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Preface

1 Introduction

The teaching of statistics in secondary school has a long tradition in countries like
France, Spain and the United Kingdom. However, because statistics is becoming
increasingly important in modern society, the relevance of developing statistical
thinking in students across all levels of education has grown. Consequently, the new
curricula published in the past years in many countries like Brazil, Costa Rica,
South Africa, Spain, the United Arab Emirates and the United States of America
include statistics from the first year of primary school level (6 year-old children).

Changes in what is expected in the teaching of statistics do not just concern the
amount but also the quality of the content. Until recently, statistics in many school
curricula was reduced to tasks in which learners were given small organised data
sets and were asked to produce specific graphs, compute simple statistics (e.g., the
mean or median) or answer simple direct questions. This formula-based approach
to statistics resulted in students who were ill-prepared for tertiary level statistics
and adults who were statistically illiterate.

The current recommendations, even for primary school levels, suggest a data-
orientated approach to the teaching of statistics where students are expected to:
design investigations; formulate research questions; collect data using observations,
surveys, and experiments; describe and compare data sets; and propose and justify
conclusions and predictions based on data. Learners are expected to deal with data
in significant contexts and to take a critical stance on the analysis and interpretation
of data and especially the abuse of data and statistics. The importance of developing
statistical thinking and reasoning and not just statistical knowledge in students is
being emphasised in many curricula.

Concurrent with these changes, the International Statistical Institute (ISI) started
to pay more attention to teaching statistics in schools in the mid seventies, when the
socio-economic conditions in developed countries, frequent use of quantitative
information in newspapers and more widespread use of personal computers led to
increasing demands on statistics education for the general citizen. The International
Conferences on Teaching Statistics (ICOTS) were started in 1982 by the ISI and

ix



X Preface

later continued by the International Association for Statistical Education (IASE) to
bring together statistics teachers at all levels, and from all disciplines and countries,
every four years.

Changing the teaching of statistics in schools will depend on the extent to
which teachers can be convinced that statistics is one of the most useful themes
for their students and the extent to which these teachers are adequately prepared
to teach statistics at school level. Although interest in the education and
professional development of mathematics teachers has increased in the past
20 years and there is now a body of research results on this issue, current
literature seems to indicate that we are not in the same place in the specific case
of statistics. This is shown by an analysis of research literature, for example
papers published in the Journal of Mathematics Teacher Education, as well as in
survey papers and handbooks quoted throughout this book that pay little attention
to the teaching of statistics.

This book is a consequence of and presents the results from the Joint ICMI/IASE
Study, Teaching Statistics in School Mathematics-Challenges for Teaching and
Teacher Education, organised by the International Commission on Mathematical
Instruction (ICMI; www.mathunion.org/ICMI/) in collaboration with the
International Association for Statistical Education (IASE; www.stat.auckland.
ac.nz/~iase/) and intended to address the lack of attention to teaching statistics by
promoting research specifically focussed on the education and professional
development of teachers to teach statistics.

2 Study Background

Since the mid-1980s, ICMI has found it important to involve itself directly in the
identification and investigation of issues or topics of particular significance to the
theory or practice of contemporary mathematics education and to invest effort in
mounting specific ICMI studies on these themes.

At the same time, in the past three decades a statistics education research
community has developed, linking people from various backgrounds (statisticians
involved in teaching statistics in service courses at the university; statisticians
working in statistical offices; mathematics educators; researchers in statistics
education; educators; and psychologists), leading to the creation of the International
Association for Statistical Education (IASE), in 1991. Conversations between
ICMI and the TASE made clear there was a common interest in organising a
Joint Study related to current problems in the teaching of statistics within school
mathematics. This interest arose from the fact that, in spite of recommendations to
increase the presence of statistics teaching at the school level, students in these levels
do not acquire a statistical literacy adequate to function in an information-based
society and to progress in the study of statistics at higher levels such as university
or professional training.
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The invitation from ICMI to collaborate on a Joint Study was accepted by the
IASE. Subsequently, IASE suggested that this Joint Study merge with the 2008
IASE Round Table Conference, intended as part of a series of conferences started
by the ISI and held by the IASE every four years. As a consequence of this
agreement, the Joint ICMI/IASE Study Conference was held at the Instituto
Tecnolégico y de Estudios Superiores, Monterrey (ITESM), Monterrey Campus,
Mexico in July 2008. This book is the final outcome from this Conference.

3 Joint ICMI/IASE Study Conference

Many people have been involved, first in the Joint ICMI/IASE Study conference
and then in the production of this book. The work started with the appointment of
an International Programme Committee in 2005 whose members worked
collaboratively to prepare the Discussion Document. This document described the
aims, topics and related research questions for the Joint Study, included a Call for
Papers and was released in October 2006. The document was published in main
mathematics and statistics education journals and also disseminated through
statistics and mathematics education conferences and associations.

A specification of the Joint Study was its inter-disciplinary character, and therefore,
the Programme Committee invited participation from mathematicians, mathematics
educators, statisticians, (including official statisticians working at statistical
agencies), and statistics educators, as well as psychologists and university
lecturers of other disciplines where statistics is used as a tool. The Committee
was specifically interested in inviting people with different levels of experience,
including people who were well known in the area, new researchers who were just
forming their views and teacher educators who were training the future mathematics
teachers who would be delivering statistics at school levels.

Preliminary papers were received by October 2007 and reviewed by external
referees over the next few months. Statistics and mathematics educators from all
across the world contributed to the selection and improvement of the papers in the
refereeing process. The papers selected by the International Programme Committee
after the refereeing process were rewritten and received between March and April,
2008. The papers accepted covered a variety of topics and came from around the
world, including both developed and developing countries.

The conference theme: Teaching Statistics in School Mathematics: Challenges
for Teaching and Teacher Education had appeal for both mathematicians
and statisticians, proving that the time was ripe for collaboration between the ICMI
and the IASE. All together 109 participants representing 33 countries from all parts
of the world participated in the conference. The Joint Study Conference was
structured around six different topics, each organised by two members of the
International Programme Committee. The six topics, briefly described below,
served as an initial focus for potential papers and to organise the working groups in
the conference.
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. The current situation of teaching statistics in schools, organised by Dani

Ben-Zvi and Chris Reading. The interest in this group was a reflection of the
status of statistics in the curricula of different countries; comparing the statistical
content included in national curricula and tests and how the teaching of statistics
at the school level specifically compared to teaching other topics in the school
mathematics curriculum. The working group was also interested in analysing the
differences between statistical literacy and reasoning and the teaching of statistics
through project work.

. Teachers’ attitudes, knowledge, conceptions and beliefs in relation to statistics

education, organised by Carmen Batanero and Gail Burrill. This group discussed
teachers’ beliefs and attitudes towards statistics and the effect of these beliefs
and attitudes on the way statistics is taught. A second interest was in the analysis
of the mathematical and pedagogical knowledge teachers need to teach statistics
and on research instruments and strategies useful for determining the knowledge
of statistics and of teaching statistics that teachers possess.

. Analysing current practices in teacher education regarding the teaching of

statistics, organised by Doreen Connor and Lionel Pereira-Mendoza. The aim of
this group was to compare current training of teachers to teach statistics in
different countries and to analyse the role of technology, current materials and
teaching practice in developing teachers’ competence to teach statistics.

. Empowering teachers to teach statistics: A look into the future, organised by

Joachim Engel and Maxine Pfannkuch. While Topic 3 analysed current practices
in training teachers, in Topic 4 the focus was on innovative proposals or materials
to change the current practice and improve the preparation of teachers.

. Training teachers in developing countries, organised by Jun Li and Victor Polaki.

A common concern of both the ICMI and the IASE has been related to the
provision of research and teaching opportunities in statistics in developing or
transitional countries. In the Joint Study Conference a working group was
organised to reflect on the specific problems these countries have in training their
teachers and in developing statistics education in their schools.

. Building collaboration between mathematics and statistics educators in teacher

education, organised by Joan Garfield and Maria Gabriella Ottaviani. Given
the current interest from national statistical offices and statistics associations
in developing statistical literacy for all citizens, this working group analysed
examples from these institutions of collaborations in developing teaching mate-
rials or offering support to statistics teachers. Other examples of collaboration
included collaborative projects between different university departments, univer-
sity and schools or even between different countries.

The conference papers were distributed to participants before the conference

and were published in the conference proceedings, edited by Carmen Batanero,
Gail Burrill, Chris Reading and Allan Rossman, and published by ICMI and
IASE. These proceedings are available from the IASE publication webpage at
www.stat.auckland.ac.nz/~iase/publications. Each paper was assigned a reactor who
read the paper before the conference and discussed the paper in special discussion
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sessions organised within the conference. Results from these discussions and
conclusions from the working groups were presented in a final plenary session
and also served as a basis to structure this book.

Other plenary sessions included an Opening lecture on the theme Preparing
teachers to meet the challenges of statistics education, by Joao Pedro da Ponte,
Portugal, and three panel sessions. The first, Fundamental ideas in statistics and how
they affect the training of teachers was coordinated by Gail Burrill, United States
of America. Since different curricula around the world include different statistical
content at school level, the presenters offered their reflections and analyses about
what basic statistical ideas and types of reasoning would be needed to educate
statistically literate citizens. Speakers were Martha Aliaga, United States of
America; Rolf Biehler, Germany; and Ernesto Sdnchez, Mexico.

The second panel session, The interplay of probability and statistics in teaching
and in training the teachers was organised by Maria Gabriella Ottaviani, Italy.
Although the main focus of the conference was statistics, this panel reflected on
possible relationships between statistics and probability in the curriculum and
how the different views of probability (classical, frequentist, subjective) affect
the teaching of statistics. Speakers were Manfred Borovcnik, Austria; Jean Claude
Girard, France; and Delia North, South Africa.

Technology today is changing not only the way we work in mathematics and
statistics but also the way we teach these topics. Dave Pratt, United Kingdom
organised a discussion around Technology in the teaching of statistics: Potentials
and challenges in preparing the teachers. Speakers were Dani Ben-Zvi, Israel;
Doreen Connor, United Kingdom; and Anthony Harradine, Australia.

The conference was held at the Monterrey Campus of the Instituto Tecnoldgico
y de Estudios Superiores de Monterrey (ITESM), (www.mty.itesm.mx/), a well-
established Mexican educational institution that was founded in 1943 with
campuses distributed throughout the country and other Latin American countries.
This institution and in particular the Mathematics and Statistics Department
supported the conference, offering its facilities and organising different social
activities that provided opportunities for participants to interact informally. Other
institutions supporting the conference were the American Statistical Association,
the Mexican Statistical Association and the Centro de Investigaciones y Estudios
Avanzados (CINVESTAV). The Programme Committee is indebted to these
institutions as well as to the local organising committee: Blanca Ruiz (Chair),
Armando Albert and Tomas Sanchez, all lecturers of ITESM, and Ernesto Sanchez,
CINVESTAYV, México.

The Joint Study Conference was held the week before ICME-11 (the International
Congress on Mathematical Education). The following weekend an Encuentro
Latinoamericano de Educacion Estadistica (ELEE, Latin American Statistics
Education Meeting) was organised. The aim of this meeting was to gather together
Latin-American statistics educators and teachers taking part in either the Joint
ICMI/TIASE Study Conference or ICME 11 with the purpose of exchanging
experiences, expanding their statistics education knowledge, widening their
network of contacts and establishing projects for future collaboration. The ELEE
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meeting was attended by about 80 participants and included panel discussions,
presentations, workshops, posters and attendance at the closing sessions of the Joint
ICMI/TASE conference.

4 Structure of This Book

To produce a monograph that covers the state of art for the Joint ICMI/IASE
Study, the editors fixed a tentative content and a tentative structure for the book in
the Call for Papers. This structure took into account the papers presented and the
discussions held at the conference and tried to assure coherence and completeness
in the monograph. The Call for Papers was distributed to participants in the
conference, who were encouraged to form teams to prepare a common chapter in
the book when the papers presented in the conference dealt with complementary
themes.

The book is organised into four main parts, each consisting of several chapters.
Part I: Global Perspective derives from the conference work in Topics 1 and 5
and some papers presented in Topic 3. This part offers examples of how statistics
is conceived in the mathematics school curriculum around the world, including
developed and transitional countries, and how mathematics teachers who are
responsible for the teaching of statistics are currently trained. It consists of short
chapters organised around two themes. The first one, the statistics school curricula
around the world, deals with curricular issues in Brazil, United States of America,
Uganda and South Africa. The second theme (or section) discusses the particular
experiences of training teachers in Germany Honduras-Costa Rica, Iran, the United
States of America, and the Philippines.

Parts II, III and IV consist of chapters each of which considers a different theme.
The chapters take into account previous research presented in the conference and
discuss the topic in a general way. Specific research or experiences are included in
some cases, but particular examples are not the central focus of these chapters.
Instead they complement the theme of the part and serve to enlighten general
discussion on that theme. Chapters in Part II, Fundamentals for Teaching Statistics,
include discussion of the following topics of importance in the teaching of statistics,
three of which (the fundamental statistical ideas, the role of probability in the
statistics curriculum, and the challenges set by technology) were debated at the
conference plenary panels. Other topics that arose in the working group discussions
as relevant for the teaching of statistics (modelling in probability and statistics,
differences/complementarities between statistics and mathematics, the role of
assessment in teaching and learning, and teaching statistics through investigative
projects) are also discussed in this part.

Research on teachers’ knowledge and professional development in statistics,
that is, chapters in Part IIl, Teachers’ Beliefs, Attitudes and Knowledge, result from
the conference work in Topic 2. This part also includes a collective effort to present
a state-of-the-art summary of the research on this topic and implications for training
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teachers to teach statistics, as well as suggestions about how to advance research in
this area. After reflection on the components of teachers’ attitudes, beliefs and
classroom practices and how they are interrelated and affect teaching and learning
of statistics, the part contains a series of chapters each focussing on teachers’
knowledge or learning about a different statistical topic. Three chapters are focussed
on models for teachers’ statistical knowledge and how to measure this type of
knowledge.

Chapters in Part IV, Challenges and Experiences in Teacher Training, derive
from the conference working groups 3 and 4 and analyse questions and activities of
relevance in training the teachers. This part starts with an expansion of the opening
lecture (Preparing teachers to meet the challenges of statistics education) and then
discusses challenges and possibilities that real data, case analysis, statistical
investigations, technology and distance training offer to educate the teachers. Ways
to develop students’ and teachers’ statistical thinking and literacy are also discussed.
This part finishes with an overview of relevant examples of collaboration from
statistical offices and associations to improve the preparation of mathematics
teachers to teach statistics in different countries. In addition, the book includes an
overview and introduction to the different parts, written by the editors.

5 Final Notes

The book is directed to both mathematics and statistics educators, including
in-service teachers, students preparing to be teachers, teacher educators, people
involved in curricular development in statistics as well as researchers in statistics
and mathematics education and can be of interest to any in that audience. A primary
goal of the book is to help teacher educators and educational authorities to clearly
perceive the current need for all the students to be statistically literate and able to
reason statistically, the differences and complementarities between statistical and
mathematical thinking and literacy, and consequently the relevance of adequately
preparing mathematics teachers to teach statistics.

Parts IIT and IV contain very useful information about the knowledge required
by teachers, their current difficulties related to teaching statistics and possible
strategies for educating the teachers. These parts can be of interest to teachers
themselves, as an important part of research summarised in these chapters both in
learning difficulties or teaching strategies is applicable to students. In the same way,
the basic ideas for teaching statistics described in Part II are common in both the
training of students and teachers.

This book is designed to be useful to researchers in mathematics education and
statistics education with the hope that it will foster further research in the problems
related to educating teachers to teach statistics at different school levels, from
primary to secondary school. Finally, we hope this book will prove helpful towards
improving the teaching of statistics at school level and increasing the statistical
literacy and the statistical thinking of both teachers and students.
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While it was a large task, the editors found that the experience of editing this
book and working with such a varied group of international authors has been a
privilege for us. We recognise that we could not have completed this book without
the collaboration and cooperation of many people. Consequently, we are most
grateful for the dedication, expertise, and professionalism of authors and referees,
for the advice and feedback from ICMI and IASE officers, and particularly we are
most grateful for the work of the International Programme Committee, both in the
planning of the Joint ICMI/IASE Study Conference and in the initial stages the of
production of the book.

Carmen Batanero Universidad de Granada, Spain
Gail Burrill Michigan State University, USA
Chris Reading University of New England, Australia
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Part I
Global Perspective

Gail Burrill

Chapters presented in this part are organised into two sections, each composed of
short chapters that present examples of how the teaching of statistics is conceived
in different curriculum around the world (Chaps. 1-4) and how teachers are trained
to teach statistics at school level in different countries (Chaps. 5-9).

Chapters 1-4 derived from presentations in Topic 1 of the Joint Study
Conference: The current situation of teaching statistics in schools. Presentations
and discussions in this topic showed that school curricula in general are detailed,
communicated and enacted in various ways among the countries of the world.
Some countries have a well-defined national curriculum followed by the vast
majority of school systems. Others have a curriculum on paper, but implementation
is not universal. A few have no nationally mandated curriculum. The curricula for
statistics share this diversity, although nearly universally, statistics is incorporated
into the mathematics curriculum. Chapters 1-4 give a brief window into this
diversity, with discussions of the statistics programmes in Brazil, the United
States, Uganda, and South Africa. Brazil utilises statistics as a way to focus on
social and political facets of society, South Africa on preparing students to be
consumers of data, while in Uganda, statistics seems to be envisioned as a mathe-
matical body of knowledge to be learned. In South Africa, national assessments
drive the inclusion of statistics in the implemented curriculum, but this is not true
of all countries. The use of technology in the study of statistics also differs; Brazil
recommends the use of technology to minimise the tedious nature of data
processing and maximise data analysis and to simulate random experiments that
can help students develop an intuitive meaning of probability while in Uganda
technology is not allowed at the elementary level and typically not available at
other levels.

Campos, Cazorla, and Kataoka describe the statistics curriculum and methodological
guidelines for implementing the objectives prescribed by the Ministry of Education

G. Burrill (<)
Michigan State University, 240 Erickson, East Lansing, MI 48824, USA
e-mail: burrill@msu.edu



2 G. Burrill

in Brazil. The methodological guidelines position statistics as a tool for
understanding the social context in which students live and suggest that statistics
be considered as essential for the formation of a critical attitude on current
social, political, cultural and scientific issues in the study of interdisciplinary or
cross-cutting themes.

