented by cadstear graphs, stacked bar
graphs and isolated cases?; 2) Are there differencebillren’s reasoning in each of
these conditions?; and 3) What difficulties do childrens@né when solving
problems with information presented using these represergation

A survey by questionnaire was conducted with 6th gesader120) from public
Elementary Schools, from Braga and Porto. The taskadapted from the study of
Carvalho (2008). The children were randomly assigneddik in one of the three
groups:Clustered Bar Graph solved the problems using only clustered bar graph;
Stacked Bar Graphsolved the problems presented only using stackedrbph; and
Isolated Cases solved the problems with the information presentedisojated
cases. Each group solved 5 problems to interpret informattienproblems were
controlled for across the groups. Data collection ismetad and analysis is still
being carried out.

Preliminary results have been suggesting differences ciergii performance and
understanding of information according to the type of mgation. Educational
implications of these findings will be discussed.
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DON'T PANIC: IN-SERVICE TEACHERS’ATTITUDES
TOWARDS STATISTICS FROM ELEMENTARY SCHOOL

José Alexandre MartihsAssumpta EstradaMaria Manuel Nascimento
'UDINPG, IPG, Portugal
2Universidad de Lleida, Spain
SUTAD, CIDTFF- LabDCT-UTAD Portugal

INTRODUCTION

Teachers’ attitudes towards statistics can have a sigmtifietiect on their own
statistical training, their teaching of statistics, am@ future attitudes of their
students. In Portugal, research of attitudes towards Staitisdi a first Ph.D. work
published about Portuguese teachers’ attitudes towardstiSsafislartins, 2015).
This work is part of a broader study and focuseshemteasurement and description
of attitudes towards statistics of Portuguese in-servaehtgs from the 1st cycle of
basic education (ages 6 to 9). The instrument used Sddle of Attitudes Towards
Statistics (EAEE) by Estrada (2002). With this work h&pe that an attitudes’
pedagogy may be introduced. The main aim here is tamsuize this first
assessment and describe attitudes towards statisticstofrese teachers’ from the
1% cycle (pupils aged from 6 to 9). The specific objectise: studying these
teachers’ attitudes as a global measure and using trapanents (Estrada, 2002;
Martins, 2015); analysing the relationships between teschattitudes with
demographics and school training variables. Some ofrtfugmation is also crossed
with the one of our (qualitative) study by Martins, Nascitogand Estrada (2012).

METHODOLOGY AND RESULTS

The research method was based in the broader stu#yoded that was a mixed
study (Martins, 2015). The instrument used was the EfEfrada, 2002; Martins,
Nascimento, & Estrada, 2012), a scale specially ddsigteachers. There are three
generally accepted pedagogical components of the term daftifiguoting Aiken,
1970; Auzmendi, 1992; Gémez-Chacon, 2000; Olson & ZatA93 in Martins et
al., 2012): (a) Affective: feelings about the object irestion; (b) Cognitive: the
person’s self-perception as regards the object; (c)aBetral: the person’s
inclination to act towards the attitude object in a particw/ay. Estrada (2002)
complemented these threefold classical attitude componenth hree
anthropological components: (d) Social: perception of thkiev of statistics in
society; (e) Educational: interest in learning and teachiatistics; (f) Instrumental:
perceptions of the use of statistics in other areas. TRogiguese regions were
surveyed with EAEE in a total 852 in-servicédycle teachers’ valid questionnaires.
Teachers’ explanations of nine items were studied uzingent analysis (Martins et
al., 2012). This study confirmed the high internal consestef the instrument with a
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Cronbach alpha of 0,878. The multidimensional aspecthe@fEAEE — Estrada’s
components - also emerged. The comparison with EiaEEher countries reinforced
the acceptability of these results (Martins, 2015). Teacimethis study presented a
positive attitude towards statistics, since their mean globales and standard
deviation are: 87.9711.87 (globally varying from 25 to 125, and mean poiotisg
75). This study highlighted in a positive way the cognitive sowlal components and
in a less positive way, lower scores, the behaviouralretdimental components (cf.
Martins, 2015, pp. 261-288). The attitudes towards statistichese teachers were
not significantly related with their gender but were sigaifity related to their
teaching experience (younger teacher with a mediare ggeater than older ones),
their training in statistics (teachers with specific training itisttes in their degrees
had better mean scores) and the teaching of statigashérs that had already taught
statistics had better mean scores). In Martins andagples (2012) we analysed
some of the available open-ended questions to knowedons of the in-service
teachers to their Likert scale options, and in that aisalys could perceive that they
saw that “statistics is not only valid for scientists”. Thaseervice teachers also
revealed that they generally like learning and teachirtgstita, and they see it as a
tool to face real-world problems objectively (Martinslet2012).

CONCLUSION

In-service teachers have a clear conception that statisticseful and they value its
role in the citizens’ daily life. They also have a clear sesfsthe importance of
including it in current curricula. Although contradictorytside the school teachers
do not see statistics as a tool in their own daily life thieg also express a feeling of
disbelieve towards its use and the information in televisiwen with general
positive attitudes towards statistics, from the perceivedadiations it is necessary
to clarify them, maybe now analysing in-service teachsttgudes towards statistics
individually interviewing them and also analysing their alasm practices.
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REASONS TO CHOOSE A STATISTICAL GRAPH: ASTUDY
WITH TEACHERS OF ELEMENTARY SCHOOL

Niedja Martins, Carolina Carvalho
Institute of Education of the University of Lisbon, Portugal

INTRODUCTION

In this article we seek to find answers to the questiong/tegt types of graphs are
usually chosen by teachers in the early years of séhdbk teaching of Statistics?;
b) What are the reasons that lead teachers to choasedrephs?; and ¢) What are
the strategies and contents of teachers' feedback to tstudden choosing a
particular graph? To answer these questions we conduatedopen-ended
questionnaire based on Ferreira (2012) work and aferdid a preliminary study
about the use of statistical graphs by teachers in theyesrs of elementary school
in Brazil. Ferreira (2012) points out that primary teashface different concerns
comparing to secondary teachers when dealing with gshithe classroom. For
example: 1) The degree of scientific rigor in the comsibn of graphical
representations; 2) The better graphical representatichdastatistical study; and 3)
correct interpretation of the data by the students. Cumsely, teachers' decisions
have an impact in the learning of students. In the tegdfirstatistics, the previous
knowledge that a subject holds about a chart is indicatitkeofact of having been
(or not) exposed to a previous situation with the same tipepoesentation (Curcio,
1987).