In contrast, at the time of the study, the United States had no national curriculum,
with each state responsible for its own mathematics and statistics standards.
Newton, Dietiker, and Horvath report on an analysis of the standards from 41 states
about the role of statistical reasoning and the statistical process. The findings
suggested that procedures are overemphasised in the curricular expectations as
defined by the standards (particularly in the lower grades) with little expectation
that the curriculum encourage statistical reasoning.

Uganda has a compulsory curriculum, but according to Opolot-Okurut and
Opyene-Elu the statistical content in the curriculum is mostly formula-based, and
only 10% of the curriculum at the elementary level is on statistics. The focus is
primarily on simple exploratory data skills; other content is optional, which, in
practice, means that teachers concentrate on mathematics not on statistics. And
often texts are not available, which means teachers have few resources to use in
teaching statistics.

Wessels describes the revised approach to statistics in South Africa. The goals
align with the goals of preparing learners for the social and economic needs they will
face as adults in the twenty-first century and as consumers of interpretations of data.

Chapters 5-9 discuss the training of teachers to teach statistics and is a
consequence of specific examples of courses for teacher preparation and professional
development presented in the Conference Topic 3, Analysing current practices in
teacher education regarding the teaching of statistics, while more general topics
related to the training of teachers are included in Part IV. As countries increasingly
are recognising the need to shift their curricula to include statistics and probability,
those responsible for teaching this content are primarily teachers trained to teach
mathematics. Providing appropriate preparation and professional development
for teachers to teach statistics is done through programmes offered by government
institutions, professional statistics associations, academic and teacher education
institutions, private organisations, and in some countries, through collaborative efforts
among these entities. The papers in Chaps. 5-9 include a discussion of a university-
based programme in the United States, university outreach initiatives in Germany,
collaborative efforts among institutions in Iran and in the Philippines, and a
comparison of the training to teach statistics in Costa Rica and Panama.

Froelich describes a new curriculum in statistical content that requires the
cooperation of mathematics, mathematics education, and statistics faculty for future
secondary mathematics teachers at a major state university in the United State. The
curriculum, however, does not focus on how to teach statistics.

According to Martignon, curricula across all states in Germany now include
mandatory competencies in data analysis and statistical reasoning from elementary
school to grade 12 with the focus in most states on statistical literacy. To prepare
teachers to carry out these new mandates, some universities have introduced regular
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seminars for future and experienced teachers on educational problems in stochastics,
and some states include statistical questions on data analysis and visualisation in
the central final examinations for future teachers.

The Iranian Ministry of Education designed a new course in statistics for all
students in the second or third year of high school that emphasised statistical
reasoning and the use of technology as a tool for analysis according to Persian and
Rejali. Several professional organisations offered programmes to prepare teachers
to teach this course, with much of the work initiated by the Iranian Statistical
Society. Along with the Isfahan Mathematics House and the Mathematics
Teachers’ Society of Isfahan, they started an annual team-based statistics
competition among high school students and with the help of the Iranian Statistics
Research and Training Centre (ISRTC) developed an electronic site in Farsi for the
popularisation of statistics.

Reston and Bersales describe examples in the Philippines of how individuals,
universities, government and private organisations work together to achieve reforms.
To better prepare the teachers to implement a revised school curriculum that
includes some statistics and probability, the Department of Education organised a
programme for elementary mathematics teachers delivered by five teacher education
institutions. Two government organisations, the Philippine Statistical System and
the Commission on Higher Education, collaborated with the Philippine Statistical
Association to organise several reform efforts including the development and
implementation of a nation-wide course in probability and statistics for teachers
and the preparation of texts and reference material for teachers.

Sorto contrasts the preparation of teachers to teach statistics in two South
American countries, Panama and Costa Rica reporting on opportunities to study
statistics during teacher preparation programmes and in structured professional
development activities in each country.

In summary, papers included in Chaps. 1-4 and 5-9 represent the variation in
statistics curricula and teacher training found around the world. The examples can
provide a base for comparison with situations in other countries and highlight the
need to recognise the relevance of improving the statistics education of students and
teachers in every country.






Chapter 1
Statistics School Curricula in Brazil

Tania M.M. Campos, Irene M. Cazorla, and Veronica Y. Kataoka

Abstract In Brazilian basic education, National Curricular Parameters recommend
the inclusion of probability and statistics as part of mathematics. Despite the
innovative character and methodological guidelines focused on the formation
of a scientific spirit and on civic preparation, teaching probability and statistics
faces difficulties because of lack of training for teachers, didactic materials, and
availability of software, among others. Therefore, statistics educators in Brazil have
hard but promising work ahead.

1 Introduction

Basic education in Brazil consists of elementary and secondary education, totalling
12 years. Elementary education is comprised of two phases: the first consists of
cycles 1 (6-8 year-olds) and 2 (9-10 year-olds), and the second consists of cycles
3 (11-12 year-olds) and 4 (13-14 year-olds), totalling nine grades. Secondary
education consists of three grades (15-17 year-olds).

To establish content themes and their development, according to the specificities
of each school level, the Ministry of Education (Ministério da Educacéo) prepared
a document in 1997 known as the National Curricular Parameters (NCP). These
parameters were developed first for application in cycles 1-2 of elementary
education (Ministério da Educacdo, 1997), then for cycles 3—4 of elementary
education (Ministério da Educagdo, 1998), and finally for secondary education

T.M.M. Campos (<) and V.Y. Kataoka

Universidade Bandeirante de Sao Paulo, Av. Bras Leme, 3029, Sao Paulo,
SP, 02022-011, Brazil

e-mail: taniammcampos @hotmail.com; veronicayumi@terra.com.br

I.M. Cazorla

Universidade Estadual de Santa Cruz, Campus Soane Nazaré de Andrade, km 16, Ilhéus,
BA, 45662-900, Brazil

e-mail: icazorla@uol.com.br

C. Batanero, G. Burrill, and C. Reading (eds.), Teaching Statistics in School 5
Mathematics-Challenges for Teaching and Teacher Education: A Joint ICMI/IASE Study,
DOI 10.1007/978-94-007-1131-0_1, © Springer Science+Business Media B.V. 2011



6 T.M.M. Campos et al.

(Ministério da Educacdo, 2002, 2006). The NCP were designed with the aim of
“establishing quality goals to assist students to face the world today as participatory,
reflective and independent citizens, knowledgeable of their rights and duties”
(Ministério da Educagao, 1997, p. 4).

This chapter presents an analysis of the mathematics in the NCP related to
probability and statistics, using a methodology for content analysis (Bardin, 2006).

2 Objectives and Contents

Probability and statistics are inserted in the NCP recommendations in mathematics. In
elementary education, they are part of one of the four content blocks, the “Information
Handling” block. In secondary education, they are part of one of the three blocks, the
“Data Analysis” block. This status shows the recognition of the importance of
developing statistical reasoning in the intellectual and civic formation of students.

* The objectives of cycle 1 for elementary education are: (a) to develop
procedures to collect, organise, communicate, and interpret data through
tables, charts, and representations that are frequently used in daily lives; and
(b) to understand that most events of everyday life are random in nature by
exploring concepts of chance and uncertainty that arise intuitively in situations
where the student performs experiments and observes events (Ministério da
Educacao, 1997).

* The objectives of cycle 2 for elementary education are: (a) to appreciate the use
of statistical language as a means of communication and to facilitate ways to
solve and communicate strategies and results; and (b) in the field of probability,
to identify characteristics of predictable or random events from problem
situations (Ministério da Educacdo, 1997).

» The objectives of cycle 3 for elementary education are: (a) to encourage the
formulation of hypotheses from systematic observations of quantitative and
qualitative aspects of reality, establishing interrelationships between those aspects
(variables) by making use of mathematical knowledge, and to select, organise,
and produce relevant information in order to interpret and assess those relations
critically; and (b) to promote understanding of patterns and trends in data by
drawing inferences from the frequencies and measures of central tendency of a
population sample (Ministério da Educacdo, 1998).

» The objectives of cycle 4 for elementary education are: (a) to build the sample
space of equally likely events by using the multiplicative principle or simulations
to estimate the probability of the success of an event; and (b) to go beyond the
reading of information and think more critically about the meaning in the
information. Thus, the proposed topic should go beyond mere description and
representation of data to include investigation of the data and decision-making
based on that investigation (Ministério da Educacdo, 1998).

* The objectives of secondary education are: (a) to enable students to master the
language of probability; (b) to raise some equiprobability hypotheses; and (c) to
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associate statistics with observed results and frequencies of corresponding
events and make use of such statistical frequencies to estimate the probability of
a given event (Ministério da Educacgdo, 2002, 2006).

The content suggested for the proposed objectives can be grouped under four
categories, ranging in intensity and complexity as students progress through the
levels of education.

e Collecting, organising, and representing data: simple and two-way tables,
absolute and relative frequency; construction of bar charts, pie charts, line graphs,
histograms, and frequency polygons.

 Interpreting data: for cycles 1 and 2 of elementary education, data interpretation
involves essentially the reading of tables and graphs. In cycles 3 and 4 and in
secondary education, in addition to reading data, students are expected to produce
and interpret a number of statistical measures, including measures of central
tendency (mean, median, and mode) and measures of variability (mean deviation,
variance, and standard deviation).

* Drawing and assessing inferences: for cycle 4 elementary and secondary
education only, drawing inferences from data analysis; using measures of central
tendency and frequencies to estimate trends and probabilities.

e Understanding and applying probability and chance: notions of chance and
uncertainty; probability of a single event; for cycle 4 elementary and secondary
education only, building a tree diagram and using combinatorial analysis to
calculate probability and conditional probability.

3 Methodological Guidelines

The formulation of hypotheses does not seem to be explicit in the objectives or
content. However, the role of hypotheses becomes more evident in the methodological
guidelines, where statistics is considered to be an essential tool for the formation of
a critical attitude about current social, political, cultural, and scientific issues in the
study of interdisciplinary or cross-cutting themes.

The guidelines also recognise the role of statistics in understanding the social
context in which students live and therefore as a tool for their civic education. In
relation to information reported in the media, the NCP emphasise statistics as a
language to describe reality, recognising the relativity of statistical measures and
how they can be handled in accordance with specific interests.

Another suggestion in the guidelines is that systematic observation of phenomena
in several fields of knowledge may help students develop an investigative spirit
where statistics is seen as part of the scientific method. Students should use
simulation to study the regularities of phenomena, with empirical evidence needed
to test hypotheses and inferences, even informally.

Finally, the NCP recommend the use of a calculator and a computer, especially
spreadsheets, to minimise the tedious nature of data processing and maximise data



8 T.M.M. Campos et al.

analysis, as well as to simulate random experiments that can help students develop
an intuitive meaning of probability, observing, for example, the relative frequency
of an event over a long run of repetitions.

4 Final Considerations

In conclusion, probability and statistics education in Brazil prioritises the analysis and
interpretation of data where it is seen as a language to describe reality and does not
emphasise the formalism of concepts and formulas. However, although the guidelines
mention terms such as population and sample and use mean and frequencies as
estimates of population values and probabilities, the NCP have no discussion about
sampling and the variability of sample means and make no references to quantiles
(except of the median) or to box plot.

The analysis conducted in this chapter may help in discussions of the NCP
guidelines during the process of teacher training, assist researchers interested in the
process of teaching and learning statistics, or be useful in making comparisons with
the curricula from other countries.

Finally, we should mention that implementation of the NCP guidelines in
schools still faces major challenges, including: (a) initial and continued preparation
of teachers; (b) didactic books, which have conceptual mistakes and present the
content in a fragmented way; (c) the scarcity of didactic materials; (d) research
results that are not yet available to schools; and (e) the lack of free software as well
as other obstacles. Taken all together, in Brazil statistics educators still have hard
but promising work ahead.
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Chapter 2
Statistics Education in the United States:
Statistical Reasoning and the Statistical Process

Jill Newton, Leslie Dietiker, and Aladar Horvath

Abstract Two important components of statistical literacy are statistical reasoning
and the statistical process. This chapter summarises a study that analysed 41
mathematics state standards documents as they existed in 2006 to surmise the
extent to which learning these components is expected of students in the United
States. Most prominent among the findings were the overrepresentation of isolated
statistical procedures and the corresponding scarcity of expectations addressing
statistical reasoning and the statistical process.

1 Introduction

Statistical literacy has been conceptualised in many ways (e.g., Utts, 2003; Ben-Zvi
& Garfield, 2004; Franklin et al., 2005); however, often highlighted as important
for statistical literacy are: (a) statistical reasoning, and (b) the statistical process.
Utts (2003) states that “there is less need to emphasise calculations, and more need
to focus on understanding how statistical studies are conducted and interpreted”
(p- 74). Similarly, Burrill and Camden (2005) propose that “students seem to be
mastering statistical procedures and vocabulary but are not able to use statistical
reasoning in a meaningful way” and that “an over-emphasis in school syllabi on
answering questions rather than posing them, and making decisions based only on
data displays produces an approach based on absoluteness of data that stifles the
development of statistical thinking” (p. 4).
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The goal in the analysis described in this chapter was to report on expectations
that students in the United States will use statistical reasoning and carry out the
statistical process. The investigation was complicated by the fact that, unlike the
majority of countries in the world, the United States does not have a national
mathematics or statistics curriculum. Rather, each state has its own mathematics
and statistics standards.

The analysis, then, became an examination of a set of state standards. The
analysis was framed using the Guidelines for Assessment and Instruction in Statistics
Education (GAISE) Report published in 2005 by the American Statistical Association
(ASA). The GAISE Report proposes four process components of the statistical
investigative process: (1) formulate questions, (2) collect data, (3) analyse data, and
(4) interpret results (Franklin et al., 2005). These components are consistent with the
data analysis standards proposed by the National Council of Teachers of Mathematics
(NCTM, 2000): (1) formulate questions that can be addressed with data and collect,
organise, and display relevant data to answer them; (2) select and use appropriate
statistical methods to analyse data; and (3) develop and evaluate inferences and
predictions that are based on data. As part of a larger study, this chapter summarises
the analysis of the state standards using the four process components in the GAISE
Report to address the following questions: (1) To what extent do the K-8 US state
mathematics standards promote statistical reasoning? (2) To what extent do the K-8
US state mathematics standards expect students to carry out the statistical process?

2 Method

All of the statistics grade level expectations (GLEs) from 41 state standards
documents were collected, and each GLE was coded into the appropriate process
component (Franklin et al., 2005):

1. Formulate questions: (a) clarify the problem at hand; (b) formulate one (or more)
questions that can be answered with data;

2. Collect data: (a) design a plan to collect appropriate data; (b) employ the plan to
collect the data;

3. Analyse data: (a) select appropriate graphical and numerical methods; (b) use
these methods to analyse the data; and

4. Interpret results: (a) interpret the analysis; (b) relate the interpretation to the
original question.

Many GLEs were coded as applicable for more than one process component. For
example, third graders in South Dakota are expected to “gather data and use
information to complete a scaled and labelled graph”. This GLE was coded as both
Collect Data and Analyse Data. Expectations for statistical reasoning within each
process component and expectations related to conducting the statistical process
were noted.
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3 Results and Discussion

General findings. In the 41 state standards documents, as they existed in 2006,
1,711 GLEs address at least one of the four process components (approximately 42
statistics GLEs per state). Across all states, the number of GLEs increases steadily
from Kindergarten (98 GLEs) until grade 7 (244 GLEs), and then decreases slightly
in grade 8. Table 2.1 summarises the number of GLEs coded into each process
component. Results show that students are much more often expected to analyse
data and interpret results than to formulate questions and collect data.

Statistical reasoning. When students were expected to go beyond statistical
procedures to evaluate or reflect on these procedures, the GLE was coded as
statistical reasoning. For example, sixth graders in Florida are expected to “find the
range, mean, median, and mode of a set of data”. GLEs of this type do not seem to
require statistical reasoning. In contrast, eighth graders in Michigan are expected to
“recognise practices of collecting and displaying data that may bias the presentation
or analysis”. Some GLEs expected both doing procedures and reasoning statistically.
For example, seventh graders in Washington are expected to “formulate a question
and collect data from a population, describing how the questions, collection
method, and sample population affect the results”. Forty of the 41 states analysed
include at least one GLE that promotes statistical reasoning. Table 2.2 summarises
the relative frequencies of GLEs that promote statistical reasoning across the
process components.

Only 28% of the GLEs across the 41 states promote statistical reasoning. In
addition, expectations for statistical reasoning were much more prevalent in GLEs
addressing data collection and analysis than in question formulation and
interpretation of results. The frequency of GLEs that promote statistical reasoning
increases from four GLEs in Kindergarten to 113 GLEs in Grade 8, indicating that
young students are expected to do little statistical reasoning.

Table 2.1 Number of grade level expectations (GLEs) by process component

Formulate Collect Analyse Interpret
questions data data results Overall
Number of GLEs 12 423 968 867 1,711

Table 2.2 Frequency of statistical reasoning grade level expectations (GLEs)

Formulate  Collect  Analyse Interpret

GLE questions data data results Overall
Promotes statistical reasoning 13 119 325 66 475
Includes process component 112 423 968 867 1,711
Percent of process component GLEs 12% 28% 34% 8% 28%

requiring statistical reasoning
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Statistical process. Only 41 of the 1,711 GLEs (approximately 2%) include the
expectation that students plan and carry out the statistical process. For example,
third graders in the Department of Defense schools are expected to “develop and
implement a plan to collect and organise data to address a given question”.
However, some GLEs include several process components that may indicate the
state’s expectation that students move beyond isolated process components. For
example, third graders in Oklahoma are expected to “pose questions, collect,
record, and interpret data to help answer questions”. This GLE expects students
to carry out the statistical process from beginning to end (i.e., includes all four
process components). Less than 30% of the GLEs include more than one process
component in a single GLE, and only 7% of the total include three or four process
components. However, nearly half of the states either address study design
explicitly or combine all four process components into one GLE suggesting that
students should carry out the entire statistical process. In addition, 15 GLEs
address the iterative nature of the statistical process. For example, sixth graders
in Tennessee are expected to “make conjectures to formulate new questions for
future studies”.

4 Conclusion

The study set out to determine whether K-8 state standards in the United States of
America promote statistical reasoning and expect students to conduct the statistical
process. In both cases, the answer is that most states do but to a very limited extent.
The procedures associated with the statistical process are undoubtedly an important
part of statistical knowledge; however, this analysis indicates that there is an
overemphasis on these procedures (particularly in the lower grades) and a lack of
expectation that the curriculum should go beyond these procedures to encourage
statistical reasoning.

Several important implications for teacher education programmes emerge from
this analysis. First, a holistic approach to the statistical process is needed in order
for teachers to understand the importance of spending time assisting students with
question formulation and data collection (this analysis found these process
components to be underrepresented in the state standards). Second, teachers will
need to be prepared to facilitate discussions with students around the expectations
that promote statistical reasoning. That is, in many states (to varying degrees),
statistics education has moved beyond calculating means and constructing graphs,
and it is important that teachers know how to implement these new expectations.
Finally, it seems important that teachers begin to see state expectations as a
minimum requirement. That is, teachers working in states that expect students only
to “do” the process components and that lack attention to statistical reasoning and/
or the statistical process should be encouraged to enhance their instruction to
include these critical components of statistical literacy.
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Chapter 3
Statistics School Curricula for Uganda

Charles Opolot-Okurut and Patrick Opyene Eluk

Abstract This chapter describes the statistics curricula for schools in Uganda,
outlining the intended curricula for the primary and secondary schools and
explaining the statistics content for each year of study in the primary schools.
The secondary school curriculum has ordinary and advanced level components. In
the two courses offered at the ordinary level and at the advanced level, statistics
is incorporated to different widths and breadths. The instructional materials and
resources that are available and used for the teaching of statistics, especially the
textbooks and technology, are described as well as the assessment format and
practice for statistics within mathematics at the different levels.

1 Introduction

“Planning without accurate figures is a common feature of the economy of most
developing countries” (Oyelese, 1982, p. 189) like Uganda, which the use of correct
statistical data could remedy. Statistical data partly derive from statistical activities
in schools. This chapter describes the statistics school curricula for Uganda
including the contextual background of the education system, the statistics content
at the primary and secondary school levels, statistics teaching resources, and the
assessment format used.
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1.1 Contextual Background of the Education
System in Uganda

Uganda’s education system follows a national curriculum for all subjects and
school levels. The education system has pre-primary school, primary school,
secondary school, and tertiary levels. The primary level is of 7 years duration, while
the secondary level has two sublevels: an ordinary level lasting 4 years and an
advanced level lasting 2 years. Mathematics and statistics are a combined course
that is compulsory at both primary and ordinary levels taught by the same teacher.
Teachers of statistics are initially trained to teach mathematics in preservice teacher
programmes (Opolot-Okurut, Opyene Eluk, & Mwanamoiza, 2008).

2 Statistics Curriculum at Primary School Level

At the primary level, statistics topics include graphs and interpretation of information
(Uganda National Examinations Board [UNEB], 1991; National Curriculum
Development Centre [NCDC], 1999) intended to introduce pupils to basic statistical
concepts. The statistics content covered in lower primary classes (primary one to
three) includes graphical representation of simple data. In the upper primary classes
(primary four to seven) the content includes scales on horizontal and vertical axes,
drawing and interpreting bar graphs; tabular and graphical representation of
information; simple statistical averages; and probability of simple events (NCDC,
2000). Unfortunately, teachers concentrate on teaching mathematics as only 10% of
the topics in the curriculum are on statistics.

3 Statistics Curriculum at Secondary School Level

3.1 Statistics Curriculum at Ordinary Level

Courses 456-mathematics and 475-additional mathematics are offered at this level
to extend the statistics introduced in the primary school. The work covered involves
using existing data from textbooks:

Four-five-six mathematics: In this course, statistics topics fall under “Miscellaneous
Applications” (UNEB, 2005). The content includes graphical and tabular
organisation of data, summarising and interpreting data, and basic concepts of
probability. According to NCDC (2008) discrete data organisation, analysis and
interpretation are done in senior one; averages for ungrouped distribution are in
senior two; data collection and organisation of grouped data, averages for grouped
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data, and experimental and theoretical probability are in senior three. In senior four,
statistical concepts earlier covered are revisited, though some students fail to
acquire the basic foundation in statistics.

Four-seven-five additional mathematics: In a few schools, gifted students are
offered additional mathematics as an optional subject. This course contains more
statistics topics than 456-mathematics (UNEB, 2005). The content includes
appropriate organisation of data, data analysis and interpretation, moving averages,
and index numbers. Laws of probability, discrete and continuous variables,
expectation, normal and binomial distributions, confidence intervals, sampling and
surveys, correlation and regression (UNEB, 2005) are also covered. Senior four
students cover this course in most schools.

3.2 Statistics at Advanced Level

Two courses, principal (P425) and subsidiary (S475) mathematics, are offered at
advanced level, both of which cover some statistics (UNEB, 2008). In principal
mathematics, statistics falls under applied mathematics. The statistics content
includes introduction to statistics, organisation of data, measures of central tendency
and dispersion, index numbers, probability sample spaces, functions and distribution
functions, and confidence intervals (UNEB, 2008). Statistics covers about a quarter
of the mathematics curriculum. The content of subsidiary mathematics is similar to
the additional mathematics for ordinary level (UNEB, 2008).

4 Statistics Teaching and Learning Resources

The teaching of statistics in Uganda is similar to that of other African countries
such as Kenya (Odhiambo, 2002). Teachers who teach statistics rarely have an
opportunity to develop sound knowledge of the principles underlying good statistics
teaching. The topics treated and approaches used in classrooms derive from
textbooks, which teachers regard as the main authority for statistics content and the
de facto curriculum. Unfortunately, textbooks are often unavailable or inaccessible
to students. Furthermore, most locally produced primary and ordinary level
textbooks introduce students to statistics through “non-genuine data”. This scenario
contrasts with the statistics teaching involving projects and problem-solving
(Moore & Roberts, 1989; Cobb, 1992). Most statistics teaching (based on personal
experience) involves using mechanical formulae-based approaches without
applications of real-life data, statistical reasoning, and problem solving. Meanwhile,
advanced level textbooks are mostly imported and expensive. Teaching statistics in
schools rarely involves using technology, and use of calculators by primary pupils
is unaccepted.
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5 Statistics Assessment Items

The items for Primary Leaving Examination (PLE), Uganda Certificate of
Education (UCE), and Uganda Advanced Certificate of Education (UACE) are
like the questions in textbooks. The 42-item test for PLE assessment includes
statistics items within a single compulsory mathematics question paper from the
primary syllabus. The items emphasise more mathematics than statistics, which
contrasts with Egypt, where statistics is a major part of the mathematics
curriculum (Assar, 2002). Statistics assessment items for UCE examinations are
from the 456-mathematics syllabus. Meanwhile, the statistics assessment items
for the 475-additional mathematics question paper are from the 475-additional
mathematics syllabus.

Statistics items assessed in the UACE S475-mathematics paper are similar to the
UCE 475-additional mathematics. Worth noting is that the number of students
taking subsidiary mathematics is on the decline, as many students prefer the
P425-Principal Mathematics because passing P425 offers a better opportunity for
entrance to a variety of university courses.

The assessment items for the P425-Principal Mathematics statistics examinations
derive from the relevant curriculum syllabus and include introduction to statistics
and index numbers, but confidence intervals receive little attention (UNEB, 2007).
Overall, statistics assessment in Ugandan schools, as was the case in South Africa
before the introduction of Curriculum-2005 (Wessels, 2008), is formula-based. The
compulsory sections of the question paper contain some statistics questions, which
force students to attempt some statistics. However, such assessments produce
students who are ill prepared for the statistics required in higher education and for
application in adult life.

6 Conclusion

The observations described in this chapter can be useful to educators in Uganda
and other countries that are engaged in improving the teaching and learning of
statistics. Statistics teaching faces common challenges such as teacher-centred
and examination-oriented instruction, little feedback on students’ assessment,
and the use of the textbook as a primary source of problems. To address these
challenges teacher training must focus on preparing teachers to teach statistics
effectively. Statistics teaching should embrace the use of technology, cooperative
learning, and student-centred instruction. More varied and motivating forms of
statistics instruction and assessment are needed to inspire learners to embrace
statistics, and more research is needed to inform statistics educators about
strategies to make this happen.
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Chapter 4
Statistics in the South African School
Curriculum

Helena Wessels

Abstract In this chapter, the status and content of statistics in South African
primary and secondary school curricula are discussed. In the post-1994 school
mathematics curriculum, the scope of statistics, or data handling and probability,
has been broadened to promote statistical thinking through all phases of the
statistical process. Because of a lack of content knowledge and knowledge of how
learners develop and understand statistical concepts, however, teachers are not yet
fully prepared to implement the intended curriculum. An external assessment at the
end of grade 12 influences to a great extent teaching approaches and how content
is covered.

1 Introduction

Outcomes-based education forms the foundation of the post-apartheid school
curriculum in South Africa, promoting a learner-centred, activity-based approach.
The new curriculum, revised in 2002, is divided into two parts: the General
Education and Training (GET) band and the Further Education and Training (FET)
band (Department of Education [DoE], 2002, 2003a). The GET band consists of
three different phases: the Foundation (grades R-3, where R indicates the grade
before grade 1), Intermediate (grades 4—6) and Senior Phases (grades 7-9), while the
FET band spans grades 10-12. All learners in the FET band have to take either
mathematics or mathematical literacy. In both the GET and FET bands, the focus of
data handling and probability is on the development of skills to collect, organise and
critically analyse and interpret data; in the FET band, these skills are used to
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establish statistical and probability models to solve related problems. In mathematical
literacy, the development of skills to collect, organise, analyse and interpret data is
also prominent, focussing on the role of learners as consumers of interpretations of
data (DoE, 2003b).

In the past, data handling was taught traditionally, aiming at the drawing of
simple graphs of already organised data sets, the description of single data sets,
answering of direct questions about graphs and tables, and calculations of the mean,
median and mode of small artificial data sets without real understanding from
learners or teachers about the meaning or appropriateness of these measures. This
traditional approach taught learners fragmented skills that did not prepare them to
interpret data critically, communicate their opinions and conclusions, or to be
statistically literate; nor did it prepare them for further studies in statistics (North &
Zewotir, 2006).

The revised curriculum includes the collection, representation and critical
analysis of data to draw conclusions, predict and determine chance variation. These
goals are in line with the mission of the Department of Education to prepare
learners for the social and economic needs they will face as adults in the twenty-first
century (DoE, 2009). One of the main ideas on all levels of the curriculum is the
solving of problems on social, environmental and political issues, human rights and
inclusivity by using the statistical process.

Many mathematics teachers in South Africa are not yet statistically literate
themselves and lack the confidence to teach statistics; more professional
development initiatives are needed to prepare them to implement the curriculum
successfully (Wessels, 2009). The Sixth International Conference on Teaching
Statistics (ICOTS-6) held in Cape Town in 2002 resulted in considerable advantages
for statistics education in South Africa. The teacher training programme that ran
parallel to the conference sparked a series of professional development initiatives
for teachers in South Africa that are still continuing (North & Zewotir, 2006).

2 Statistics Content in the South African Mathematics
Curriculum: GET Band

In the Foundation Phase, the development of skills starts with sorting objects and
data according to different features, while developing an awareness that the
selection of attributes used for sorting the data influences the representation of the
data and the subsequent conclusions and predictions. Representation should adhere
to one-to-one correspondence between an item and its representation.

Central in the Intermediate Phase is the gaining of skills to collect and
summarise data for interpretation and prediction. The influence of specific questions
on the understanding of the situation and the role of representations in the
clarification or concealment of different features of the data limiting interpretation
and prediction should be emphasised. The constraining role of data-gathering
contexts in the interpretation of and subsequent prediction from data should be
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made explicit through examples; for example, interviewing only a group of
teenagers on music preferences for background music in a shopping mall as
compared to interviewing people of all ages. Teachers should foster learners’
abilities to critically consider data collection methods, the suitability of different
representations to summarise a data set and interpretations and predictions made
from data, using discrete data and whole numbers. Calculation of the probability of
an event happening is not required, but awareness should be developed that different
situations yield different probabilities and that many situations have a finite number
of different possible outcomes.

Learners investigate and solve data handling problems in the Senior Phase by
using techniques learned in previous phases. Learners should deal with discrete and
continuous data, do projects and use measures of central tendency, range and
standard deviation. Chance is studied through single and compound events, simple
experiments showing the difference between the probability and relative frequency,
and expressions of chance and probability from real life; for example, “The HIV
test for babies is 74% reliable”.

3 Statistics Content in the South African Mathematics
Curriculum: FET Band

In the discussion of data handling for the FET band a distinction is made between
the content for mathematics and for mathematics literacy for grade 12. The
content covered in grades 10 and 11 led to the required content for grade 12 and
will not be discussed separately. For mathematics it is necessary to consider the
assessment requirements for the external examination as a determining factor for
the content in grades 10—12. The learning outcomes and assessment standards for
grade 12 have been divided into Core and Optional Assessment Standards. Core
Assessment Standards are examined by means of two compulsory papers, while
Optional Assessment Standards are examined by means of an optional third paper
(DoE, 2008).

Data handling comprises 16.7% of the second compulsory paper and includes
graphical representation of data; measures of central tendency and dispersion; box
plots, scatter plots and ogives; calculation of variance and standard deviation; and
fitting lines to data. Topics included in the optional paper comprise dependent and
independent events, Venn diagrams, bias, error in measurement, uses and misuses
of statistics, effective communication of conclusions and predictions, symmetric
and skewed data, importance of sample size, regression functions and the correlation
coefficient for bivariate numerical data.

It was anticipated that the Optional Assessment Standards would become
compulsory after 2010 to provide for the required training of teachers, but the
Department of Education has since decided that these standards will remain
optional (DoE, 2009). This assessment policy has caused many teachers to drop the
optional grades 10—12 Assessment Standards from the curriculum. Learners who
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want to write the optional paper in grade 12 have to attend extra classes after
school. Concerns are that learners who have not been taught statistics in grades
10-12 will not be statistically literate when they leave school and will be
ill-prepared for the interpretation of statistical information presented in the media
and for statistics at the tertiary level.

The main focus of data handling in mathematical literacy is informal inferential
reasoning, more specifically the critical comparison and interpretation of two data
sets to draw conclusions and make predictions, taking into account sources of error
and bias. The use of numerical and graphical summaries of data should be used to
describe trends and the use and misuse of statistics in society. Probability values are
used to make predictions about outcomes of games and other real-life situations.
Mathematical literacy is examined through two papers: the first focuses on basic
knowledge and routine applications of data handling and probability, while the
second paper requires more reasoning about and interpretation and application of
given information.

4 Conclusion

Statistics education in South Africa is still in its infancy, and much needs to be
done to prepare mathematics teachers to teach the broadened statistics curriculum
to promote statistical literacy. Through cooperation between the Department of
Education, university mathematics education departments and Statistics South
Africa, preservice and inservice teacher training courses are presented to attain
this objective (North & Scheiber, 2008; Wessels, 2009).
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Chapter 5
Developing a Statistics Curriculum for Future
Secondary Mathematics Teachers

Amy G. Froelich

Abstract To support the teaching of statistics in secondary schools as recommended
by the National Council of Teachers of Mathematics 2000 Principles and Standards
for School Mathematics and the American Statistical Association 2005 Guidelines
for Assessment and Instruction in Statistics Education, the faculty at Iowa State
University designed a new curriculum in statistical content for future secondary
mathematics teachers. Based on recommendations from national mathematics
committees, this new curriculum engages future secondary mathematics teachers
with data collection and analysis, inferential statistics, and probability, and
highlights connections and differences between mathematics and statistics.

1 Introduction

In the last 20 years, the teaching of statistics as a part of the mathematics school
curriculum has become more prevalent across the United States. In 1989, the
National Council of Teachers of Mathematics as a part of their document
Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989)
called for data analysis and probability to be taught in the nation’s schools. This call
was repeated and expanded in 2000 in the NCTM document Principles and
Standards for School Mathematics (NCTM, 2000). The American Statistical
Association’s Guidelines for Assessment and Instruction in Statistics Education
(GAISE) Report (Franklin et al., 2005) for the Pre-K-12 classroom calls for
teaching statistics in the schools using a problem-solving framework along with a
focus on the nature and sources of variability.
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2 Curriculum Recommendations for Future
Mathematics Teachers

In recognition of the changes in the status of statistics in the school mathematics
curriculum, two reports on the curriculum for future mathematics teachers were
issued in the last decade. Both the Conference Board of Mathematical Sciences book,
The Mathematical Education of Teachers (the MET Report) (CBMS, 2001), and The
Mathematical Association of America report, Undergraduate Programs and Courses
in the Mathematical Sciences: CUPM Curriculum Guide 2004 (the Committee on the
Undergraduate Program in Mathematics (CUPM) Curriculum Guide) (CUPM, 2004),
reinforced the need for statistical training in the preparation of future mathematics
teachers. The CUPM Curriculum Guide states that “(t)he emphasis on data analysis
in the 2000 NCTM standards ... make(s) a study of statistics necessary for those
preparing for secondary school teaching in mathematics” (CUPM, 2004, p. 47). This
report further indicates the importance of having all mathematics majors (including
future teachers) “study statistics or probability with an approach that is data-driven”
(CUPM, 2004, p. 47). The MET Report goes further, by recommending that future
teachers gain experience in five areas: exploring data, planning a study, anticipating
patterns, statistical inference, and probability (CBMS, 2001).

At the same time, statistics educators focused on student-level outcomes and
guidelines for teaching the college introductory statistics course. In 1992, the Guidelines
of the American Statistical Association/Mathematical Association of America Joint
Committee on Undergraduate Statistics called for the introductory statistics course to
(1) emphasise statistical thinking, (2) include more data and concepts, less theory and
fewer recipes, and (3) foster active learning (Cobb, 1992). Building upon this work, the
GAISE College Report (Garfield et al., 2005) provides six recommendations for
teaching the introductory statistics course and 23 student learning outcomes for all
introductory statistics courses. The guidelines in Cobb (1992) were endorsed in the
CUPM Curriculum Guide (CUPM, 2004) as a part of their recommendation for a
data-driven approach to statistics and probability study for mathematics majors.

3 A Statistics Curriculum for Secondary Mathematics
Teachers

In light of these reports, the faculty from the Departments of Statistics and Mathematics
at Jowa State University decided to implement a new curriculum in statistical content
for future secondary mathematics teachers. The new curriculum includes two required
courses (introductory statistics and probability) and three recommended courses
(applied regression modelling, design and analysis of experiments, and mathematical
statistics).
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Following the recommendations of the CUPM Curriculum Guide, the first
required course is an introductory statistics course following the guidelines from
the Cobb (1992) report and the GAISE College Report (Garfield et al., 2005).
Course content includes descriptive statistics, data collection through random
samples and random experiments, and an introduction to statistical inference, all
taught with an emphasis on conceptual understanding. Completion of this course
gives future teachers content knowledge in three areas (exploring data, planning a
study, and statistical inference) from the MET Report (CBMS, 2001).