Alacaci, Lewis, O'Brien, and Jiang (2011) have alsnduzted an investigation with
teachers in their initial training on their ability to choose there appropriate
graphics to a given set of data. They point out thaemdifft explanations support
teachers’ choices: the type of task in question, thectstial components of the
graphics and even reviews and/or personal preferences

METHODOLOGY

The approach to this study was based on a qualitativeodwtygy of data collection
and analysis. First a questionnaire was applied to 3heéesmfrom the metropolitan
region of Recife. Ages of the participants ranged fizénto 53 and the length of
service was 7.5 years, on average. The questiontai@sted of 27 items, 11 about
the characterization of the teacher and of his/hepopagnce in class when teaching
Statistics, 12 items on the selection of graphs andedtaguns on the feedback of the
teacher when using graphics. In the questionnaire,eleeted graphics depending
on their semiotic complexity (Arteaga, 2011). Similarly, eensidered the math
curriculum guidelines in different Brazilian documents fornmaatary school
teaching. In open-ended questions, teachers revealtiveyychoose certain graphs
and their responses were analyzed using a contegsemnal
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RESULTS

Regardless of the level of performance of their studentStatistics, 74.1% of
teachers place the bar graph in the first position of tmefepence list, and that also
includes line graph, scatter graph and pictorial grapweier, teachers of students
with higher performances in Statistics put the pictorial grapltheir first choice in
the list for the more suitable graphics to work with in €laBhe scatter plot was
selected by 77.4% of teachers as the less appropiialependently of the
performance of their students and independently of therede@f semiotic
complexity, the bar graph remained as the type mostteghdn this, we identified
six categories of explanations on why teachers place thgréyah as the first: 1) It is
more easily understood by students; 2) It is the most éredgype of graph found in
textbooks; 3) It is more familiar and appropriate for etid' school level; 4) It
promotes students’ attention and engagement; 5) Thewtlcomponents of the
graph, 6) It is makes teaching easier. As for otherstygfegraphs, we summarised
participants' explanations into four categories when setpthose: 1) The structural
components of the graph; 2) The ease or familiarity in tegel8) The ease in
understanding and interpreting the graph; 4) Personalrenefes. Some of these
categories are according with Alacaci et al. (2011) study.r€sults also suggested
that teachers use a diversity of strategies and conterieedibacks when working
with statistical graphs with their students. These strategiescanténts related
essentially with collaborative work, the frequency of classractivities based on
graphics and finally the resort to interactive materials.
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LEARNING STATISTICS THROUGH R PROGRAMMING: AN
ACTIVITY FOR LINEAR REGRESSION
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Environmental scientists rely on probability and statistidcadowledge for
experimental data analysis, decision-making, supportiegryh and communication
of scientific results. However, many efforts to includesthgopics in biological
sciences graduate programs, have had unsuccessiiltsréBishop & Talbot, 2001).
In our project [1], begun 4 years ago, we have lvesaarching how to enhance the
teaching and learning of experimental analysis arnastita for university under- and
post-graduate environmental and biological sciences rmsideusing the
constructionist philosophy (Papert & Harel, 1991) —wlsalggests that learning can
be facilitated if students engage in exploring ideas andepis through construction.
Thus, using an iterative-design methodology, we haea bleveloping sequences of
constructionist and collaborative activities where studentgage in computational
programming tasks (using R code —http://www.r-project.dhgugh which they can
explore, implement and develop meaning for statistical eqgisc These activities
have, so far, been implemented in 12 university @sutis three institutions in
Mexico and Portugal, where preliminary results (see Mas&adristan, & Rufino,
2014) from qualitative, and some quantitative, data of statdewrk, show marked
improvement in students’ appreciation for statistics; sappropriation of the
concepts and of the technological tool (R); and a mildrovement in regular school
assesment scores. We are currently working on deweldpetter assesment and
research methods.

As an example of our work, we present the structfirea programming activity to
explore the concept of linear regression. It consistssiialated data set with three
vectors in columns identified as either explanatajyof response variablegl( y2).
Instructions and tasks are given directly in R-sciipfTask 1, students retrieve data
from an Excel file using commands they are familiar watfg explore its structure;
the objective is to recognise that items in rows follow e-twrone ¥-x) relationship,
andx is a continuous (as opposed to categorical) variable., Tin@iasks 2-3 students
constructy-x graphs (Fig. 1) and answer questions about the size @mérical
measurement of variation il andy2, and its relation tok; the objective is to
compare situations where the response depends, ormtite @xplanatory variable,
and to associate this to relative measures of variatisaereed in the graphs. Students
then adjust linear models to the data sets and examifdNO¥®/ A table (Tasks 4-6).
They are requested to identify those values in tables thi@sent (residual and total)
y-variation due to changes i explain howF and p values are obtained; and
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interpret the result of each test in terms of the coefficiedetermination. This helps
them relate the graphical and numerical account of vamiatiche response, to its
attributable sourcesx,( residual), the statistical connotation of the result, and its
representation within theé distribution for a given set of degrees of freedom. Then
in Task 7, by adding two straight lines to eaek graph (Fig. 1) —representing,
correspondingly, the meanvalue (blue), and the (red) regression line derivethf
the adjusted model in each case—, students compare batlwithethe dispersion of
the data, visualize how the regression line is adjustguidujicting the most probable
y-value for eachx, and see how this procedure generates different &pdioes
depending on the nature of the dispersion patterns imldte In Tasks 8-9, they
obtain and identify regression coefficients, estimatebefésidual variation, and use
the information to estimate a 95% CI for both slopes ataidepts, which helps them
to learn to interpret output elements that result fronutimy commands, and relate
them to previous graphs and numbers. The benefit of tiasks is that students are
not following instructions or giving commands blindly; rathey,actively engaging

in coding (e.g. for building representations) they neednierstand at each step
what they are doing, thus building meanings for statisticahtamas and concepts.
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Figure 1: Relations between simulated responsgl( y2) and explanatory variables (x)
and lines generated by the students answering tostructions 2, 3 and 7.
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GRAPH READING AND INTERPRETATION: AN
INVESTIGATION OF INTRODUCTORY STATISTICS COLLEGE
STUDENTS’ KNOWLEDGE
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European University Cyprus, Cyprus

RESEARCH BACKGROUND

Data visualization, the use of graphs and images to esgrdata or information, is
beneficial to any sort of business. The ability to analyzerpgregg and communicate
information from data are considered essential for oy dige (Perez & Febles,
2006). Even though data visualization has tremendoteniils a general lack of
understanding is observed. Statistics education is begaiménfocus of reformers in
mathematics education as a vital aspect of the educatiottizeine in democratic
societies (NCTM, 2000). But still, recent work in statistezhucation reveals that
students are likely to have beliefs about the featofggaphs that are different from
what is expected (e.g., Meletiou & Lee, 2002). It is galhe accepted that the
competence related to statistical graphic language is no¢vachiin the students
(Arteaga, Batanero, Contreras, & Cafiadas, 2012).

When we refer to graph reading we actually refer taiobtg data directly from one

or more graphs and generating information by using ekplata shown in one or

more graphs. This requires the recognition of grapltoalzentions and the making
of connections between context and data (Curcio, 198@pHanterpretation is used
to acquire an opinion about a graph; it is used to compfieremt set of data

displayed graphically; it is used to identify any patternd fends; it is used for

making inferences from graphs. Nevertheless, an effettteepretation is possible

only if the reader possess basic graph reading skillss, Thaders’ interpretations of
a graph provide, at the same time, evidence of their kogelef the graph’s

structure (Friel, Curcio, & Bright, 2001). We want to measthe level that such

knowledge reaches (regarding graphical understapdiagthese are described in
Arteaga and colleagues (2012).

RESEARCH QUESTIONS AND METHODS

The purpose of this study is dual. First, we aim at exaqithe “readiness” of

undergraduate students of introductory statistics courseéatting and interpreting
graphs. Secondly, we wish to investigate how the use wftaehnological tools,

specifically TinkerPlots, affects students’ perceptiohgraphical representation of
data. We are interested into observing the evolutioheif pre-knowledge and how
their graphical understanding changes when using TinkstPlo

The site for the study is an introductory 1-st year statisticgse at a university in
Cyprus. There are 72 students in the class most ofwiere majoring in education
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sciences or a business related field of study. The dato#ected using two pre-tests
and in-class assignments. The tasks that formed the predes selected from the
Item Database of the Assessment Resource Tools faowng Statistical Thinking
website (ARTIST). Additionally, students were asked to prte§argroups) a short
survey on a topic of their interest. This forced the studenisse TinkerPlots for
graphically representing their data. A post-test was algengito measure their
progress.

ANTICIPATED RESULTS

What we anticipate from this study is to locate specificlents’ difficulties with
graphs (we expect students to have a very poor unddirsgarof graphical
representations) and moreover determine up to whichl ke use of technology
helps/or not their graphical understanding in the criticadlireg of data. These results
will help us educators to concentrate on the Cypriot sitisieneeds and further
reform statistics education curricula in Cyprus.
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INTRODUCTION

This paper refers to a research developed by a cddib®rgroup of teachers and
researchers which explored an interdisciplinary teachipgroach related to
statistical literacy in elementary schools. Fernandesyaltar, and Correia (2011)
investigated the characterization of teaching statistidBariuguese schools. They
identified that, despite the teachers recognize the statistipsrtance for the
people’s daily life, they emphasize a teaching approhah reduces statistics to
standardized procedures for data handling. The residgested that the teachers had
difficulties to address the complexity of statistical literacy, whicmot comprised
only of technical components, but of subjective ones sigcheliefs and attitudes
towards the data (Gal, 2002; Queiroz, et al. 2015). Stusised on qualitative
methodology and with the teachers’ participation inrrsearch process suggest that
these teachers engage in an active professional developmehich they explore
new knowledge and opportunities for what is taught abacliFiorentini, 2013).
Although this participative process seems to be constryucomae teachers’ beliefs
and attitudes on statistics teaching may persist (Souzas|&pdendonca, 2014).

METHODOLOGY

The research was qualitative in nature and it had a coltamepproach developed
at a Portuguese elementary school. The group was dobyndéive math teachers and
three researchers. All the seven meetings were perfoahechool. During three
meetings the group discussed aspects of statistics rigathipromote statistical
literacy, which include the development of a critical stancelewmterpreting

statistical data. The group planned an interventiawofmeetings in which two class
groups were jointed. The teaching situations were heldirwthe curriculum area
called CSI (Integrated Social Competences) that addrassdisciplinary contents.
The planning was a result of suggestions brought by alllvaesvof the collaborative
group. These suggestions were analysed and criidigethe group and after the
implementation of tasks during the teaching situations, thelemgroup reflected

about the actions. The activities and tasks involvedlgnolsituations in which were
used different resources and tried to link everyday taiios with the statistical

content. The research data collection was based d¢oh fiietes taken after the
collaborative group meetings by the three researcherdaridg the pedagogical
interventions about analyses of statistical data with th#ests. These notes were
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shared with all members of collaborative group which edddomments and
information. A content analysis of the notes was developszbcated with
theoretical reflections from other studies that alsoudisccollaborative approaches
(e.g., Fiorentini, 2013).

RESULTS

The results indicate that from the processes of disauysgianning, implementation
and evaluation of the situations related to statisticshiegcemerged challenging
issues to the participants (e.qg., differemtys to explore the investigative cycle in the
teaching of statistigs For instance, the teachers' expectations regardingtubients'
understanding and engagement influenced the organizattitasks in such a way
that they have been simplified. The meetings arranged uhdelCSI were an
interesting aspect, because the students could partidipatiéerent ways than in
more formal disciplines, such as mathematics. For exanfdact that the statistics
content was associated with videos and stories about théodday allowed less
formal interactive situations and greater involvement of tmstsidents. The
discussions which emerged from this project also offeicatighns for effective in-
service teacher education strategies based on teacblatorative and reflective
participation. Therefore, for example, the experierfcgharing ideas and difficulties
about how to teach elements of statistical literacy enabkedrtup to reflect about
the possibilities to use outside school resources, such @ia gmphs and adverts.
Future research with similar approaches could investigatectspf attitudes and
beliefs of the participants, since these elements were impdrtasituations that
aimed the development of statistical literacy.

ACKNOWLEDGEMENT

This study had the support of CAPES from the Biazifederal government.
REFERENCES

Fernandes, J. A., Carvalho, C. F., & Correia, P. F1120Contributos para a
Caracterizagdo do Ensino da Estatistica nas EscBlaletim de Educagéo
Matemética 24, 585-606.

Fiorentini, D. (2013). Learning and professional develant the mathematics
teacher in research communiti&syphus. Journal of educatidh 152-181.

Gal, I. (2002). Adult statistical literacy: Meanings, compdsemesponsibilities.
International Statistical Review0, 1-25.

Queiroz, T., Monteiro, C., Carvalho, L., & Francois, (R015). Affective exhibition
during interpretation of statistical data. In K. KrainerN&Vondrova (Eds.)Ninth
Congress of European Research in Mathematics Educafoague: Charles
University.

Souza, L. O., Lopes, C. E., & Mendonga, L. O. (20Ppfessional development of
mathematics teachers implementing probabilistic simulationkementary school
classroomsStatistical Education Research Journbd, 83-92.