The second required course is a course in probability including content in
standard probability distributions. At Iowa State, this course has been redesigned to
place more focus on data analysis and investigations of concepts. The differences
between theoretical probabilities and probabilities estimated through simulation
and experimentation are emphasised through this approach (Froelich, 2009). From
this course, future teachers gain content knowledge in the other two areas from the
MET Report (CBMS, 2001) (anticipating patterns and probability) not covered by
the introductory course.

While the two required courses are a good basis for the statistical content
training of future secondary mathematics teachers, the content in these courses
only mirrors the content future teachers will be responsible for teaching in the
classroom. To gain a deeper understanding of statistics and its connection to
mathematics, additional courses are necessary. However, as with many other
education degree programmes, there is very little room to add courses to the
degree programme for these future teachers and still allow for graduation from
the university in a four-year time frame. Thus, the remainder of the curriculum
(applied regression models, design and analysis of experiments, and mathematical
statistics) is recommended, but not required, for all future secondary mathematics
teachers.

The first two recommended courses give students a deeper exposure to
statistical methods. The first course in applied linear regression models gives
students experience in simple and multiple linear regression and an introduction
to the analysis of variance. The second course in the design and analysis of
experiments exposes students to different experimental designs (one-factor,
two-factor, blocking, etc.) and the analysis of data from these experiments. In
both courses, the focus is on data analysis and the appropriate interpretation of
the results in context.

Finally, the connections between statistics and mathematics in this curriculum
(CBMS, 2001) are emphasised through the mathematical statistics course. Unlike
the traditional course, this course at Iowa State is focused on the development of
statistical concepts through both simulation and mathematical proof. The course
content includes a study of the distributions of common sample statistics, the
properties of estimators, and the connections between statistical theory and practice.
Throughout the course, emphasis is placed on data analysis and on the connections
between mathematics and statistics.
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4 Future Work

Taken together, the two required and three recommended courses give future
mathematics teachers a firm foundation in the statistical content in the school
mathematics curriculum. All five courses are taught with an emphasis on conceptual
understanding and data analysis through the use of classroom, laboratory, and
homework activities, statistical software and java applets, real data sets, and student
course projects. While the pedagogy used for these classes will help future
mathematics teachers develop their pedagogical content knowledge in statistics, the
current curriculum is missing a concentrated study of how to teach statistics. Future
plans are to develop two one-credit courses covering pedagogical content
knowledge in statistics in conjunction with the two required courses in introductory
statistics and probability.

5 Conclusions

The curriculum in statistical content for future secondary mathematics teachers at
Iowa State was designed based on recommendations from national committee reports.
The courses in this curriculum are general enough to be easily adapted to other
colleges and universities in the United States. However, implementation requires the
cooperation of mathematics, mathematics education, and statistics faculty (Froelich,
Kliemann, & Thompson, 2008). This cooperation is the first step to providing future
secondary mathematics teachers with appropriate training in statistical content in
order to prepare more effective teachers of statistics in the schools.
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Chapter 6
Future Teachers’ Training in Statistics:
The Situation in Germany

Laura Martignon

Abstract This chapter describes some relevant features of the training in statistics
and probability future mathematics teachers receive in Germany. It also discusses
aspects of the stochastic courses taught in school as well as some of the relevant
textbooks on the subject.

1 Introduction

National school systems differ greatly as to the amount of time allotted to different
areas of mathematics in school. Germany’s educational system, similar to the
educational systems of many other countries (see, for instance, Coutinho, 2008;
Innabi, 2008), had traditionally been reluctant to allot a significant portion of school
hours to data analysis and statistics. During the last decade this has been drastically
changing, and national curricula across all states of the federal republic (Lénder) see
the achievement of competencies in data analysis and statistical reasoning as
mandatory from elementary school to grade 12. A crucial impetus for this change has
been the weak achievements of German school students in international student
assessments such as Programme for International Student Assessment (PISA) on
tasks belonging to the area of “uncertainty”. In fact, 25% of all questions in PISA
2003 dealt with probabilistic or statistical tasks, and the lack of competency of
German students in solving such tasks was a drawback to their overall performance.

Since recent reforms in 2005 that follow the dispositions of the educational
standards (Bildungsstandards, i.e., the adaptations of the National Council of
Teachers of Mathematics Standards (NCTM, 2000) to the German educational
context), school curricula in all states of the federal republic now recommend
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introducing statistical concepts and methods beginning in primary school and
fostering competencies in statistical reasoning through secondary school in all
school types. The emphasis on data analysis and data visualisation is strong in all
states, but only some programmes in a portion of the federal states, for instance
Sachsen-Anhalt, also recommend fostering elementary probabilistic reasoning
during the first school years. A crucial factor that has enhanced the interest of
school teachers in school statistics has been the inclusion of questions testing
statistical competencies in the final central examinations taken by school students
at the end of secondary school. For many years, questions of this type, if any, were
not mandatory but could be selected from an additional pool. Today questions on
data analysis and data visualisation belong not only in the final examination but
also in the biannual central Comparison Exams (Vergleichsarbeiten) for all school
types, which have become mandatory since the inception of the new educational
standards in 2005. This, perhaps more than any other factor, has motivated teachers
to take special extra courses (Lehrerfortbildungen), offered regularly both in
schools and universities by instructors mostly from universities, in order to receive
training in statistical competencies.

2 Training Future Teachers in Statistical Thinking
During Their University Studies

Perhaps even more so than in other mathematical fields, the gap between disciplinary
statistics and school statistics has to be taken seriously into account when preparing
future school teachers of statistics who have to be aware that they will be providing
future citizens with “statistical literacy”. In other words, future citizens need to be
endowed with tools for interpreting statistical information in the media, for dealing
with relative and absolute risks, and for understanding the effect of base rates on
the predictive accuracy of medical tests. This requires assessments of the validity
of features characterising financial investments like risk, liquidity, and time horizon.
It means also understanding data visualisation, as commonly used in newspapers
and brochures, and understanding the meaning of correlations as well as of
conditional probabilities. Such goals had been absent from traditional German
university courses in stochastics that combined descriptive statistics, inferential
statistics, and probability, typically at a very formal theoretical level, with
applications, if any, more in abstract problems rather than in day-to-day decision
making. These courses had been — and, by and large, still are — taught to all
students, regardless of whether they are interested in pursuing a mathematical
career or in becoming future teachers (Lehramtstudenten).

Mathematics educators in Germany are now being heard in their request that
stochastic education be treated with the same intensity as other mathematical areas,
like geometry education or algebra education. For instance in the state of Bavaria,
mathematics educators are planning to include statistical questions in all central
final examinations for future teachers. In several Bavarian cities (like Erlangen,
Regensburg, Miinchen, & Wiirzburg) courses in Educational Aspects of Stochastic
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(Didaktik der Stochastik) have recently been introduced in the regular programmes
of future teachers. In other states the introduction of such courses has been less
uniform, although many universities have reacted with enthusiasm to the spirit of
innovation regarding the preparation of future teachers (of both primary and
secondary schools) in statistics. Some German universities with strong groups of
mathematics educators have introduced regular special seminars for future teachers
on educational problems in stochastics.

3 The Special Situation of the Universities of Education
in Baden-Wiirttemberg

A strong emphasis on statistics training of future teachers is being placed in the six
Universities of Education (Pddagogische Hochschulen) in Baden-Wiirttemberg.
This type of university systematically combines instruction in content knowledge
with instruction in pedagogical content knowledge. For the special case of
mathematics instruction this means that a course, say, on arithmetic is taught in
parallel with a course on the peculiarities of fostering pupils’ understanding of
numbers.

A close look at the situation of practising elementary school teachers shows that
up to now they have seldom had any statistical training at all. The universities of
education are working to improve this situation. One of the forms in which teachers
are recently acquiring both content knowledge and pedagogical content knowledge
in elementary statistics and in basic probability theory is by direct contact with staff
at the universities. This contact happens in different modalities: on the one hand,
students of these universities perform their practical training (Praktikum) in their
schools, and on the other hand, teachers regularly participate in so-called additional
crash courses in specific educational subjects (Lehrerfortbildungen).

The experience at the Universities of Education in Baden-Wiirttemberg is an
example of a successful conjoint action of university staff and teachers. Crash
courses on elementary statistics and probabilities for future teachers of primary
schools are made possible by the openness of teachers. Teachers have, by and large,
been extremely helpful, giving interviews on their reactions to the new statistical
and probabilistic topics in the mathematics curricula and on their personal progress
in implementing this new content. Their frequent comment is that they would need
more time in class for implementing these topics in statistics and probability: it is
important to note, they say, that in spite of all the novelties in the curricula and all
recommendations for early inclusion of statistical (and, to an even lesser degree,
probabilistic) practices, the number of hours devoted to mathematics in school has
remained unaltered. Teachers’ main concern has therefore been that they have to
“steal” hours from the usual mathematical subject matters without impoverishing
children’s knowledge and training in those subject matters. This issue is crucial
because the biennial evaluation tests, centrally organised by the Ministry of
Education, still mainly focus on arithmetic and geometry. The first evaluation tests
at the end of 2007 placed no emphasis on statistical ideas. This will change, as has



36 L. Martignon

recently been announced by the representatives of the Ministry who periodically
visit schools, although it is difficult to imagine statistics becoming preponderant, as
it should become.

4 Textbooks and Software

The introduction of the German version of the software Fathom (Biehler, Hofmann,
Maxara, & Prommel, 2006) has fostered real-life applications of statistics in Germany.
Biehler and his team in Paderborn are now preparing a German version of the
software Tinkerplots (Biehler, 2007). Another important contribution has been the
publication of the book by Biichter and Henn (2007) on Stochastics in the Springer
Series for future teachers (Leharamtstudenten). Eichler and Vogel have written a
book on elements of data analysis and probability dedicated to the first years of
secondary school that will certainly have an impact on statistical education in
Germany (Eichler & Vogel, 2009). The community of mathematics educators who
specialise in Stochastics in the German Society of Mathematics Education (Gesellschaft
fiir die Didaktik der Mathematik, GDM) has played a crucial role in promoting a more
careful treatment of educational issues in stochastics courses for future teachers. In
this regard the periodical Stochastik in der Schule, founded in 1979 and published by
members of this community, should be mentioned because it regularly provides
teachers and students with peer-refereed articles and excellent reviews of books and
materials devoted to educational aspects of statistics and probability in school.
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Chapter 7
An Experience on Training Mathematics
Teachers for Teaching Statistics in Iran

Ahmad Parsian and Ali Rejali

Abstract In order to have a more statistically literate society, the Iranian Statistical
Society, in cooperation with the Iranian Association of Mathematics Teachers’
Societies, convinced the Ministry of Education to include one statistics course in
the national high school curriculum. This chapter discusses some activities of the
Isfahan Mathematics House related to preparing mathematics teachers to teach
statistics in high school. It may provide a model for other countries in their efforts to
improve statistics education and promote statistical literacy among their citizens.

1 Introduction

A large proportion of the general population in Iran does not have a developed
sense of quantitative and statistical reasoning, as seems typical in much of the
world. The teachers and school system do not encourage talented students to
continue their studies in the field of statistics. There is no awareness of the
usefulness of statistical reasoning and methods. With lack of encouragement and
because of their ignorance of the importance of statistics in all walks of life, very
few talented students choose statistics as their field of study at the university, and
very often statistical projects are carried out by nonspecialists.

Attempts by the Iranian Statistical Society (IRSS) to popularise statistical concepts
in Iranian society were not successful, so other organisations were asked to help. A
few statisticians and institutes responded. Some of the activities are listed in the paper
presented at the Joint ICMI/IASE Study Conference (Parsian & Rejali, 2008).
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Some statistical concepts have been taught in Iranian schools for the last
30 years, but they were either taught as a part of mathematics courses with emphasis
only on theoretical aspects or in a statistical methods course in other curricula, such
as social sciences (Parsian & Rejali, 1998). Prior to year 2000, the Ministry of
Education designed a new course in statistics (Rejali, 1997) that is taught to all
students in the second or third year of high school, but the problem of lack of
specialists in statistics in the school system remains. Mathematics teachers still
teach this course without being prepared to do so.

To make the goals of statistics education clear to mathematics teachers who are
teaching statistics, Isfahan Mathematics House (IMH) in cooperation with IRSS
started to prepare mathematics teachers to teach statistics. It was agreed that the
teachers who want to teach statistics should be familiar with statistical concepts and
methods and have some experiences with statistical problems (Larsen, 2006;
Jordan, 2007). They should know the difference between statistical thinking and
statistical methods (Garfield, 2002; Sanchez & Blancarte, 2008), and the difference
between mathematical reasoning and statistical reasoning (Meletiou, 2003; Gattuso
& Ottaviani, this book). They should recognise that teaching statistics without the
involvement of students in various projects does not help students to learn the art
of statistical thinking (Melton, 2004; Kahn, 2005). They have to raise awareness of
the importance of the subject (Gattuso, 2006), and they should believe in the
importance of using statistical software to do real statistical analysis (Connor &
Davies, 2008).

Having agreed on the above constructs, the organisation of lectures and
workshops throughout the country was started, and expository journals accessible
to mathematics teachers published papers on statistical reasoning and statistics
education. In these articles, public lectures and workshops, the usefulness of
statistics was illustrated by explaining real-life examples and discussing the abuse
of statistics and the difference between statistical thinking and statistical methods.
IMH, in cooperation with the IRSS and the Mathematics Teachers’ Society of
Isfahan (MTSI), started an annual team-based statistics competition among high
school students of Isfahan in 2006. Moreover, IMH, with the help of the Iranian
Statistics Research and Training Centre (ISRTC), has developed an electronic site
in Farsi for the popularisation of statistics (www.mathhouse.org).

2 Challenges for the Pre- and In-Service Training
of Teachers

Most of the statistics teachers in schools have a mathematical background but are
unfamiliar with statistical concepts, methods, and reasoning. Many teachers do not
have any feel for data. An attempt to change this situation with some recommendations
was explained in a previous paper (Parsian & Rejali, 2008). Since there was no
proper in-service programme for teachers who teach statistics, many of whom did
not have a background in statistics, IMH developed lecture notes for mathematics
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teachers to help them understand the concepts of statistics and learn methods for
teaching these concepts at the school level. These notes have been distributed to
many mathematics teachers throughout the country.

IMH developed a programme in continuing education for mathematics teachers
who want to teach statistics in schools or are already doing so. This programme was
first developed for mathematics teachers of Isfahan in cooperation with MTSI and
was implemented in the summer of 2004 as a workshop with active involvement of
the participants. During the workshop, the volunteer teachers who took part in the
programme worked in teams. The curriculum for the workshop was developed in
cooperation with teachers and statisticians. After observing the effect of the first
workshop, IMH in cooperation with the IRSS and the Iranian Association of
Mathematics Teachers’ Societies (IAMTS) ran workshops for volunteer mathematics
teachers in eight provinces of Iran in the summer of 2005 and has announced its
readiness to run the workshop at other sites.

3 Follow-Up Observations

A follow-up study in Isfahan province shows some successes in promoting statistics
among Isfahan students as well as teachers. Every year, teams of high school
students present statistical projects at the IMH annual festivals, and high school
students seem interested in enrolling in undergraduate statistics programmes
(pending entrance examination results to justify this improvement). High school
teachers are actively participating in increasing numbers at the statistics education
sessions of the Iranian Mathematical Education Conferences (IMECs). Many
mathematics teachers, who, with little statistical knowledge, preferred to use any
extra time to solve mathematics problems in their statistics classes, today organise
discussions on statistical methods and reasoning. Teachers developed enough
confidence so they now volunteer to coach teams of high school students for the
annual statistics competition. Teachers are also more willing to deliver talks on
statistical concepts and methods and on probability at IMECs and the weekly
colloquiums of IMTS. These observations led the other mathematics teachers’
societies to invite IMH to run workshops in their provinces.

4 Future Plans

To realise the statistical goals for teachers, a complete follow-up study on the
impact of these workshops on teachers should be done by IAMTS; the impact of
the workshop on students and general public should be studied by IMH; new
resources for teachers and students should be published by IRSS; a forum for the
teachers should by developed by IMH to continue their discussions on statistical
teaching methods; teachers should be encouraged to participate in national statistics
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conferences; motivated statistics educators should be trained; and, finally, lessons
from other projects should be studied to expand these efforts to enhance statistics
education in Iran.
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Chapter 8

Reform Efforts in Training Mathematics
Teachers to Teach Statistics: Challenges
and Prospects

Enriqueta Reston and Lisa Grace Bersales

Abstract This chapter describes some reform efforts in the Philippines on
the inservice training of mathematics and statistics teachers. It presents the
Philippine experience as an example of how individuals, government, and private
organisations work together to achieve reforms. In particular, some work developed
through a government-aided project involving elementary mathematics teachers
and the institutional efforts of the Philippine Statistical Association in the inservice
training of statistics teachers throughout the country is described. The challenges
encountered in these reform efforts are examined as a basis for recommendations
towards improving the training and preparation of mathematics teachers to better
succeed in teaching statistics.

1 Introduction

For most countries, the teaching of statistics at the school level is part of the
mathematics curriculum and is therefore managed by mathematics teachers who
frequently lack specific training and preparation in teaching statistics (Batanero,
Godino & Roa, 2004; Arnold, 2008; Giambalvo & Gattuso, 2008). This is
particularly true in the Philippine Educational System comprising 10 years of
elementary and secondary education where mathematics is the basic subject in
which statistical and probability concepts are taught. Based on the Revised Basic
Education Curriculum of the Department of Education (DepEd), data organisation
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and graphical displays are introduced at the elementary level starting in Grade 3,
while probability and averages are introduced in Grade 6. At the secondary level,
the topics include probability and descriptive summary statistics. Only government
science high schools and a few private schools offer statistics as a separate subject,
usually an elective, in the secondary level.

As to preservice preparation of mathematics teachers, the teacher education
curriculum requires only one three-unit statistics course in the Bachelor’s
programme in Education, major in Mathematics (Commission on Higher
Education [CHED], 2004). Thus, individuals, private organisations, and the
government initiate various reform efforts to enrich mathematics teachers’
statistical content knowledge and pedagogical skills. This chapter examines and
analyses two reform efforts directed towards the inservice training of mathematics
teachers at the local and national levels.

2 Local and National Reform Efforts

2.1 A Certificate Programme for Elementary Mathematics
Teachers

One reform effort launched by a local government unit in coordination with the
DepEd was an inservice professional development programme for public school
elementary teachers in Cebu City, Philippines. In 2007, some 200 elementary
mathematics teachers were sent by the Cebu City Government to enroll in a
customised 24-unit Certificate Programme for Elementary Mathematics Teachers
delivered by five selected teacher education institutions in the city. The programme
aimed to enhance elementary mathematics teachers’ content mastery, pedagogical
skills, assessment schemes, mathematics and communication proficiency, use of
technology in teaching, and values (Department of Education, 2007).

Among the eight courses in this programme, Teaching Statistics for Elementary
Math Teachers and Investigatory Approaches in Elementary Math Instruction were
of particular interest to statistics educators. In the first course, teachers’ statistical
content knowledge and pedagogical skills related to teaching basic statistical
concepts were enhanced through formal class discussion, interactions, and
activities. The second course engaged the elementary mathematics teachers in
activities that demonstrated investigatory approaches in teaching mathematics
concepts, including basic statistical concepts within the elementary mathematics
curriculum. The course further required the teachers to conduct an investigatory
project that focused on selected mathematical or statistical concepts taught in the
elementary level. Aside from coursework, teacher educators handling the courses
conducted at least two class observations to monitor and evaluate how the teacher
participants translated what they learned in their coursework into their actual
teaching practices.
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2.2 The Training of Statistics Teachers by the Philippine
Statistical Association

At the national level, reform efforts were made by the Philippine Statistical
Association (PSA) towards more intensive training of statistics teachers. PSA is
the country’s only national professional association in statistics, and its reform
efforts are primarily done in collaboration with two government organisations,
the Philippine Statistical System (PSS) and the Commission on Higher Education
(CHED). The main agency involved in statistical capacity building is the
Statistical Research and Training Center (SRTC), the PSS training and research
arm. Aside from training, SRTC sponsored the writing of reference material that
elementary teachers in various subjects can use to illustrate the use of statistics
(Bersales & Patungan, 1999), a high school textbook for third and fourth year
high school mathematics students (Bersales, 2003), and a tertiary level introductory
statistics book.

The PSA also examined curricular resources for statistics instruction by
conducting a nationwide evaluation of introductory statistics textbooks available
locally. The results were presented at its 2005 annual conference with the theme
“Are We Teaching Statistics Correctly to Our Youth?”. Based on the results, PSA
recommended improvements in (1) the availability and the selection process for
better textbooks and (2) the competency of statistics teachers. In line with the
second recommendation, PSA collaborated with SRTC and conducted a pilot
training of statistics teachers in 2007 (Philippine Statistical Association, 2007).
After a high satisfaction rating by the pilot training participants, in 2008 the PSA
launched a CHED-funded nationwide course for statistics teachers named
PSA-CHED Training Course for College Teachers of Basic Statistics. The course
included topics in probability and probability distributions, sampling distributions,
point and interval estimation, hypothesis testing and basic tests, and correlation and
simple regression, and provided hands-on computer sessions with exercises using
actual data. The course was conducted in 11 different venues nationwide with 298
teacher-participants from 53 colleges and universities. Course evaluation by
participants yielded very positive results with a median score of 4.5 on a scale of
1-5 (Philippine Statistical Association, 2008).

An analysis of these reform efforts revealed that both programmes focused on
strengthening teachers’ content knowledge and pedagogical approaches in
teaching statistics. Further, the development and review of curricular resources
used in teaching statistics were also addressed. However, these two reform efforts
were carried out by independent teacher training programmes at school and
university levels and differed in their emphasis and orientation. The certificate
programme for elementary math teachers was primarily aimed at developing
teachers’ pedagogical content knowledge in teaching statistics within the school
mathematics curriculum, while the training programme for college statistics
teachers was more content-oriented. Further, the teacher educators who taught the
statistics course in the Certificate Programme are college statistics teachers who
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may not have benefited from PSA-CHED Training Course. Thus, there is a need
for coherent instructional design framework for teacher training that addresses
teachers’ professional development needs in more integrated ways.

3 Conclusions and Future Directions

The Philippine experience provides an example of collaboration among government
institutions, professional statistics associations, academic institutions offering
statistics programmes, and teacher education institutions in the professional
development of mathematics-trained teachers of statistics. However, the need for
coherent instructional design framework for teacher training in statistics was also
revealed.

It is important that future actions contribute towards aligning local reform efforts
with the global reform movements in statistics education that shift focus from
procedural knowledge in statistics to conceptual understanding, statistical thinking,
and reasoning. Garfield and Ben-Zvi (2008), for example, described two types of
professional development projects in Israel and in the United States for preparing
knowledgeable and effective teachers of statistics based on six principles of
instructional design described by Cobb and McClain (2004, cited in Garfield &
Ben-Zvi, 2008). The application in the Philippines of similar research-based
instructional frameworks may contribute towards better preparation of teachers.

Further, there is a need for more studies in the Philippines that inform education
policy makers about the state of statistics education at the school level. A suitable
approach might be the use of action research, similar to that described by Arnold
(2008) where a community of learning was established in New Zealand to help
secondary mathematics teachers improve their statistical content knowledge and
pedagogical skills in response to change within the statistics strand of the new 2008
New Zealand school mathematics curriculum.
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Chapter 9
Statistical Training of Central American
Teachers

M. Alejandra Sorto

Abstract The statistical preparation and training of primary and secondary
teachers in two Central American countries, Panama and Costa Rica, are described
and compared. Teachers in both countries that graduate with a college degree
have several courses in statistics, but the purpose of the courses is to prepare the
prospective teachers to do a senior research project and not necessarily to teach the
subject. Primary teachers that graduate from a Normal School in Panama have no
preparation in statistics.

1 Introduction

Central American countries have just recently started the process of developing and
implementing new educational standards, which include, for the first time, the
teaching and learning of statistics in primary and secondary levels of education. As
a consequence, governments in some of these countries are starting to make
important decisions with respect to the preparation of teachers. These decisions are
usually made based on nonempirical evidence due to the lack of human capacity to
carry out educational studies and to the fact that some developing countries do not
participate in international comparison studies like the Third International
Mathematics and Science Study (TIMSS) and Preparatory Teacher Education
Study (PTEDS). However, a recent study (385 primary and secondary teachers)
funded by a Panamanian private sector in collaboration with the Panama and Costa
Rica governments found that Costa Rican teachers had statistically significantly
higher scores than teachers from Panama in all eight items related to statistical
knowledge (Sorto, 2008). About 92% of the Costa Rican teachers could correctly
answer items measuring Grade 3 and Grade 7 content compared to about 73% in
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Panama. Further, about 40% of Costa Rican teachers correctly answered items
measuring statistical knowledge for teaching compared to about 30% in Panama
(Sorto, Marshall, Luschei, & Carnoy, 2009). To better understand these results this
chapter describes and compares the preparation and training of teachers in statistics
in both countries.

2 Teachers’ Education

In comparing teacher preparation between Panama and Costa Rica (see Table 9.1),
several general points can be made. First, all Costa Rican primary teachers (Grades
1-6) have university degrees, while in Panama, primary teachers can opt for a
Normal School degree (which is equivalent to Grades 10-12, with an additional
year of postsecondary training) or a university degree.

The statistical content course varies according to the different institutions that
offer a degree in primary education. Slightly over half of prospective primary
teachers in Panama opt for the Panama Normal School and take the Maestro degree,
which includes no statistics training.

Table 9.1 Comparison of degree type and statistical training

Teacher possible degrees
(and years of

Teaching level university training) Courses with statistical component
Panama Primary school Maestro (1 year) None
Licenciatura (4 years) (a) Descriptive statistics,

(b) Inferential statistics, and

(c) Quantitative research methods
Secondary school Licenciatura (4 years) (a) Statistics,

(b) Probability, and

(c) Quantitative research methods

Costa Rica  Primary school Bachillerato (4 years) (a) Research methods and
(b) Teaching practice
Licenciatura (5 years) (a) Research course,

(b) Quantitative methods I, and
(c) Quantitative methods II
Secondary school Profesorado (3 years) (a) Statistics and probability
Bachillerato (4 years) (a) Statistics and probability,
(b) Inferential statistics, and
(c) Quantitative methods
Licenciatura (5%2years) (a) Statistics and probability,
(b) Inferential statistics,
(¢) Quantitative methods I, and
(d) Quantitative methods I1
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A primary teacher with a 4-year degree (Licenciatura) in Panama receives one
descriptive statistics course, one inferential course, one course in quantitative research
methods, and two mathematics education courses. Costa Rican primary teachers in a
4-year degree programme (Bachillerato) study statistics as part of a classroom
research course, and those who take a 5-year degree programme (Licenciatura) take
two extra quantitative research methods courses. The rationale for the unusual, at
least when compared to the typical United States primary teacher education, amount
of statistics content in both countries is because the degree of Licenciatura, by
definition, requires candidates to submit a research project for which, if a quantitative
method is appropriate, students are expected to use their statistical knowledge.

At the secondary level (Grades 7-11), mathematics specialist teachers in both
countries receive considerable preparation in mathematics and statistics content. In
Panama, secondary teachers attend a 4-year programme (Licenciatura) with two
separate courses, one in statistics (non-calculus—based) and another in probability
(calculus-based). In addition, they take one quantitative method course.

In Costa Rica, there are up to three levels of degrees to train secondary school
teachers depending on the institution of higher education. A 3-year programme
(Profesorado) requires one course in statistics and probability; a 4-year programme
(Bachillerato) requires in addition an inferential statistics course and one quantitative
methods course; a S¥2-year programme (Licenciatura) requires all courses of the
previous level with an additional quantitative methods course. Courses for secondary
teachers are more complete than those for primary school teachers. For example, the
statistics course is calculus-based with a focus on concepts related to mathematical
statistics and probability theory. The inference course focuses on sample techniques,
sampling distributions, hypothesis testing, and linear regression. Educational
research method courses also put an emphasis on quantitative analysis. In their
senior year at the university, prospective secondary teachers are also expected to
complete a research project (7esis de grado) as a requirement for graduation.

An effort to improve the secondary teacher preparation in statistics in Costa
Rica is a research project conducted by scholars in the Department of Mathematics
at the National University of Costa Rica. They have examined the official
curriculum programmes, textbooks, and students’ beliefs about the learning of
statistics at the upper secondary grades (Chaves, 2007). Chaves found that even
though teachers and students believe statistics is important, there is little emphasis
on statistics at the school level primarily due to lack of time and the absence of
statistical content in national assessments. In order to help improve this situation
the Bachillerato and Licenciatura programmes at The National University of
Costa Rica offer an elective senior course on statistics and probability education.
This course includes topics such as current issues and future perspectives,
epistemological foundations, statistical reasoning and learning difficulties,
statistical curricula in the secondary school, and teaching techniques. Many of the
sources listed in the bibliography are from statistics educators from Spain and
Latin America (e.g., Batanero & Godino, 2003).
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3 Teachers’ Professional Development

Both countries provide opportunities for professional development in all content
areas, but the opportunities for Costa Rican teachers appear to be much greater. In
Panama, training opportunities are concentrated during teachers’ vacation time, and
although required, only a small fraction of teachers attend.

In Costa Rica, however, a National Pedagogy Centre (Centro Nacional de
Did4ctica, CENADI) is in charge of the professional development of both primary
and secondary teachers. Costa Rican teachers have opportunities to participate in
extensive professional development both during vacations and the school year. For
these trainings, CENADI contracts public universities and consultants in
mathematics education to offer a series of courses for teachers. While courses held
during teachers’ vacations are voluntary, school year courses are mandatory for
primary teachers who are selected by their directors to improve in certain areas.
Secondary teachers from Costa Rica participate in courses based on their areas of
specialty. Teachers participating in these courses receive a financial incentive.
Finally, the existence of CENADI and the requirement of regional offices to design
and submit a yearly professional development plan make the Costa Rican approach
appear somewhat better coordinated than the approach in Panama. The professional
development in statistics for secondary teachers in Costa Rica is designed and
conducted by mathematics department faculty and focuses on training teachers to
teach statistics in an integrated way. The specific topics for the professional
development are derived from a survey of what the teachers perceive are the most
difficult concepts for the students (M. Martinez, personal communication, January
27, 2010).

4 Conclusion

Costa Rican teachers have more opportunities to study statistics during their teacher
preparation programmes and in their structured professional development activities
than their counterparts in Panama. This could explain the different results on the
survey conducted by Sorto et al. (2009) between teachers from the two countries
with respect to their statistical knowledge. The low scores on statistical knowledge
(about 40% correct for Costa Rican teachers and about 30% correct for Panama)
could be due to the fact that their preparation focuses on learning statistics for
educational research purposes and not necessarily for teaching. Primary teacher
preparation programmes in Panama’s Normal School need to add statistics content
to their curriculum, while secondary teacher preparation programmes, in both
countries, would benefit from offering a statistics education course like the one
offered at the National University of Costa Rica.
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Part 11
Fundamentals for Teaching Statistics

Chris Reading

Statistics is becoming increasingly important to all levels of citizenry, with more
and more data available to inform decision-making. How this data is utilised by
those forming the decisions and those acting on the decisions is necessarily
impacted by the statistical learning experiences made available. The variety of
experiences in the teaching of statistics in countries across the world outlined in
Part I shows that the importance of such teaching is being recognised. Align this
importance with the changing focus in statistics from computation to inference and
a reconceptualisation of the teaching of statistics becomes necessary. This
reconceptualisation must include not just changes to teaching methods but changes
to the fundamentals for teaching statistics.

Conversations in the preparation for the Joint Study are reflected in the
discussion document that shared questions to frame the study. These questions
addressed current problems in the teaching of statistics within school mathematics
specificities such as teacher attitudes, current practices, empowering teachers,
training teachers and building collaborations. The proposed research questions,
organised into Joint Study Topics, provided a landscape for researchers to address
in their conference presentations. As well as the planned topics that were addressed,
what eventuated in these presentations was common underlying themes in relation
to fundamentals that were seen to be impacting generally on statistics education and
thus specifically on the teachers, teaching and teacher education. Some of these
fundamentals, including technology, project work and assessment were the focus of
specific Joint Study Topics but other fundamentals were not obvious in the Joint
Study Conference programme. These fundamentals have been brought together in
the chapters in Part II.

The ideas presented in Part II in relation to these fundamentals are relevant to all
those involved in statistics education but have the potential to have most impact on
the work of those developing curriculum, planning teaching or training teachers.

C. Reading (D<)
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Authors in this part propose certain fundamentals that impact on the way that
statistics is approached: appreciating the different perspectives on statistics that can
be taken as a foundation for teaching statistics (Chap. 10); strengthening the role
that probability plays in the statistics curricula (Chap. 11); and recognising the
differences between mathematical thinking and statistical thinking (Chap. 15).
Authors also give consideration to how these fundamentals can be supported during
teaching: taking a modelling approach for learning statistics (Chap. 12); using
technology to support new approaches to teaching statistics (Chap. 13); using a
project-based approach to better support statistical thinking (Chap. 14); and
revamping assessment approaches to better measure statistical thinking (Chap. 16).

As a guide to a general approach to teaching statistics, Burrill and Biehler (Chap.
10) present four different perspectives that can be taken on the teaching of statistics:
aframework for statistical thinking; statistics as a process different from mathematics;
statistical literacy and stochastics. Teachers are advised to choose a specific
perspective to suit the needs of the context and the learners. Based on four criteria
for deciding whether an idea is fundamental, Burrill and Biehler present seven
statistical ideas that are fundamental to teaching in the mathematics classroom. They
describe the way in which mathematics and statistics approach each of the
fundamental ideas and suggest how each fundamental idea should be taught.

Focusing in particular on probabilistic thinking, Borovcnik (Chap. 11) explains
that probability is a complex concept and is needed to deal with statistics. A
detailed interpretation of probability is provided from different perspectives that
have been taken over time: Laplacian, Frequentist and Subjectivist. Explaining the
present and predicting the future have been critical aspects of life for centuries and
Borovcnik elaborates on how these have been achieved by relying on divination,
causality and creationism. More recently probability has developed as another tool
to aid in this process fuelling the debate of randomness versus divination, causality
and creationism. Thinking probabilistically involves conflict between strategies and
intuition and is unfortunately often neglected in teaching. Various arguments are
provided for challenging those who hold the view that randomness does not exist
and thus probability does not have a role in school curricula. These culminate in
suggestions to support the development of a significant role for probability in the
mathematics curricula.

Continuing the theme of different perspectives on probability, Chaput, Girrard
and Henry (Chap. 12) propose that using a modelling perspective to teach statistics
can achieve a synthesis between approaches. More experimental activities and
more statistical software available in schools have led to choice when introducing
the concept of probability but Chaput, Girrard and Henry warn that students must
still understand the difference between models and reality. They propose a three-
step model for teaching modelling. However, there are difficulties in using models
in statistics when compared to using models in other areas such as geometry. For
example, the learning of statistics begins after naive conceptions have set in while
geometry learning begins earlier; and when learning statistics, models are more
removed from reality, that is, more abstract, than in geometry. Teachers must be
aware that simulations are an artificial reproduction of the theoretical model of a
situation and that there will always remain the problem with justifying to students
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the equivalence of a computer simulation with real random experiments or pseudo-
concrete descriptions.

Impacting critically on the way that both teachers and students approach
statistics is the difference between mathematical and statistical thinking. Gattusso
and Ottaviani (Chap. 15) compare mathematical and statistical thinking but
maintain that despite the differences statistics is currently taught as part of
mathematics. Students need chances to develop statistical thinking and understand
how it is different from mathematical thinking. In fact, there are certain skills that
are utilised in learning statistics that contribute to more effective learning of
mathematics, including: working within contexts; posing good questions; “rerouting”
logic during the analysis process; constructing representations; and communicating
results. Important implications for teaching are provided including the fact that
while students are doing statistics they are also doing mathematics and that
assessment needs to be revamped to include methods of revealing understanding.

With the increasing focus on statistics education MacGillivray and Pereira-
Mendoza (Chap. 14) point out that projects provide an investigative context that
nurtures the learning of statistical thinking. They advocate the use of a practical
framework to demonstrate and learn statistical thinking, namely a data investigative
cycle that incorporates stages: defining problem/planning; collecting data; analysing
data; and interpreting data is proposed based on various other cycles. Samples of
projects are provided and MacGillivray and Pereira-Mendoza maintain that projects
that are suitable for use with students should be used when training pre-service
teachers and in-service teachers so that the teachers will be more likely to use such
projects with their students.