127



TEACHERS’ PERSPECTIVES ON PROMOTING A STATISTICAL
REASONING LEARNING ENVIRONMENT

Hélia Oliveira, Ana Henriques
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BACKGROUND

This study comes from a developmental research projeRP)that sought to
promote students’ statistical reasoning, in general, apd thformal inferential
reasoning, in particular, as they solved a sequencasks$ tsupported by the use of
TinkerPlots software. A group of middle school teachers and rebeess were
involved in the process of construction and class impleatient of these tasks,
which were supported by the principles of the StatistReasoning Learning
Environment (SRLE) (Garfield & Ben-Zvi, 2010). We aim tmderstand the
perspectives of the participating teachers in this projecetrdéty the potential and
difficulties involved in the implementation of a SRLE, with partar emphasis on
the big statistical ideas involved in the tasks and the sibdare.

The development of learning environments like the SRLE the adoption of the
new reforms proposed by the GAISE document (Franklin..e2@07) challenge the
classroom’s practices. In fact, several studies shotvctivaicular reforms are often
not perceived as implying new instructional goals and angh in the adopted
approaches and practices (e.g., Groth, 2008). Additigntidey use of technology,
such asTinkerPlotssoftware, to create different learning environments sgmts a
new situation for teachers that may be quite challengitlgem (Leavy, 2010).

CONTEXT AND METHODS

The DRP comprised two or three cycles of a sequehizsio design, implementation
in the classroom, analysis of results and tasks refineriémt. project involved
everyone in the group (11 mathematics teachers andesearchers). The teachers
had diverse experiences in teaching statistics but theritgajvas not acquainted
with the notion of statistical reasoning neither with the Us&imkerPlots Data for
the present study were collected through a questionnaite 1L open-ended
questions answered by the teachers at the end of dfectprThere was no explicit
mention to SRLE in the questions but these encompasedtid its main principles:
Focus on developing central statistical ideas; use of réml dassroom activities and
technology to support students’ reasoning; promote classtiscourse (including
argumentation) focus on statistical ideas; and use asses$o monitor students’
learning. Data analysis focused on the teachersremdes that have an explicit
connection with those SRLE principles.
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RESULTS AND DISCUSSION

Teachers recognized the utility of statistics for their sttedand showed to be aware
of its specificity regarding the centrality of data as vealithe statistical ideas and
processes involved. This recognition meets the assumsptionsidered by Groth
(2008) as necessary to an effective implementation oS&Ajuidelines (Franklin et
al., 2007). Contrary to theirs usual practice, the teactiefrsnot set the use of
descriptive statistics as an objective for the lessons {.€®40) but recognized the
potential of the proposed tasks to work statistical ideas ascthe need of data,
distribution, variability and center, covariance and darmg@and inference. However,
they did not refer to other important aspects suchnaarticulated interpretation of
both center and variation measures (Garfield & Ben-2,02. They also recognize
the structuring role of technology in students’ work, conttaty the generalized
idea of its use in teaching just to meet the program KGaX08). Some teachers also
mentioned the need to continue their professional dewelop as they identified
several difficulties in supporting the students regardingir reasoning. In this
respect, the teachers mentioned the informal inferenca esmplex aspect for
students since they did not consider variability when gdizerg data trends and few
used probabilistic language for describing the generaiza®his latter difficulty
may have result from a reduced attention given to thiscgspeth in the lessons’
preparation and in the classroom’s work, particularlythe tasks’ whole group
discussions in the DRP.
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INTRODUCTION

Variability is the key component of statistical thinking to bepbasized at all school
levels. Recent research shows that this concept is cerfglestudents. To surpass
their difficulties, teachers should pose tasks with diversetexts and levels of
abstraction in order to promote the learning of variabilitith understanding
(Garfield & Ben-Zvi, 2005). The aim of this work is to &s® two teachers’
pedagogical content knowledge (PCK) while they teactiability measures at
secondary level. This study may contribute to bettenprehend the knowledge
teachers need to teach variability with understanding.

BACKGROUND

Current research shows that while students easily compeasures of variability (as
range (R), interquartiie range (IQR) and standard adievi (SD)) they rarely
understand their meaning and have difficulties in relatingetlvesicepts with other
statistical concepts and representations (Shaughn286y). Yet, teachers should
help students to develop a conceptual understanding of NityiéBarfield & Ben-
Zvi, 2005). Teachers’ practices are privileged contexds ¢an reveal many aspects
of teachers’ PCK (Ponte & Chapman, 2006). PCK is drieeotwo major categories
of the Mathematics knowledge for teachin®KT) model developed by Ball,
Thames and Phelps (2008). MKT encompasses subje&rrkatwledge (SMK) and
PCK. The latter category incorporates three componentsvikdge of content and
teaching (KCT); knowledge of content and students (KCSjt mmowledge of
curriculum (KC). Each PCK component in the MKT model éders the specificity
of statistics, as noted by several authors (e.g., Shass)hr2007).

METHODOLOGY AND CONTEXT

This study is part of a larger ongoing qualitative rededocused on secondary
teachers’ PCK in statistics. This paper refers to Estela endwo case studies of the
wider research. Data come mainly from the observatidw@f90-minute lessons on
measures of variability and worksheets used in theserles The descriptive and
interpretative analysis is guided by the PCK componenessitry KCT and KCS.

Quintas, Ferreira, Oliveira

RESULTS AND DISCUSSION

With respect to KCT, both teachers introduced variabilityasnees when the
students were already working on the tasks, posingiquesand guiding their work,
promoting their participation. Estela’s tasks asked for coimgpwariability measures
on the calculator but also for exploring their propertees) involved distribution
comparisons through graph examinations using the valueseah and SD. Lia’s
tasks expressed the need of computing these measurésofalata sets and the
comparison and interpretation of the reached resultsn@tine collective discussion
of students’ answers both teachers interpreted SD aariabiity measure that
indicates “how far are data from the mean” and consttl¢éhis measure much more
interesting than R or IQR. Lia often regarded the notimihsean and spread as
inseparable when analysing the variability of a data sesdmetimes she was not
clear when pointing that the obtained mean does not nfreoobserved variability
on data. When comparing which of two bar diagrams hddkehi§D, Estela told the
students to observe the deviations from the mean but soesetiime wrongly
mentioned their density when stating “these differences vary big”. These
deviations were just referred by Lia as parcels ofsS®'mula. Finally, both teachers
recognized the importance of using SD to compare variabilityo data sets and
that SD, IQR, and R serve to describe variability. Tipe@ictices also revealed the
need of strengthening their SMK about variability in ordemttke their KCT more
robust. With respect to KCS, both teachers consideredrtempreting results and
using variability to compare distributions are not easy #iesvfor students due to
their lack of experience. In addition, both teachers didr@alize their students were
using the graphing calculators in an uncritical mannet @did not help them to
question the results. The teachers’ SMK about variability atsms to impair a
stronger KCS.