The use of technology can provide strong support in implementing new and
different approaches to teaching statistics, especially the modelling approach, and
Pratt, Davies and Connor (Chap. 13) examine the affordances of technology in
teaching statistics. There are new, interesting and as yet under-utilised ways that
technology can be used to facilitate learning in statistics. These include using large
data sets that were previously unmanageable, and using dynamic digital graphical
representations to aid analysis. Various issues that discourage the use of technology
when teaching statistics are explained. For example, even if a technology-focused
curriculum encourages the use of technology, the assessment regime will ultimately
have a strong impact on whether technology is used in teaching. One aim of teacher
training programmes should be to increase the technological pedagogical content
knowledge (TPCK) of pre-service teachers so that they focus on technology as a
teaching tool and not just on technology as part of course content. Various ideas for
encouraging such an approach are explored.

With the changing focus on what is important in the learning of statistics there
needs to be changes in the way that this learning is assessed. Garfield and Franklin
(Chap. 16) recommend that teachers broaden the way they view assessment by
considering assessment of learning, assessment for learning and assessment as
learning when designing assessment tasks. They propose three foundational pillars
of assessment that should underlay all assessment design: cognition, observation
and interpretation. Principles are provided to assist educators to design statistics
assessment that complies with the requirements of each of these three pillars.
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Recommendations include collaborative activities for assessment and opportunities
for pre-service teachers and in-service teachers to learn how to assess student
learning. Some issues, such as high-stakes tests and the use of technology, that
hinder the broadening of one’s view of assessment are considered.

Those responsible for teaching statistics need to consider the fundamentals
presented in Part II as a foundation for reconceptualising how statistics might be
presented to learners. While it is recognised that changing those very ideas that
underpin one’s teaching is challenging, Part II also presents some supportive
strategies to facilitate such change. With these fundamentals as a backdrop those
involved in statistics education should use the detailed information on teacher
knowledge, teaching and teacher training presented in Parts III and IV to advance
a revolution in the teaching of statistics.



Chapter 10
Fundamental Statistical Ideas in the School
Curriculum and in Training Teachers

Gail Burrill and Rolf Biehler

Abstract This chapter considers several perspectives on approaches to teaching
statistics and summarises some of the literature related to these perspectives, in
particular looking at the relationship between probability and statistics. Adapting
criteria from the literature, each perspective is examined to identify statistical ideas
that seem to be fundamental for understanding and being able to use statistics in the
workplace, in personal lives, and as citizens. The chapter next considers the possible
tensions between mathematics and statistics in the way each discipline approaches
these fundamental ideas and finishes with implications for training teachers.

1 Introduction

Documents such as the Principles and Standards for School Mathematics (National
Council of Teachers of Mathematics [NCTM], 2000), New Zealand Mathematics and
Statistics Curriculum (New Zealand Ministry of Education, 2006), and the National
Standards for Mathematics in Grades 5-10 in Germany (Kultusministerkonferenz,
2004) provide convincing rationales for why statistics is important and are explicit
about the content that should be in school instructional programmes. Many
educators agree on the increasing importance for students to gain competence in
using and interpreting data as part of critical citizenship and the need for statistical
reasoning and sense making in personal decisions, in the workplace, and in
supporting progress in other fields and disciplines (Franklin et al., 2005).
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In general, a vast difference in approaches to the statistics curriculum exists
among different countries, as can be seen by the discussion in the chapters in Part I
of this book (for example, Newton, Dietiker, & Horvath; Opolot & Opyene; Reston
& Bersales). The preparation of teachers to teach statistics also varies widely.
Usually school subjects are aligned with university subjects in teacher training, and
teachers study the respective university subject in some depth. Statistics, however, is
often taught by mathematics teachers who have not had a specific statistics education
themselves.

This chapter looks closely at what statistics educators deem important, from
several perspectives, in describing a set of fundamental ideas in statistics that
should be taught in school mathematics and that every student should know by the
time he or she leaves secondary school. The chapter makes the case that part of this
learning is clarifying the distinction between mathematics and statistics, and
highlights issues related to these fundamental ideas that need to be addressed in
training both beginning and practising teachers to teach statistics.

To establish a base for the work, four perspectives, which represent diverse ways
of thinking about teaching statistics, are described in the next section.

2 Perspectives on Statistics Education

2.1 A Framework for Statistical Thinking

One perspective is provided by Wild and Pfannkuch’s (1999) often quoted framework
that focused on the thought processes involved in solving problems in statistics. The
framework has four dimensions: investigative cycle, interrogative cycle, types of
thinking, and dispositions. Within the types of thinking, those specific to statistics
are recognition of the need for data, transnumeration (changing representations of
data to increase understanding), reasoning with statistical models, consideration of
variation, and integrating statistics and context. The framework was not intended to
illustrate how concepts develop across grade levels.

The Wild and Pfannkuch framework considers variability as the defining
ingredient in statistical reasoning. They quote Snee (1990, p. 118), who defined
statistical thinking as “thought processes, which recognise that variation is all
around us and present in everything we do, all work is a series of interconnected
processes, and identifying, characterising, quantifying, controlling, and reducing
variation provide opportunities for improvement”.

2.2 Statistics as a Process Different from Mathematics

Another perspective that views statistics as a process for dealing with variability in
data is described in the Guidelines for Assessment and Instruction in Statistics
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(GAISE) K-12 Report (Franklin et al., 2005). GAISE is based on two beliefs the
authors claim distinguish statistics from mathematics: the centrality of random
variability or variability in data in statistics as opposed to the deterministic nature
of mathematics, and the role of context; in statistics context provides meaning
whereas in mathematics context provides the opportunity for applications.

The GAISE framework has four components, each formulated in terms of
variability:

* Formulate a question — anticipating variability without which the question is not
statistical;

¢ Collect data — acknowledging variability by designing for differences;

* Analyse data — accounting for variability using distributions; and

* Interpret results — allowing for variability and looking beyond the data.

The conceptual structure of the framework is composed of two dimensions: the
first is described in terms of problem-solving processes, where the key processes
include posing questions, random sampling, designing experiments, comparing
variability among individuals and groups, associating two variables, generalising
from sample to population, and distinguishing between association studies and
experiments.

The second dimension of the framework is comprised of three developmental
levels, reflecting an increasing sophistication in the ability to understand and
operate within each level. The levels are not tied to particular grades; each level
builds on concepts from the lower levels as the depth of sophistication in using
statistical methods is increased. The nature and focus of variability is portrayed in
increasingly complex ways in each of the levels. The first level describes variability
inherent in a context, measurement variability, and induced variability with a focus
on variability within a group. The second level adds sampling variability, an
abstract concept of variability, with a focus on variability between groups and on
covariation. The third level deals with chance variability, and the focus is variability
in model fitting.

2.3 Statistical Literacy

A third perspective is that of statistical literacy, where learners are seen as users
instead of producers of data or statistical results. Schield (1999) defined statistical
literacy as the study of arguments that use statistics as evidence. Watson (1997)
suggested a three-tiered hierarchy that set goals for statistical literacy: the ability to
(1) understand basic statistical terminology, (2) understand it in context, and (3)
question claims made without proper statistical justification. Gal (2002) claimed
that the statistical literacy needs of adults are to be able to (a) interpret and critically
evaluate statistical information, data-related arguments, or stochastic phenomena
that they may encounter in diverse contexts, and, when relevant, (b) discuss their
reactions to statistical information, such as their understanding of the meaning of
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information, their opinions about the implications of this information, or their
concerns regarding the acceptability of given conclusions. This work included the
identification of five necessary components for statistical literacy:

1. Knowing why data are needed and how data can be produced;

2. Having familiarity with basic terms and ideas related to descriptive statistics;

3. Having familiarity with basic terms and ideas related to graphical and tabular
displays;

4. Understanding basic notions of probability;

5. Knowing how statistical conclusions or inferences are reached.

2.4 Stochastics

A fourth perspective is conveyed in the context of “stochastics teaching”, which is
described in Germany as a sub-domain of mathematics comprising probability
and statistics. Heitele (1975) offered a set of fundamental ideas for teaching
stochastics that included probability; sample space; addition and product rules for
probability; independence and compound/conditional probability; equidistribution;
combinatorics; random variable and probability distributions; simulation; sampling;
and the Law of Large Numbers. These were selected as fundamental because among
other things, they (a) are powerful as each helped situate probability as a mathematical
theory; (b) can be taught at different levels in the curriculum, from primary school
to university, and students can progress in formalisation and completeness; and (c)
appear in most random situations. A major difference between the frameworks for
statistics and stochastics is that Heitele does not describe thinking processes but does
describe concepts.

In general, stochastics as a perspective has implications for what is taught in the
sense that probability has not only the role of a servant of statistics but also is the
mathematical branch that models nondeterministic relationships, random
phenomena, and decisions under uncertainty (see Borovcnik, 2006 for a comparison
of stochastics and statistical thinking). The stochastics framework is influential in
Germany and some other European countries.

Each of the above perspectives refers in some way to probability or chance, as
well as statistics. The next section elaborates in more detail on the relationship
between statistics and probability.

3 Connecting Statistics and Probability

Some statistics educators tend to say “not more probability than is needed for
statistics” (e.g., Moore, 1997a). This point of view may be too narrow compared
to those in general education if we take elements of probability literacy into



10 Fundamental Statistical Ideas 61

account (see Borovcnik, this book). What counts is that inference in statistics is
based on probability, and many curricula make a distinction between statistics
without probability (descriptive statistics, exploratory data analysis) and
statistics with probability (inferential statistics). The latter is often taught at
upper levels after probability has been introduced. Both the stochastics and
statistical literacy perspectives identify probability, chance, as central in the
work of statistics. GAISE (Franklin et al., 2005) suggests that probability should
only be emphasised in the ways it is used in statistical thinking.

A fundamental idea in statistical inference is that empirical distributions have to
be interpreted and seen from the perspective of hypothetically assumed theoretical
distributions. But a probability model is more than just a static description
of a probability distribution over a sample space. Probability models signify
“data-generating processes” or data-producing “chance setups” as Hacking (1965)
called them. According to the Law of Large Numbers the theoretical distribution is
fictitiously identical to the empirical one when the sample size equals infinity. Due
to finite sample sizes the theoretical distribution can never be established for
certain, and several models consistent with empirical data may emerge. This
position has two implications.

1. Probability should not be taught “data-free” but with a view towards its role in
statistics. Probability models should be introduced as models to predict real data
from random experiments and how empirical data may randomly differ from the
theoretical distribution even if this distribution is assumed to be true. Schupp
(1982, p. 210) once formulated an allusion to a famous sentence of the philosopher
Kant: “Statistics without probability is blind, and probability without statistics is
empty” [authors’ translation]. Fischbein (1990) and Freudenthal (1961) offered
similar arguments.

2. Data analysis should not be taught completely “model-free” but with a view
towards theoretical distributions and underlying processes.

Inspired by the work in the 1970s with Exploratory Data Analysis (EDA), data
analysis without probability took root at the school level and opened the road for
more genuine data analysis in the classroom without the straightjacket of inferential
statistics (Tukey, 1972). The emergence of EDA supported a view that “data
analysis” without probability is important because looking at data only with a
probability lens may distort the message in the data. Tukey (1972, p. 51) stated ...
“‘data analysis’ instead of ‘statistics’ is a name that allows us to use probability
where it is needed and avoid it where we should”. On the other hand, Tukey
considered inferential statistics as the next step after EDA.

The philosophical differences between EDA and other types of statistics received
little attention (Biehler, 1994). However, the question of how early data and chance
should and can be connected in school has been tabled at curricular discussions.
Some researchers (e.g., Pfannkuch, 2006; Rubin, Hammerman, & Konold, 2006)
argued for the need to develop a sense of informal inference prior to a more formal
approach.
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4 Fundamental Statistical Ideas

Given the above considerations as starting premises, how can ideas fundamental to
developing an understanding of statistics be identified? Any claim about what is
fundamental should be grounded in a rationale for the claim. For example, Heymann
(2003) asserted that main ideas about fundamental mathematical concepts should
allow the relationship between the mathematical and nonmathematical culture to
become perceptible, express universal features in ways that are comprehensible to
students, and describe ideas that are both meaningful for individual mathematical
topics and something other than basic mathematical concepts.

Adapting Heymann’s criteria for fundamental ideas in mathematics and Heitele’s
criteria for fundamental ideas in stochastics, the authors of this chapter suggest that
fundamental concepts in statistics should share some commonality within the
different perceptions or ways of thinking about teaching statistics, be able to
connect the discipline to other experiences in the world and to aspects of culture,
illustrate the structure of the discipline perhaps clarifying specific characteristics
and features important in the discipline, and allow for deepened understanding
across time as students mature in their knowledge of statistics.

Based on the different perspectives on teaching statistics described above and
using these four criteria, the following concepts are suggested (with references to
appropriate chapters in this volume) as fundamental ideas in statistics.

1. Data —including types of data, ways of collecting data, measurement, respecting
that data are numbers with a context (Ridgway, Nicholson, & McCusker, this
book).

2. Variation — identifying and measuring variability to predict, explain, or control
(Sanchez, Borim, & Coutinho, this book). The term “variability” is used for the
general phenomenon of change and “variation” for describing the total effect of
the change.

3. Distribution — including notions of tendencies (Jaccobe & Carvalho, this book)
and spread (Sdnchez, Borim, & Coutinho, this book) that are foundational for
reasoning about statistical variables from empirical distributions, random
variables from theoretical distributions, and summaries in sampling distributions
(Reading & Canada, this book).

4. Representation — graphical or other representations that reveal stories in the data
including the notion of transnumeration (Gonzailez, Espinel, & Ainley, this
book).

5. Association and modelling relations between two variables — nature of the
relationships among statistical variables for categorical and numerical data
(Engel & Sedlmeier, this book) including regression for modelling statistical
associations.

6. Probability models for data-generating processes — modelling hypothetical
structural relationships generated from theory, simulations, or large data set
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approximations, quantifying the variability in data including long-term stability
(Borovcnik, this book; Girard, Chaput, & Henry, this book).

7. Sampling and inference — the relation between samples and the population and
the essence of deciding what to believe from how data are collected to drawing
conclusions with some degree of certainty (Harradine, Batanero, & Rossman,
this book).

Given that these ideas are critical for teachers to know and convey in their
instruction, the next step is to consider how teachers, grounded in mathematical
ways of thinking, will come to understand them.

5 Teaching Fundamental Statistical Ideas
in the Mathematics Classroom

Many statistics educators (Franklin et al., 2005; Rossman, Chance, & Medina, 2006;
Scheaffer, 2006; Gattuso, 2008) contend that mathematics and statistics differ in
their essential defining characteristics: role of context, methods of reasoning,
precision, role of data, and data collection. Because statistics is often taught in the
mathematics classroom, the discussion below suggests some ways within the current
culture of school mathematics in which the two disciplines, statistics and
mathematics, are alike and then points out tensions and differences (see also Gattuso
& Ottaviani, this book).

5.1 Bridging Between Mathematics and Statistics

Opportunities exist within the mathematics curriculum to build bridges to the
fundamental ideas in statistics, in particular with respect to variation, association,
and modelling, and developing informal notions of inference. One such opportunity
exists with the topic bivariate data to expand the concept of mathematical function
to model random dependencies. Batanero, Godino, and Estepa (1998) suggested
that one of the three settings in which judging association is important is scatter
plots (the other two being contingency tables and comparison of samples) and
recommend that association be described in terms of intensity varying from
independence to functional relationships. If an association has been identified
between two or more variables, regression methods can be used to fit different types
of mathematical functions to predict one of the variables (dependent variable) as a
function of the other. The adequacy of a mathematical model for a situation can
bear similar uncertainties to those in statistics. Categorical bivariate data analysis
(gender and participation in athletics, for example) might be related to the
probabilistic notion of independence and possible associations explored.
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5.2 Tensions Between School Mathematical
and Statistical Thinking

Many topics that may on the surface look the same in mathematics and statistics
require very different types of thinking. The following relates tensions as relevant
to each fundamental statistical idea.

1. Data: Data are typically used in mathematics classrooms in the context of
“visualisation of numbers” and the study of functions, but the work rarely reaches
the level of context-related reading between and beyond the data in the sense of
Friel, Curcio, and Bright (2001). Measurement is done with standard magnitudes,
often without regard for error, and little consideration is given to measuring
categorical attributes. Probability is developed from rules, and data enter the
picture as an application of the rules rather than as a way to develop the notions
of probability.

2. Variation: Variation has a different nature in the two disciplines. Mathematics is
often taught in school as being exact and precise. Statistics is about “noise”, that
is, how to measure and control variability. Real data in statistics are contextual,
containing uncertainty and error while data in many school mathematics
classrooms are typically assumed to perfectly fit a mathematical model. The
teaching of functions in particular often undermines statistical concepts, for
instance, when data lie exactly on a function graph.

3. Distribution: Distributions are developed in the context of teaching statistics
only and do not evoke specific tensions with concepts taught in mathematics.

4. Representation: Statistics and mathematics differ in approaches to representations
of data in several ways including the following: most statisticians begin with a
graph; many mathematics students and teachers “crunch numbers” without
paying attention to a visual representation of the data; and while in statistics
different graphs or representations are used to identify different aspects of the
same data (transnumeration), graphs in mathematics are often used in showing
the same relationship in different representations (tables, graphs, and symbols).

5. Association and modelling relations between two variables: Cartesian coordinate
plots are typically used in mathematics classrooms only to draw graphs of
functions and not as scatter plots for bivariate data. As alluded to earlier, the
potential for using mathematical modelling as a bridge between mathematics
and statistics, in particular to bivariate quantitative data analysis, is seldom
exploited; on the contrary, the mathematics educators who do research and
development in mathematical modelling (Blum, Galbraith, Henn, & Niss, 2007)
often pay little attention to statistical aspects, in particular to the central aspects
of data in the process of modelling. Data collection plays no systematic role in
going from a real situation to the mathematical model nor does comparing
mathematical results to empirical data. In such models there is no need for a
statistical lens, for example, to check residuals or think about how the context
might relate to the choice of a model.

6. Probability models for data-generating processes: Drawing random samples
from population data and sample-to-sample variation can be modelled with
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probability models. Moore (1997b) argued that when students study probability
with a formal approach, they will learn formalisms without understanding the
phenomena described by this mathematics. Therefore teaching probability has
to be enriched by broad phenomenological experiences, in which simulation
can play a prominent role. However, this modelling applies only to those
samples “randomly drawn” from a population or from a random allocation and
assignment. This fundamental aspect is often neglected in a typical mathematical
treatment of probability, which then undermines statistical understanding. This
modelling will depend on assumptions, such as independence or equiprobability,
which do not always hold, and are often taken as given and not to be considered
or checked.