ACKNOWLEDGEMENT

This work is financed by national funds through FEFundacéo para a Ciéncia e Tecnologia, under the
project Developing Statistical Literacy (contra@i®C/CPECED/117933/2010).

REFERENCES

Ball, D., Thames, M., & Phelps, G. (2008). ContentWiealge for teaching: What
makes it specialfournal of Teacher EducatioB9(5), 389-407.

Garfield, J., & Ben-Zvi, D. (2005). A framework for ahing and assessing
reasoning about variabilitytatistics Education Research Jourri{ll), 92-99.

Ponte, J., & Chapman, O. (2006). Mathematics teackeastledge and practices. In
A. Gutiérrez, & P. Boero (EdsHlandbook of research on the psychology of
mathematics education: Past, present, and fufppe 461-494). Roterdam: Sense.

Shaughnessy, J. (2007). Research on statistics leamnihgeasoning. In F. K. Lester
(Ed.), Second handbook of research on mathematics teaemdgearning(pp.
957-1009). Reston: NCTM.

131



ON THE UNDERSTANDING AND COMPUTING OF
PROBABILITIES THROUGH DATA IN CONTINGENCY TABLES

Carla Santds Cristina Dia$
'Polytechnic Institute of Beja, Portugal
“Polytechnic Institute of Portalegre, Portugal

INTRODUCTION

Since statistical literacy is one of the key elements for gtaleding the world

around us and essential to the development of critical tignkProbability and

Statistics became part of school curricula from basicatibn to higher education.
Whatever the content future teachers will teach and thea&dn level in which it

will be done, they should acquire a deeper and broauterlkdge of the concepts
that constitute the basis of statistical culture (FerrsnBatanero, Correia, & Gea,
2014), in order to deal, in a confident manner, witlatiStics and Probability
teaching.

It is reported in literature the reduced probabilistic hunménition, and the various
misconceptions associated to probability calculation. & fealso evidence that these
misconceptions do not disappear with the spontaneogsitive development, so
that, students arrive to higher education maintaining the samef intuitions, in
respect to probabilities, they had before (e.g., Batarg@d3). To eliminate these
misconceptions students must deal with them (Leviatd®2)? so, we must identify
students’ difficulties, prior to the (single) Probability and Stats course they will
attend in higher education, in order to design stratetgiehis course, which allows
students to confront their misconceptions.

Much of statistical information appears in tables, so the abdifyead and interpret
them is essential. Another key skill of statistical literacysists in taking appropriate
decisions under situations of uncertainty (Gal, 2002). Sihee information in
contingency tables can be used to compute probabilitiesntered to analyze the
performance of students when computing simple, jointcamdlitional probabilities,
through data in contingency tables.

This study is a first step towards a more detailed studyintend to develop on
students’ statistical knowledge when arriving to higher atio.

METHOD

Twenty one students, future educators and basic schabletsa participated in this
study. They were posed the problem, used by Estrad®i@zd2006, p.3), in which
it is requested to determine a simple probability, a joint doitiba a conditional
probability and its transposed, using the information pitesiein a 2 x 2 contingency
table. This task was posed at a moment prior to thedattee of the course in which
the contents of Statistics and Probability will be taught.
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RESULTS

The written solutions, produced by the participants, vaeadyzed and the responses
to each question were classified taking into account th&racy of the response, and
the type of errors in the incorrect responses. In quesii, where it was required to
compute the probability of a single eveRfA), it was found that most of the
students (90,5%) had the correct solution. In quediiprwhere students should
compute a joint probability? (A n B), 47.6% of students revealed confusion between
joint probability and conditional probability. In questions (iii) gihg, where it was
asked to calculate the conditional probabiliftéd /B) andP(B/A), it was observed
the same confusion in 23.8% and 28.6% of the resppmaspectively. In question
(iii), 28.6% of the responses revealed the adoptiothefconditional transposed
fallacy. It was also observed in (iv), although with aédo incidence (9.5%). In
responses to questions (i) and (iv) it was also obsenmtbles probability
calculation instead of conditional probabilities.

CONCLUSION

The results of this study indicate that students have nddfiiculties when
computing probabilities from data presented in contingetables, with high
incidence of the conditional transposed fallacy and confus&iween conditional
probability and joint probability. These misconceptions cidi@ with the ones
identified in other researches (e.g., Estrada & D2&B6). The results suggest the
need to devote special attention to these misconceptiotiee course these future
educators and basic school teachers will receive.
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TEACHING EXPERIMENT USING TINKERPLOTS
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ABSTRACT

Covariational reasoning is referred in both national smernational mathematics
curriculum orientations (ME, 2001) and involves knowimgvito judge and interpret
a relationship between two variables (Zieffler & Garfield)20 Nevertheless, many
studies document students’ misconceptions and difficukigarding covariation and
covariational reasoning and several authors argueniouf of the use of robust
graphical approaches, facilitated by appropriate usepe€ific technology such as
TinkerPlots in the teaching and learning of statistics and covaridtioparticular
(e.g., Fitzallen, 2012). However, there are many rekeguestions unanswered. This
poster reports the results of a study aiming to analyadests’ covariational
reasoning in a context of a teaching experiment suppbstetie use offinkerPlots
to solve tasks involving the concept of covariation, cotetbonith 10" grade
students. Results show that students’ understanding ofiati®a and the assessment
of correlation between variables may occur intuitively but gdemt to several
difficulties as other studies have revealed. In this wayrdkelts may contribute to
understand the potentialities of the software and the teaohipgriment in
promoting students’ covariational reasoning, informing heex about the aspects
needed to be focus of attention in instructional procegarding covariation. The
poster begins with a presentation of the study including dines, theoretical
framework and the qualitative methodology used. It atesgnts a description of the
teaching experiment that supports the study. The fdueis is on the analysis of
students’ work, including several examples to docuntbetresults of the study.
Finally, we draw some implications for teaching.
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BIG DATA IN GRADE 10
Lonneke Boels Anne van BodegravénPatrick Hamersnia
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ABSTRACT

Students have difficulties in representing and interpredatg (e.g., Garfield & Ben-
Zvi, 2008; Lem, Onghena, Verschaffel, & van Doorg@13). Drawing a graph is a
first step in interpreting data (Garfield & Ben-Zvi, 2008he aim of our research
was therefore to explore how students can learn to msafepriate graphs that can
support valid inferences from large data sets.

An experiment was set up with 62 students in grade 1@ (85€6) in three Dutch
pre-university classes, each in a different school. &periment consisted of three
stages: (1) teaching students to draw appropriate grapimssmall data sets with
Microsoft Excel, (2) teaching students to make statisticérénces, and (3)
assessing students on making an appropriate graphaflange dataset. To develop
statistical reasoning, questions were asked such &schwnference can be made
from the graph you produced?’. After two lessons tiidents got questions about
14.000 bivariate weather data that required the drawirag @fppropriate graph. The
graphs produced made no sense. One reason mightabsttidents prefer using
tables instead of graphs as Lem et al. revealed (2i@)that this is connected to
their choice of graphs. With a large data set this isongdr possible. It seems that
students lack knowledge about how a certain graph isedetatthe data, e.g., that a
pie chart is not suitable for bivariate data. No other datlysinas made yet. On the
poster we will present some of the students’ graphs asldnmary results of the
experiments which include a list of do’s and don'ts for tlxehers and suggestions
for redesigning the teaching materials. In line with Evad0T2 the use of new
techniques like eye tracking is recommended for futesearch in order to find out
the exact nature of the difficulties students encounter whitstoucting a graph of a
large data set.
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ABSTRACT

This study aimed at identifying limits and possibilitiest@dching statistics to deaf
students, and at exploring pedagogical strategies to agpsiatistics contents with
these students. Most of research publications in tleia are related to curriculum
topics like arithmetic or geometry (Lang & Pagliano, 200Herefore, our research
intends to contribute to overcome the lack of researsbébalements that can
support the discussion of the statistics education of dedérsts. Our research was
qualitative in nature, had a collaborative approach, ard weveloped at a
Portuguese elementary school that is considered asmegesehool for teaching deaf
students. Five teachers and three researchers farmmetiaborative group who met
periodically to discuss how to teach statistical data handtipgcifically reflecting
on issues concerning the teaching and learning of statigti deaf children and
adolescents. During group discussions, several aspectified in previous research
(Borges & Nogueira, 2013) emerged: the schoolimgettory of each student; the
challenges of bilingualism for students and their familyg d@he importance of
exploring visual experiences as a resource to teacteéad) students. The group
planned and developed two interventions about statisticalhdatdling in a mixed
classroom group with six deaf students and twenty listehgdents. After each
intervention, there was a group discussion. Our findinggested the importance of
providing individualized activities and the need to usenim#ative and visual
materials in order to consider the deaf students’ puavimowledge and experiences,
meeting their specific needs, so that their understangdemormance and ultimately
achievement in statistics may increase.
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INITIAL TRAINING OF TEACHERS OF
MATEMATICS/STATISTICS IN SCHOOL EDUCATION
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ABSTRACT

The objective of this study is to describe and characténeeacademic training of
mathematics teachers in Statistics, at the basic and secdedaty It is mainly
focused on th&requency of training sessions/courses in the aretat$t®s, and the
need to promote teacher professional development iardeeof Statistics. Data were
collected through a questionnaire which was send to thet®bls with basic and
secondary education classes in the county of Evortheirsouth of Portugal. The
questionnaire was administered to mathematics teacher§QOavalidated responses
were obtained.

STATISTICS LITERACY

Knowing Statistics is essential to citizens of modern socidtiebe critical of the
available information, to understand and communicatedbasethat information.
Make all statistically competent citizens is a major gifaéducation Statistics and
the only way to combat illiteracy statistics (Gal & Garfield, 192999; Lajoie,
Jacobs & Lavigne, 1993). Shaughnessy and Bergma®3(19190) state, "it is
crucial that researchers encourage teachers to partigipasearch projects because
they are the key link in the chain of Statistics literacguwfstudents".

RESULTS

The analysis of the data suggests that attention shoypéitleto the importance of
promote teacher professional development in the ar8satistics. There is a need to
strengthen the teaching training in context in this are&nofvledge, so that the
difficulties experienced by students in the teaching learniogess can be overcome.
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FLOW STATE EXPERIENCE TO IMPROVE THE MOTIVATION
AND SUCCESS OF THE LEARNING’S MATHEMATICS
EDUCATION OF YOUNG PORTUGUESE STUDENTS

Luis Manuel Durah Ana Caballero CarrasgdManuel Casas Garcia
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ABSTRACT

The project research to develop part of three hypatiletissumptions. The affective
state as anxiety of the young students (from 14 to 1&ydd), Secondary Education
in Portugal, is a negative determinant of the experiencdowof §tate (Order in

consciousness to achieve of optimal concentration anidfesdion outcomes:

Csikszentmihalyi, 1997), in solving of statistical ‘s matheznptoblems (SSMP)?
The ability ‘s beliefs of self-efficacy and self-confide mediated by perceived
competence and motivational states of self-determinatwvaiables predictors of
the dimensions ‘s of flow state experience in SSMP? Dependitige responses of
influential variables that experience an optimal “s flow statet intervention to be

undertaken? Such research “s assumptions will achiewegthtbe statistical analysis
of the theoretical of structural “s equations model ofalaesationship. The expected
outcomes will be indicators after intervention to pursuit meoended in the

achievement the work of socio-affective domain especigljthe decrease the
anxiety, increase of the optimal levels experiencioig state and a greater of self-
confidence’s state of students.
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GRAPHS AND TABLES IN ELEMENTARY SCHOOL: AN
ANALYSIS BASED ON ACTIVITY THEORY OF ELEMENTS

Alissd Grymuza, Rogéria Régo
Federal University of Paraiba, Brazil

ABSTRACT

This study aimed to make an analysis the elements froattitidactivities proposed
by teachers in the early years of elementary schodlefwhing graphs and tables.
The analysis was based on Activity Theory. In the ttémal approach, it was
discussed about the relevance of the contents related pibsgeand tables to the
students’ basic education and the Brazilian National Cuacubtandards. It was
considered the elements of the Activity Theory and stuahigdsducation of Statistics.
We carried out a qualitative nature study in an analytperspective. The data
collection was developed using questionnaires and intervias/syell as direct
observation of teachers' practices. The results indibatethe teacher's commitment
to good quality teaching is necessary, but it is not gimoltl is necessary that teachers
know what they intend to teach, and know how to seleptogpiate strategies to
propitiate the construction of knowledge, considering tHerifit moments that form
an activity, starting with the motivation and ending with thetmdnThe teachers
who participated in our study did not demonstrate the propderstanding of the
aims of teaching about graphs and tables in the classrtheir specificities or the
relationships between them. Since the motivation has an impartée in the
educational process, it is necessary that the teachexsadin their understanding of
this element, considering its specificities, whether curriciacial or other nature.
The fact that the same school has teachers who presetices which show little
similarity, either regarding the content or the studentsjldhuot be considered as a
whole, when we discuss teaching quality.
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THE ISLP POSTER COMPETITION: A VISUAL APPROACH OF
BRINGING STATISTICAL LITERACY WORLWIDE
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ABSTRACT

The International Statistical Literacy Project (ISLP) is aimesugiporting, creating

and patrticipating in statistical literacy activities and promotimuiad the world. The

poster competition (ISLP, 2015) is one of the maiccessful initiatives of the ISLP.