7. Sampling and inference: As Freudenthal (1974) pointed out with regard to
sampling: what is important for statistics is sample-to-sample variation and how
this variation decreases as the sample size increases. An intuitive understanding
of this property can prevent students from believing in the law of small numbers,
an unrealistic stability of samples with “small” sample sizes (Tversky &
Kahnemann, 1971). The mathematical approach to proportional reasoning,
however, often undermines the statistical approach for reasoning from samples.
Percentages in mathematics are often applied in simple contexts, where the
reference is set and the units are clear and constant. Careful statistical statements
made about margin of error and confidence intervals are replaced by simplistic
“inferences” from “sample” to “population”, assuming a perfect proportional
relationship. Ignoring uncertainty and variability, sample results are reported in
point estimates rather than interval estimates in many media reports. Preparing
students for statistical thinking requires that discussions in mathematics
classrooms make this difference explicit.

With regard to inference there are the following tensions. In mathematics, deciding
what to believe is straightforward: conclusions follow deductively from definitions
and agreed-on principles. In statistics, reasoning is partly inductive, and conclusions
always uncertain. The degree of faith in a statistical conclusion depends on the
integrity of the entire investigative process, while in mathematics a proof makes
you certain. In statistics, how the data were collected and the role of randomness
determines how you can interpret the results, while in (pure) mathematics, the
reasoning is independent of the data. However, justifying the validity of mathematical
models requires reasoning more akin to statistical reasoning than to reasoning in pure
mathematics.

6 Preparing Teachers to Teach the Fundamental
Statistical Ideas

In nearly all countries, statistics is not a separate school subject but is taught by
teachers of mathematics, and training for teaching statistics occurs, if at all, as a
“catch-up” in the form of professional development for practising teachers
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(Coutinho, 2008; North & Schieber, 2008). Prospective teachers often receive their
mathematics education training in mathematics departments and, consequently, the
education of teachers of statistics at the school level is oriented towards the
scientific discipline of mathematics. Without some direct intervention in their
training, teachers’ “philosophy of mathematics” may create a tension with an
adequate “philosophy of statistics”. Cuoco, Goldenberg, and Mark (1996) described
mathematical habits of mind that included multiple points of view, mix of deduction
and experiment, emphasis on language, and willingness to conjecture, tinker, search
for patterns, guess, and visualise. What are the statistical habits of mind teachers
and students should develop as they grow in their understanding of the fundamental
concepts in statistics? Resources to help think about this question might include the
principles that informed the work of the Quantitative Literacy Series (Scheaffer,
1990; Cobb, 1992; Rossman & Chance, 2004). Possible statistical habits of mind
are listed below:

» Use real data (call attention to variation and noise, pay attention to the source of
the data in deciding what to believe);

* Build intuitions (use simulations to generate sampling distributions, predict
before calculating, ask questions about chance based on data);

» Begin with a graph (investigate associations, analyse different representations of
distributions, emphasise visualisation as a tool for learning about relationships —
both data-driven and mathematical functions);

» Explore alternate representations of data (contrast what can be learned about
shape, centre, and spread of distributions from different representations to
understand relationships and connections among variables);

* Investigate and explore before introducing formulas (use simulations to model
probability distributions, allow students to play with chance events and to
experience variability);

* Use student projects and experiments to engage students in doing statistics
(collect data to investigate questions, consider ways to reduce variability).

The preparation of teachers should not only include the fundamental statistical
ideas described above but should also help teachers move interchangeably between
the two disciplines, conscious of the differences and making links between the two
that enhance student learning in both.

Several questions emerge for the statistics education community: The criteria for
selecting the fundamental statistical ideas were given earlier in Sect. 4. Do the set
of fundamental statistical ideas meet those criteria? Do these ideas give a sense of
the structure and characteristics of statistics? Do these ideas share some commonality
within the different perceptions or ways of thinking about statistics? Do these ideas
connect statistics to other experiences in the world and to aspects of culture? Do
these ideas develop and deepen throughout the school curriculum? Are these
criteria the right criteria? What do we look for and what do we measure as evidence
of progress?

The bottom line, however, is how can we enable those who train teachers to
make visible the fundamental ideas in statistics, given the variations across
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countries in the constraints and conditions in which teachers are prepared? Part IV
in this book is about the challenges and experiences in training teachers to teach
statistics, and can begin to provide a framework to address this crucial challenge.
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Chapter 11
Strengthening the Role of Probability
Within Statistics Curricula

Manfred Borovcnik

Abstract This chapter illustrates probability as a type of thinking, which has its
own existence even without a theoretical study. While such thinking is usually
omitted in teaching, it is deep-rooted. The success of probabilistic models as
compared to other, possibly primitive approaches is difficult to judge. This might
hinder learners in accepting and applying — not to speak of understanding — the
concepts. Probabilistic models seem to resemble scenarios more directly than fit
perfectly to real situations. This runs contrary to current trends to reduce the link
between probability and data to relative frequencies. A wider framework for the
interpretation seems to be required. Consequences of such views on randomness
and probability for teaching statistics are described.

1 Introduction

In this chapter, philosophical and psychological issues related to the understanding
of chance and probability are analysed and implications for teaching statistics are
discussed. The deliberations encompass official and private conceptions. The latter
embed the concepts of randomness and probability in a wider context, which may
account for their peculiar features.

As humans we think about what we could have done better yesterday, and we
also care about what we can do for tomorrow. Like the child in Doris Day’s “Que
sera”, we refuse to accept that “the future is not ours to see”. We look for anyone
who can dismantle the future: astrologists, gurus, and statisticians. Consistently,
any conceptual offer will be judged by the extent to which it contributes to
predicting the future. Hereby, “prediction of the future” comprises predicting the
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unknown, that is, making inference about possible causes, or events in the past; it
also includes inference about an unknown population.

Teaching focuses on the interpretation of probability as relative frequencies, as
seen in curricula worldwide or in a famous discussion by Berry (1997), Albert
(1997), Moore (1997), and Witmer, Short, Lindley, Freedman, and Scheaffer (1997)
in the American Statistician. This approach is easier to understand and more
objective (Moore, 1997). Endeavours centre on the relationship between data and
probability reducing probability to a subsidiary concept, which is replaced by data
analysis of suitable (simulated) data-sets.

Randomness is a reservoir of phenomena, including unpredictability, lack of
patterns, lack of control over outcomes, and fairness. Probability is but one concept
for dealing with randomness; as such it faces competing perceptions. To ignore
private notions and to try to reach sound concepts as soon as possible hardly
convinces learners that their efforts will pay off in the end. Stochastic notions are
also intertwined with philosophical (Hacking, 1990) and psychological (Fischbein,
1975) components, since intuitions play an eminent role in the understanding of
concepts (Kapadia & Borovcenik, 1991).

The philosophical Sect. 2 summarises the foundation of probability and
characterises randomness by three debates: randomness—divination, randomness—
causality, and random evolution—creationism. Section 3, on thinking probabilistically,
elaborates five general features of such thinking. Finally, the educational situation
is reviewed in Sect. 4, leading to arguments for a strong role of probability in
statistics curricula.

2 Philosophy of Probability and Paradigms of Science

The concept of probability has developed only relatively recently and has received
different interpretations that even today are subject to controversy (Batanero,
Henry, & Parzysz, 2005). In this section, philosophical interpretations of randomness
are summarised from the foundations debate and complemented by the concept’s
overlap with three further “dimensions”: divination, causality, and creationism.

2.1 Frequentist and Other Interpretations of Probability

The frequentist interpretation of probability has grown in importance since the
“golden” law of Bernoulli (1713/1987), which described a “theoretical” convergence
of relative frequencies to the underlying probability. However, there are more
officially accepted interpretations; the following are two of the different types of
information for which probability may stand.

* Objectivist information where probability is described by (1) proportions of
(equiprobable) cases, favourable to an event (Laplacian view); or (2) frequencies



11 Probability Within Statistics Curricula 73

of an event in independent identical repetitions of a random experiment
(Frequentist view).

* Subjectivist information (Subjective view) where probability is described by (1)
qualitative knowledge of the event, perhaps of experts (possibly transferred from
similar contexts, or gained by assumptions beyond any scrutiny); or (2) private
degree of confidence in the statement (event).

Since the debates on the foundations between Bayesians (subjectivists) and
objectivists (Barnett, 1973; Hacking, 1990), subjectivist views have found their
way into applications with moderate positions (like Berger, 1993). If frequentist
information is available, it has a priority; if it is missing (or too costly), qualitative
knowledge is used instead.

2.2 Randomness—Divination

Early endeavours to take control of the future were connected to the course of the
sun. Astronomy has been accompanied by astrology, which is connected with fate.
Since the origins of astrology, predicting the future has been connected to devices,
which bear an element of randomness. In Games, Gods and Gambling, David
(1962) discriminated between two aspects of divination: to explore god’s will and
to surrender crucial decisions to god.

In ancient times, randomness was personified by female gods like the Greek Tyche
who changed the course of action with her moods. Fortuna, her Roman counterpart,
is complemented with Tustitia: with sceptre and sword, later with a scarf to blind her
eyes, she is the allegory of justice and fairness. Blindly drawing balls from an urn,
Tustitia was revived to symbolise random samples as fair, when statistics bureaus
justified random sampling to replace complete census (Kiaer, 1899).

2.3 Randomness—Causality

With the Renaissance the causal paradigm emerged from astronomical issues to
explain the present and to predict the future, and probability (with an objective view)
started to emerge as a branch of mathematics. At times chance was connected to deist
determinism (see the following references in Batanero et al., 2005):

1. “It is written up there” (Diderot, 1796/1983, p. 103);

2. “[...] if [...] future would not arrive with certainty, we cannot see how the
supreme Creator could preserve [...] his [...] omnipotence” (Bernoulli,
1713/1987, p. 14); and

3. “Present events are connected with preceding ones by a link based upon the
evident principle that a thing cannot occur without a cause which produces it”.
(Laplace, 1814/1995, p. vi).
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Causal approaches have the advantage that once one recognises the mechanism
of how a specific cause establishes the effect one can predict the future. Laplace
gave the first definition (based on equally probable cases) of probability; yet for him
probability is merely a substitute for ignorance in an otherwise purely deterministic
world. Probability gains a genuine position by the success in thermodynamics in
the nineteenth century when macroscopic causal laws were explained by random
models at the microscopic level. This encouraged theoretical physicists of the
twentieth century to eliminate causality by referring it back to randomness (Styer,
2000). However, the dispute in the foundations is ongoing; recent approaches allow
a deterministic view on quantum mechanics (Diirr, Goldstein, Tumulka, & Zanghi,
2004).

2.4 Random Evolution—Creationism

Another philosophical question is the relationship between randomness and
creationism. If an all-knowing god exists, the question arises as to whether this may
be reconciled with randomness and free will. As randomness means unpredictability
it conflicts with omniscience. If god knows every action of any individual in
advance, how may the individual exert its free will? If no free will exists, no
responsibility can remain with the individual. The debate between Darwin’s
evolutionary theory and creationism is similar to the causality-randomness debate
in physics. Is nature created by a supernatural being or has it evolved solely due to
random effects? Here and there the question can be put within a scientific debate
but has to remain unanswered.

3 Thinking Probabilistically: Competing Intuitions
and Strategies

While mathematicians define thinking probabilistically in terms of adequate use of
probabilistic models, individuals are often faced with the context of situations to be
modelled, which possibly leads them in directions different from standard models.
To characterise thinking probabilistically is a genuine didactical task. Five features
of probabilistic thinking are now elaborated.

3.1 Probability as an Index of Surprise

Randomness may be linked to surprise: more surprising events are usually judged
as less probable. When a coincidence happens like meeting a neighbour during an
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overseas conference one might be surprised. With highly surprising events,
however, individuals are inclined to think about alternative explanations such as
“God’s interference”. Similarly, “rare events” serve as a basis for rejection in
statistical tests.

To consider probability as an index of surprise may explain some well-known
paradoxes. According to the conjunction fallacy (Tversky & Kahneman, 1983),
people wrongly judge the conjunction of two “events” as more probable than each
of the single events. This fallacy will not be elaborated here but serves only to
illustrate matters. An index of surprise might lead wrongly to a higher probability
judgement for the conjunction if it is less surprising to see the two events acting
together than a single event, which might happen if one event seems to strongly
suggest the other one.

3.2 Feedback from Probabilistic Situations is Indirect

Faced with the spinners in Fig. 11.1 — labels representing prizes — one might reason
that it is better to choose the left. However, when playing (a) one loses quite often
with both spinners, and (b) playing only a few times one might well lose all the
games with the left spinner.

Feedback from this activity is indirect and valid only in a series of trials; but
people feel confronted with a one-off situation. So how should one develop intuitive
thought on the merits of measuring success by relative frequencies on the long run?
Even with the “best” choice one is prone to lose when playing only once. The
player is in the same situation as in the divination: Why did /e lose? This prompts
speculation about underlying reasons and might lead to a preference for magical
thinking rather than knowledge.

If selecting the better option were always rewarding, then learning by trial and
error could correct misleading conceptions. However, with random situations such
learning is missing. The concepts are perceived as artificial, as are the possibilities
to measure success. Alternative concepts might also fail; they might, however, have
once proven to be successful. Who could convince such a person that his conception
is wrong? It is remarkable that people tend to return to their previous unaltered
private conceptions when they feel free from the demand to “answer tests”.
Fischbein (1975, 1987) developed the notion of primary (raw) intuitions, which are
present before or develop without formal education, and secondary intuitions,
which emerge from learning:

Conflicts appear also between intuitive interpretations and formal ones (acquired by
instruction). In children, such contradictory interpretations may annihilate the formal
conception. [...] It is recommended that the student should be made aware of his tacit
mental conflicts in order to strengthen the control of the taught conceptual structures over
the primary intuitive ones (1987, p. 205).
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Fig. 11.1 Falk spinners

3.3 The Causal Alternative to Randomness

A causal view of a situation is always an alternative to a probabilistic perception of
it. Especially if conditional probabilities are involved, causal perceptions are
reinforced. If one of two events may be interpreted as cause C and the other as
effect E, two sorts of confusion are conceivable: either the “cause” C is thought to
be independent of the “effect” E, or the conditional probabilities are “reversed’:
P(C|E)=P(E|C). While the first is prompted in time-bound contexts, reversing is
popular in diagnostic contexts. For example, in the experiment of drawing twice —
without replacement — from the “Falk urn” with two white and two black balls,
possible questions (Falk & Konold, 1992) are:

(a) The first marble drawn is white. What is the probability that the second marble
drawn is also white?

(b) The first marble drawn is hidden from you and laid to the side. Then the second
marble drawn is white. What is the probability that the first marble is white?

Causal thinking is deep-seated and time-bound; in (b) people are convinced that
what happened later lacks any relevance for previous events. They equate missing
causal influence to independence and answer 1/2; causal schemes seem to attract
more trust than “anaemic” probabilistic rules; the results were replicated by
Borovcnik and Bentz (1990/2003).

In discussing conditional probabilities P(X|D), Tversky and Kahneman (1980)
distinguished two types of situations: D as a causal event if it is perceived as cause
for X; D as a diagnostic event if X is a possible cause for D. Faced with the causal
information P(+|D)=0.99 of a medical test being positive given that a person has
an illness D, people tend to equate the diagnostic probability P(D|+) to 0.99; of
course, this is much lower depending on the prevalence of the disease (Gigerenzer,
2002). Bayes’ formula enhances the difference between causal and diagnostic
probabilities but it is hard to learn. Moreover, the usual development of statistics
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leads to a violent clash as “prior” probabilities in this formula are genuinely
subjective and thus are beyond any frequency interpretation.

3.4 The Conflict Between Actions and Reflections

Operations and (future) actions are on a different cognitive level from reflections.
To ask a person to give an estimate of an unknown probability elicits different answers
than to ask which of the options to choose if, for example, a bet is offered. This can be
illustrated by the Kahneman and Tversky (1972) example: Which of the two following
sequences of coin tossing is the more probable: (a) HTTHTH, or (b) HHHHTH?
In in-depth interviews, mathematics students — at the level of reflection — recognised
the possibilities as equally likely (Borovenik & Bentz, 1990/2003). But, when they
were offered a bet — at the level of action — they strongly favoured sequel (a), accepting
unfair stakes of up to 2:1 (which amounts to a probability of 2/3).

The conflict between actions and reflections, discussed in Borovenik and Peard
(1996), is connected to the outcome approach of Konold (1989), who explains a
tendency for people to focus on such information from the context of tasks, which
allows a direct choice of an action, while neglecting other information: “This
[outcome approach] can be characterised as involving two general features: (a) the
tendency to predict the outcome of a single trial, and (b) the reliance on causal as
opposed to stochastic explanations of outcome occurrence and variability” (Konold,
1989, p. 65).

3.5 Non-probabilistic Criteria for Decisions

Divination, free will, and self-responsibility act together and underlie the Monty
Hall problem where a prize is hidden behind one of three doors (Gigerenzer, 2002).
The question remains why such a comparatively easy task is disputed so much,
even by mathematicians (vos Savant, n.d.). Why are people so emotionally laden?
Of course, experts understand the solution with Bayes’ formula; yet some still
refute it! Again, here is circumstantial evidence that stochastic concepts are
hierarchically ranked below other concepts. This statement is in accord with
research findings, which show that mathematical competencies of adults “reduce”
to those they develop in the first 6 years of education (Peters, 2008).

Reluctance to accept probabilistic reasoning may be explained by the following
argument: If we stay with our first choice, randomness has given us our part —
divination — fate. ... If we change our choice and reject what fate has attributed to
us, we have to take responsibility if we lose. We are inclined to surrender our own
responsibility to fate — or to randomness. Since ancient times, crucial decisions
have been outsourced to divination. Now the outsourcing in financial markets has
changed to computer programs with poorly understood algorithms.
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4 Implications for Teaching

Implications for teaching include review of some issues from the educational
debate on the role of probability, listing of reasons for a strong role of probability,
and suggestions for addressing probability in teaching.

4.1 The Role of Probability in School Curricula

An investigation among researchers within the didactics of stochastics (Nemetz,
1997) revealed the following reasons for probability vanishing from curricula
internationally: probability is (a) orientated too much towards mathematics; (b) too
tightly connected to games of chance and possibly amoral; and (c) only required to
Jjustify the methods of inferential statistics. Reason (a) may be addressed by using
simulation and interactive animations when teaching probability. Reason (b)
neglects the influence of gambling and games of chance; to clarify and understand
such games is better than trying to ignore them. Essentially, probability concepts
originate from games and insurance enterprises (which are “games”). Reason (c)
ignores probability as a tool to investigate reality (see Sect. 4.2). In fact, inference
is included at high school level in some countries (see Harradine, Batanero, &
Rossman, this book).