The competition invites school students from around thddwordesign a statistical

poster. The poster can be about any topic and refledtustrate usage analysis,
interpretation and communication of statistics or statisticfrination. There are

National competitions within each country involved, folemivby an International

competition to determine the overall winners. In 2016s¢hwill be announced and
the posters displayed at the 60th Congress of the IRidnde Janeiro in Brazil

during July 2015. A brief history of the competition psesented, as well as the
topics, best practices, and criteria for the selectigheofvinning posters.
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STATISTICAL LITERACY IN PRESCHOOL EDUCATION
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ABSTRACT

In recent years, there has been in Portugal an ircieasesearch about statistical
literacy approach in educational context and about the teatdtestical knowledge
necessary to promote effective statistical learning (HersigueOliveira, 2013).
However, there is still some lack of research aboet literacy development in
preschool years. In this context we consider that thehéza’ statistical knowledge is
one core dimension that allows achieving the goal of litedmyelopment. Such
knowledge is conceived here Sstistical Knowledge for Teachirfurgess, 2009).

Based on the conceptualization of Burgess (2009)tabeuteachers' knowledge to
teach statistics, the present research aims to contribute better approach to
statistical literacy with children from 3 to 5 years, @ning the transdisciplinary

approach (project approach) with teachers’ statistical ledye to promote

children’s effective and significant learning (Burgess, 200tz & Chard, 1997).

The present research is part of a larger study, whichbicas interpretative
qualitative methodology with study case design. Initially 11 childxged between 3
and 5 years participated in the research and wadogexkin a kindergarten. The
information was collected during children’s experiences wikglinvestigative cycle
(problem, plan, data, analysis and inference) (Burg2889). Some preliminary
results show that the project approach implementation delaith the statistical
teachers’ knowledge is beneficial to promote statistical literaoy statistical
reasoning in children. Are teachers conscious that tveir knowledge and active
learning environments are keys to the developmenttéstal literacy of children?
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TEACHING STATISTICS IN INDIGENOUS SCHOOLS
Sérgia Oliveira, Liliane Carvalho, Carlos Monteiro
Federal University of Pernambuco, Brazil

ABSTRACT

Indigenous Education, as defined by Brazilian law, shobéd specific and

differentiated from the socio-cultural expressions of epebple. Authors have
emphasized the importance of Statistics to support socadtiges of citizens

(Cazorla & Santana, 2010). In teaching and learningmathematics content,
individual and cultural characteristics of the subjects shbel valued in order to
provide an education based on critical and reflective césp&kovsmose, 2000).
Despite the national curriculum for Indigenous Educat®razil, 1998) considers
mathematics primordial for intercultural development of ind@es people, the
aforementioned curriculum does not include statistical topiesb{@a & Magina,

2014). This study aims to analyze the Statistic Educatéweldped at Indigenous
schools of the Xukuru of Ororuba people. The methagolis collaborative with

interaction between participants and researchers at gésstaf the study. The
research data started being collected by means of altiess; semi-structured
interviews, visits to the indigenous villages and encosntéth teachers. Three
teachers are joining the research to develop a teachienyention about topics of
Statistics. Preliminary results show that teachers redittleeguidance for the work
with Statistics. In addition, usually they give priority teaching topics related to
numbers and operations in the classroom. As a resthitso$tudy, it is expected that
Statistics teaching and learning processes are enesui@yl combined with the
reality experienced at the Indigenous villages, to maksilplesthe legitimation and
strengthening of the Xukuru of Ororuba culture.
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REFLECTION ON PRACTICES AS TEACHER EDUCATORS IN
STATISTICS

Manuel Vara Pir€'s Cristina Martin§ Paula Barrds
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ABSTRACT

In this presentation we reflect upon our practices ash&aeducators revisiting a
study we developed (Barros, Martins, & Pires, 200%e &im was (i) to identify
which statistic knowledge future educators and teachesepesd when starting their
training, and (ii) to assess the influence of the waritentaken in the curricular unit
Numbers and Statistida the progression of this knowledge. The study statéshba
development of the curricular unit has allowed studentddepen, change or
consolidate their statistic's knowledge, mainly regardinchatw concerns
understanding concepts. But what are the reasonsifofsticcess”? Which aspects
of our practices have contributed to a real improvergstudents’ learnings?

Teaching practices in Statistics

The analysis of the study has allowed us to highlightesalimensions of our
practices that seem to provide more meaningful learnings.

a) Consideration of students’ needs and difficultigigen that their identification was
the starting point of the study undertaken and hasrrdeted teaching practices
concerning statistics.

b) Valuing the nature of tasks and their diversificatiperforming tasks of a more
closed nature as well as more open ones having beegeéoreinvolving the
clarification and application of concepts, or completimgyaect.

c¢) Discussion about understanding of concepb®ir comprehension having been
reached through the questioning of the meaning of results.

d) Integration and diversification of evaluation within the teiag learning process
the different meanings of evaluation (diagnostic, formathuenmative) having been
valued, allowing for the reformulation of teaching stragsgind practices.

e) Empowerment of participantassuming (i) the teacher as a guide and moderator,
proposing tasks, questioning or clarifying ideas, andHh@)dtudent as the builder of
her knowledge, bestowing shape and meaning on heringawithin a context of
active participation in the negotiation of the different meanings
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KNOWLEDGE ABOUT ARITHMETIC MEAN: A STUDY WITH
FUTURE TEACHERS
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ABSTRACT

Throughout their school years students experience différainings and teaching
processes which influence their learning of statistic qotscend procedures, taking
for granted that, especially for future teachers, theseemis should be well clarified
and consolidated. This analysis has as basis a studigrtaken with 40 future
teachers in the 1st year of the License Degree in Basicaiidn. The aim was (i) to
identify students’ statistical knowledge at the beginninghefr degree, and (ii) to
assess the influence of the intervention of the curriaui@rNumbers and Statistics
in the progression of this knowledge (Martins, Pires, & r@ar 2009). An
investigation methodology of a qualitative kind has been v@th in which the
collection of data has been conducted using a questionmmliedh at the study’s
beginning, participant observation during the classesaaummative test at the end.
For this presentation we selected the data related to the atiithmrean.

Knowledge of the students about the concept of mean

At the start of the curricular unit the students prestmonsiderable difficulties in
dealing with the concept of arithmetic mean. When aske#kite down what they
mean by “mean” almost half of them did not answer 3@fb only associated it with
the algorithm used for its calculation. When “calculating® thean of a qualitative
variable there were no correct answers and 43%eoétiidents did not answer. In the
case of a quantitative continuous variable, only 8% of thdests performed the
correct calculation and half of them did not answer. Irctileulation of the mean for
a quantitative discrete variable there were higher pedoca indexes, although 40%
of the students did not answer or provided an incorrester.

As the curricular unit progressed, difficulties werd &ilt when qualitative variables
(calculating the mean of the absolute frequencies wasnamoa mistake) or
continuous quantitative variables were at stake. An evolitidine understanding of
the concept of arithmetic mean was noticed, with one thitdeo§tudents associating
it with an equilibrium value in the data.

REFERENCES

Martins, C., Pires, M.V., & Barros, P. (2009). Cenlmento estatistico: Um estudo
com futuros professores. In C. Costa et al. (OrB&iineros e estatistica - Atas do
XIX EIEM. Vila Real: SEM, SPCE.

146

STATISTICAL THINKING ABOUT VARIATION IN DATA: A
STUDY WITH YOUTH AND ADULT STUDENTS

Valdir Ramos, Iranete Lima, Carlos Monteiro
Federal University of Pernambuco, Brazil

ABSTRACT

In Brazil, the teaching modality called Youth and Adult Eation (EJA) aims to
serve those people who did not complete their studieeainte set by the regular
curriculum. Curriculum guidelines for EJA emphasize thatthematical and
statistical knowledge are important for those who atermang to school, because
such knowledge can help them exercise their citizenshipsti#tal thinking can be
defined as the ability to make appropriate use of statistiols to solve problems, to
understand the essence of the data, to make inferemuéstoarecognize and
understand the value of statistics (Cazorla, 2002). Tdstep draws from a research
project that will investigate aspects of students' statisticatitignwho are enrolled
in EJA while they respond to questions related to data variatigtatistical media
graphs. The data collected will be analysed from the petise thatvariability is the
characteristic of the entity that is observable, eendhtion is related to describing or
measuring that characteristic (Reading & Shaughnessy).208e participants will
be students from an EJA group at a public school in Féraeo, Brazil. Initially, we
will apply a diagnosis instrument composed of four gragérpretation tasks. It is
expected that important aspects to be analysed from studesp®nses will be
related to their ability to identify high and low points on thapis, as well as the
identification of the intervals of increase and decreasefufther investigate the
participants' interpretative processes, we will also intendgeme of them. We will
use the SPSS software for categorizing the participantgrpmgtations. The
qualitative analysis of our research will focus on the daie interviews. The
analytical categories will be based on types of answeeithe questions of graph
comprehension (Friel, Curcio, & Bright, 2001).

REFERENCES

Cazorla, I. M. (2002)A relacdo entre a habilidade viso-pictérica e o domingo d
conceitos estatisticos na leitura de grafiq@dnpublished doctoral dissertation).
Campinas State University, Brazil.

Friel, S., Curcio, F., & Bright, G. (2001). Making senof graphs: critical factors
influencing comprehension and instructional implicatidimirnal for Research in
Mathematics Education, 82), 124-158.

Reading, C., & Shaughnessy, J. M. (2004). Reasotiagtaariation. In D. Ben-Zvi,
& J. Garfield (Eds.),The challenge of developing statistical literacy, reasoning
and thinking(pp. 201-226). Netherlands: Springer.

147



INTERPRETING REPRESENTED DATA: AN EARLY
CHILDHOOD STUDY
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ABSTRACT

This poster will present the results of a study (Corded@]4) that aimed to
understand how preschoolers represent and interpretcdigated in their daily
routines. The theoretical framework assumes a perspdxetser] on the relevance of
an investigative cycle in data analysis (Wild & Pfannkd®99). According to Reys,
Lindquist, Lambdin, Smith, and Suydam (1993), as yourilgirelm develop number
sense they can also develop data sense in the pafaasalyzing data.

The study followed a qualitative methodology, with acdigsive and interpretative
character. The work was developed with the whole gafughildren aged 4 years 1
month to 5 years, at the beginning of data collectiamuary, 2014), and the second
author of this poster had the dual role of educatorrasdarcher. Data collection
lasted 5 months and was gathered with the aid of videwrdimgs and field notes
focused on the children’s performance.

The key results of the study showed that children traeshbt®e data of the maps’
daily routines through a diversity of correspondencesngipersonal meaning to the
representations. When they interpreted the data reprdsentgaphs, they counted
and compared the absolute frequencies through grapéi@lization. One child
understood that the total amount of the pictures of a pignaqgh corresponded to the
number of children inside the classroom. All the workvedid children to improve
their number sense and also their data sense.
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CHALLENGING INTUITION WITH THE “BERTRAND BOX”
PROBLEM
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ABSTRACT

Traditional formal probability study consists on problewisere only the slope of
calculation is explored (Batanero, Green, & Serrano, 18& reducing probability
study to its mathematical algorithm does not allow studeritiseme¢o be prepared to
solve non-routine problems nor to realize that the réagothey are developing
possibly conflicts with their intuition. Since misconceptiorssagiated to probability
interpretation, do not disappear with spontaneous cogndereclopment, it is
essential that students be confronted with counterintuitive isitisat under the
penalty of wrong intuitions remain unchanged (Leviata®@02). In probability
teaching, the use of counterintuitive problems is atcoctvist pedagogical strategy
that allows approaching situations, with high incidence mirey in a challenging and
motivating way (Contreras, Batanero, Arteaga, & Cafiai#kl). The discussion and
depth analysis of these counterintuitive problems resokitgiimulates students to
reflect about their thinking processes, promoting theeldgwnent of abstract
mathematical ability. The “Bertrand Box” problem is one tbé most famous
conditional probability problems where our intuition leads to overlook or
misinterpret the additional information we have. Due to i@llehging nature and
simplicity, it can be a starting point to challenge studeptsbabilistic intuition,
making them aware of the importance of an adequatelsappce definition. More
complex variants of the problem, like the “Monty Hall” Prahlecan be used to
teach students how to make decisions in the face of tairdgy in particular, by
usingBayes Theorem.This work presents a theoretical studydimgrio show the
advantages of the “Bertrand Box” and the “Monty Hall"lgeams as didactic tools.
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