4.2  Joint Study Discussion Points About Probability

The ICMI/IASE Joint Study Conference focused on teaching statistics; yet the
presentations in Panel 2 “The Interplay of Probability and Statistics in Teaching and
in Training the Teachers” as well as the presentations of Carranza and Kuzniak
(2008), and Chaput, Girard, and Henry (2008) “invited” the audience to explore an
agenda on probability:

e Crucial issues of a modelling approach and the role of pseudo-concrete
models;

* Problems within a frequentist approach towards probability;

» Disadvantages of approaches based on a reduced interpretation of probability;

* Subjective probability and its potential role within frequentist approaches;

* Relative merits of real applications and artificial situations;

* Features of sampling including real sampling and simulation.

A tentative response to the first point relates also to the other points. Probability
is a complex concept. To facilitate understanding, didacticians focus on models
which (a) embody the theory-like urns, or (b) come as close to the real situation as
possible and that are taken into reality via simulation and attain the status of real
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existence. In both approaches the difference between model and reality collapses;
resulting data is taken as factual, neglecting the circumstance that it is restricted to
the model used (see Chaput et al., 2008 or 2011, this book).

Here, a peculiarity of probability models is worth mentioning: their scenario
character. Even if models miss a perfect fit, some characteristics may be derived
from them for making decisions transparent. The case of taking out an insurance
policy for a car, discussed in Borovcnik (2006) is but one example. While the
frequency interpretation is useful for the company, because it always makes money
in the long run, it is irrelevant for the policy taker, because it is a one-off situation.
Interestingly, there is a solution to this problem without eliciting the person’s exact
subjective probabilities.

In technical systems, another example concerns the reliability of units and
complex systems (Borovcnik, 2006). Two issues make it doubtful whether there
is a link between probability of failure and data. First, data is missing to estimate
the probability; if there is data, they result from accelerated life tests and it is
speculative as to how to transfer to normal conditions. Second, the assumption
of independence between units in systems is unreasonable and there is hardly a
way to check it. Moreover, how does one interpret a risk of 107'>? Beyond doubt,
such a value has more of a figurative character in the sense that it is better than
107°. Such risks lack a frequency interpretation. Despite the clash between
the real situation and the “model”, conclusions about the real situation may
be derived.

4.3 Supporting the Role of Probability in the Curriculum

The following theses are meant to explain probability’s role when opposed by
people who suggest that randomness does not exist. Randomness is a concept that
allows one to think about the world. We have a strong affinity with other kinds of
thinking, which might lead us in directions different from those predesigned by
probability theory. This creates special challenges for teaching.

* Only in rare cases do results from data handling speak for themselves and allow
a clear message without referring to probability.

* The peculiarity of probabilistic thinking in contrast to logical, causal, or mystic
thinking is important. To clarify the abundance of personal thought will help to
build stable intuitions about probability and its potential.

* Clarification of the mutual dependencies between frequentist, Bayesian, and
mathematical conceptions and intuitive thought makes the concept of probability
flexible and robust.

* Basic notions of expected value, risk, and variability rely on sound conceptions
of probability.

* The emergence of probability concepts is embedded in games of chance. This
context helps to anchor mental images in the learners’ cognitive system, which
could serve both as prototypes for modelling and for clarifying intuitions.
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* A restricted notion of probability as frequency in the long run ignores valuable
qualitative sources of information. Moreover, it hinders applications in contexts
of reliability, or risk, and impedes a sound interpretation of methods of inferential
statistics.

» Probability is only one kind of approach to a problem, which might alternatively
be solved by, for example, differential equations. This corroborates the idea that
probability models have more the character of scenarios.

e C(larification and demystification of conditional probability from concurrent
causal ideas is a prerequisite for understanding concepts of inferential statistics
like type I and II errors, or p values.

* Probability enhances the role of random samples for generalising findings from
samples to populations. Moreover, inferential statistical methods are intermingled
with conditional probabilities and a sound understanding thereof.

4.4 Perspectives on Teaching

Following are some arguments for a strong role of probability within stochastic
curricula (a) probability is indispensable for understanding the methods of
inferential statistics; (b) probability offers a type of tool for modelling and/or
“creating” reality; and (c) probability offers a type of thinking, with which one can
reflect on reality. From these arguments one may see that to abandon probability
within the curricula means reducing the repertoire of intellectual possibilities.

The position of probability within mathematics curricula is disputed as
probability seems to be ambiguous and prone to private (and therefore officially
unacceptable) conceptions. Most mathematicians who teach probability strive for a
direct path to “clean” concepts.

* The didactical approach has always challenged such a view as inappropriate. By
learning only mathematics, some misconceptions remain unaltered, as we may
see from studies such as that of Diaz and Batanero (2009).

* Chaput et al. (2008, p. 6) expressed: “The construction of mental images relative
to randomness is delicate”. To meet this problem, they suggested activities of
simulating experiments at earlier stages than now.

* The emotional component of private thought is touched by Garuti, Orlandoni,
and Ricci (2008, p. 5), who explicitly referred to the existing “magic view of
random events”. They suggested “to tame it” by a mixture of classical probability
and real applications.

* Personal intuitions about probability may be classified into objective and subjective
conceptions. This establishes a further source of problems as Carranza and Kuzniak
(2008, p. 3) noted a tendency to avoid subjective views in teaching: “Thus the
concept [...] is truncated: the frequentist definition is the only one approach taught,
while the students are confronted with frequentist and Bayesian problem situations”.
They argued for a duality between the two aspects of probability, to reduce to one
aspect provokes special problems of comprehension on the side of the learners.
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* Yet another source of complexity for learning is the overlap between probabilistic
and deterministic reasoning. Ottaviani (2008, p. 1) referred to Fischbein in
accentuating that probability and statistics belong to a line of thought which is
essentially different from deterministic reasoning and continued to state: “It is
not enough to show random phenomena. To enrich the child’s probabilistic
experience, it is necessary to draw the distinction between what is random and
what is chaos”.

Modelling and simulation are the usual suggestions to cope with the multifaceted
character of probability. The arguments of Carranza and Kuzniak (2008) confirm
that we need wider approaches if teaching is to be successful. Moreover, Girard
(2008, p. 2) remarked that “teaching probability by modelling and simulation is not
easy [...]. The link between statistics and probability is still to be clarified [...]".
Ottaviani (2008, p. 2) considers the need for further research, “as the risk could be
that [statistics and probability] continue not to converge in school and, worse still,
in our learners’ minds”.

Simulation or interactive animations may be used to reduce the need for
mathematical sophistication. Simulation should be accompanied by the idea of a
scenario, a potential counterpart of the real situation, which helps to explore it.
There is a need for a reference concept wider than the frequentist approach. In the
early phases of teaching, the attitude of empirical research contributes to clarifying
the more archaic private conceptions and how formal concepts of probability may
substitute some of our strategies (Lysg, 2008).

The mathematics to continue from there could well be impregnated with
fundamental ideas. The ideas of Heitele (1975) are undisputed as the discussion by
Batanero et al. (2005) showed. A description of the named ideas clearly reveals
their didactic value. Yet, Heitele’s list reads like the contents of a textbook reflecting
the aim to replicate the inner-mathematical structure. An outside perspective
addressing “What purpose do the concepts serve, what other concepts are available
for the task, and what answers do the concepts fail to give?” is Borovcnik (1996),
who centres his “programme” on information as key idea.

Probability is signified by a peculiar kind of thinking, which is not preserved in
its mathematical conception. Concurrent and overlapping modes of thought
interfere with it. This chapter shows that modelling and simulation are only two
steps towards the direction to disclose probability as a cultural phenomenon that
may clear our thought and clarify our expectations when we apply related methods
to problems under “uncertainty”.
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Chapter 12

Frequentist Approach: Modelling
and Simulation in Statistics

and Probability Teaching

Brigitte Chaput, Jean-Claude Girard, and Michel Henry

Abstract In this chapter, a question is posed about the link between two traditional
approaches to the notion of probability, classical (or Laplacian) and frequentist, in
secondary teaching. Different conceptions of probability, objective and subjective,
are considered, some didactical difficulties of the frequentist option are underlined,
and the modelling view point is presented. A critical description of a modelling
process of a random situation for teachers’ training in secondary teaching is proposed
and it is developed for the example of a queue. Finally, the status of simulations on
computers in classrooms is clarified and their didactical relevance is highlighted.

1 Introduction

During the last 30 years, teaching of probability in secondary schools has evolved
considerably in many countries. Traditionally, this teaching was based on the
classical definition of probability that had emerged in the early eighteenth century
and was notably defined by De Moivre (1967/1756, p. 1) in his Doctrine of Chances
(original text):

If we constitute a Fraction whereof the Numerator be the Number of Chances whereby an

Event may happen, and the Denominator the Number of all the Chances whereby it may either
happen or fail, that Fraction will be a proper designation of the Probability of happening.
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At the end of the twentieth century, the development of data analysis, the
evolution of mathematics teaching towards more experimental activities, and
the allocation to primary and secondary schools of computers with statistical
software has led, especially in France, to another fundamental epistemological
choice for the introduction of the notion of probability. This choice is based on
observations of the well-known phenomenon of the stabilisation of the relative
frequencies of an event associated with a random experiment when it is possible to
repeat this experiment a sufficiently large number of times. This “stabilised” value
is then considered as an objective measure of the probability of this event. Some
authors of textbooks propose this approach to give a definition, called “frequentist”,
to probability (Renyi, 1992/1966, p. 25): “We will call probability of an event the
number around which the relative frequency of the considered event fluctuates...”

Thus, the notion of probability can be introduced through these two approaches,
which are not independent of philosophical options, objectivist and subjectivist.
The modelling perspective achieves a synthesis between these two approaches.
Recent didactic studies have led to teaching based on this modelling process using
simulations of models in statistics. Such a choice necessarily involves some
implications for teacher training.

2 The Modelling Perspective to Link the Classical
and Frequentist Approaches in Probability Teaching

The link between the classical and frequentist approaches must be clarified for
secondary teaching (Garuti, Orlandoni, & Ricci, 2008). In the twenty-first century
the French curriculum, like that of other countries, opted for a modelling
perspective: probability is a theoretical value of the degree of confidence that one
can give to a random outcome. This probability can be either worked out a priori or
issued a posteriori from observing its relative frequencies or estimated subjectively.
In this framework, to represent a random drawing of subjects from a population, a
probability distribution of some observable characteristics has the status of an
interpretative model of the data which can come from a real observation of this
population. This perspective concurs with the general process of contemporary
statistical thinking (Wild & Pfannkuch, 1999), which allows the application of
powerful theoretical results in correct mathematical conditions, notably in statistical
inferences or in data analysis.

Such a didactic choice links the classical and frequentist approaches of the
notion of probability. At the same time, it contributes to the learning of a modelling
process. The confrontation between theoretical results obtained from an accurately
constructed model and an experimental reality is important in a scientific process
and must therefore be present in a school curriculum. It is pointed out that in
statistics, more so than in other fields, it is possible to provide the students with
models which are simple enough to be easily understood. Teachers have to ensure
that students make a clear distinction between model and reality.
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Presenting probability with a modelling approach for mathematics teacher
training requires clarification of the modelling process which leads from an
observation of a random situation and its perception, to its description and
comprehension, and finally to its signification, according to the three stages
described for primary teaching by Biembengut (2007).

Finally, from a probabilistic model built to interpret a set of statistical data, powerful
computers available in a classroom can be used to explore the working effects of the
model or to make, for instance, numerous simulations of random samples. But what
pedagogical advantage can we draw from using such simulations?

3 Various Conceptions of Probability

Historically, the notion of probability of a random event is the subject of different
conceptions, objectivist and subjectivist, in a duality for which Hacking (1975, p. 12)
pointed out:

It is notable that the probability that emerged so suddenly is Janus-faced. On the one side it
is statistical, concerning itself with stochastic laws of chance processes. On the other side
it is epistemological, dedicated to assessing reasonable degrees of belief in propositions
quite devoid of statistical background.

The objectivist conception of probability has two main approaches:

* C(lassical or logical, based on physical considerations of symmetries in the
random generator or on similarities in the wording that describe the random
situation, which enables the same probability to be given to such symmetric
cases, while admitting that these symmetries are subjective in nature.

* Frequentist, which considers that the probability is included in the random
experiment itself and appears as a stabilised relative frequency when the same
random experiment is repeated independently in the same conditions, but this
independence cannot be clearly defined in reality and must be subjectively
accepted.

On the other hand, the subjectivist or Bayesian conception of probability
considers that the probability of a random event, or a distribution of probabilities,
is a personal degree of belief a priori put on a random situation, evolving with the
experimental data towards a conditional probability. During the Joint ICMI/IASE
Study Conference in Monterrey, Carranza and Kuzniak (2008) presented the duality
between frequentist and Bayesian approaches in French education.

Thus, the subjectivists of the twentieth century, when developing the Bayesian
methods, declared as De Finetti (1974, preface p. X) claimed in uppercase:
“PROBABILITY DOES NOT EXIST”. As Keynes (1921) had remarked previously,
this statement leads to the fact that the probability of an event depends on the field
of knowledge of the observer and could vary from one person to another. It could
also vary for the same observer acquiring new knowledge, which allows the
modification of this a priori probability by referring to Bayes’ theorem.
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Even if it is not ignored by teachers, the subjective conception of probability is
rarely taken into account in basic probability teaching. However, Albert (2006)
proposed activities based on this conception and gave references for teaching about
the debate between objectivists and subjectivists. Moreover, mathematicians adopt
an axiomatic standpoint defining the probability as a mathematical abstract object
used to model random situations (Batanero, Henry, & Parzysz, 2005). Thus,
probability can be understood either as an intrinsic value in a random experiment,
independent of the observer, or as a subjective value depending on the observer’s
knowledge, or as a theoretical value in an interpretative model.

So, we come to a fundamental didactical question: Can we introduce these
historical and philosophical controversies in the secondary teaching of probability?

4 Which Conception of Probability Should
Be Used for Secondary Teaching?

In the 1990s, the teaching of probability had to take into account the rapidly
growing use of computers in data handling (Biehler, 1991), and statistical thinking
became an object of study that could not be ignored in order to enhance citizenship
education, as stated by the official Reflection on Mathematics Education Committee,
presided over by J. P. Kahane, in its report to the French Ministry of National
Education (2002, p. 53, authors’ translation):

Some statistical concepts ... are useful to understand public debates in every country; then,
statistical language with its proper rules, syntax and semantics has to be learned; the
teaching of statistics is, by nature, associated with the teaching of probability, it is actually
a teaching about randomness.

Understandably, these recommendations link statistics and probability. The
tendency to teach probability through a frequentist approach has grown in many
countries, including France since 1991. This objective conception leads to definitions
like the one given by Alfred (Renyi, 1992/1966, p. 26, authors’ translation): “The
mathematical theory of probability does not deal with subjective judgments; it
relates to objective probabilities that can be measured as physical magnitudes”.

As a result, two different interpretations of the notion of probability are now
presented in secondary teaching:

* A theoretical a priori value corresponding to the idea of chance, computable as
long as one makes an equally likely assumption somewhere; and

* An experimental measurement obtained by the observation of a stabilised
relative frequency when the same random experiment is repeated a large number
of times under the same conditions.

These two interpretations should not be separated if students are to develop a
good understanding of probability, and to be able to apply it in practical situations.
The French choice in secondary teaching is to adopt an objective conception, with
both classical and frequentist approaches inseparable, because focusing on



12 Modelling and Simulation in Statistics and Probability 89

» The classical approach only leads to reduce the understanding of probability to
the counting of elementary events and to the overuse of combinatorics;

» The frequentist approach only, because of its empirical nature, generates didactic
issues like the confusion between the observation of reality (stabilised frequency)
and theoretical knowledge (probability).

In fact, the definition of probability given in some books or curricular guidelines
as a stabilised relative frequency raises serious epistemological problems, because
one can only estimate a value of a probability through empirical frequencies and
cannot take this value for a definition of a mathematical object. In this approach,
reality and mathematics domains are confused.

A meticulous wording of the Law of Large Numbers, even in the simplest form
of Bernoulli’s theorem, presupposes a mathematical definition of probability and
should not be introduced in a context in which model and reality are mixed up.

So, which approach would be the best to use when teaching at the secondary
level? This question is all the more tricky. If a modelling approach is adopted to
teach probability, these different conceptions can be overcome by presenting the
probability of a random event as a theoretical model of a ratio of cases or a
stabilised relative frequency or a degree of belief.

5 A Modelling Approach for Teaching Statistics
and Probability

Through scientific reasoning, the modelling perspective moves the debate
between subjectivists and objectivists back to the choice of the most relevant
probabilistic conception. Probability is then defined in an axiomatic way as a
theoretical object (Steinbring, 1991), ideally quantifying the possibility of a given
event, intuitively estimated, a priori calculated, or experimentally measured in its
practical uses.

The 14th International Commission on Mathematical Instruction Study (Blum,
Galbraith, Henn, & Niss, 2007) reviewed the situation about the use of modelling
and applications in mathematics education.

A presentation of a model accounts for various levels of abstraction and
formalism. First for a didactic purpose, some basic models may be presented in
relation to reality by using everyday words. Then, the objects from reality are
idealised by selecting relevant characteristic properties. In this process, one obtains
what we call pseudo-concrete models. This is the case for the two colours Bernoulli’s
urn model (Henry, 2001a) which can be applied to a population (for example, in
situations of random sampling for polls) in which individuals have one characteristic
in the proportion p. A draw at random of one individual from the population is
represented by a draw of a marble at random from the urn. By definition, this ideal
urn contains marbles “undistinguishable by touch” (as described in some problems),
which implies the implicit hypothesis: an equal probability of all the marbles in a
draw at random.
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Among different types of representations, mathematical language and
mathematical symbolism allow strong descriptions on which general properties and
algorithms can operate. These representations will be called mathematical models.
Below are described three steps in the didactic analysis of teaching a modelling
process: pseudo-concrete model, mathematisation and validation (Henry, 2001a).

5.1 Pseudo-concrete Model and Description of Reality

The first step of a modelling process consists of describing the concrete situation in
usual language and building up an experimental protocol containing a set of
instructions to be followed in order to carry out an experiment and to reproduce it
under the same conditions, if necessary. This description leads to the creation of
hypotheses which are intended to interpret the situation. For instance, if students
use an urn model, then they have to decide that the marbles represent events which
have the same chance of occurring.

Consider the example of a queue. Suppose that the arrival of a customer is
isolated and the frequency of such an event in a given period of time depends
neither on the time chosen for the observation nor on the previous arrivals.
A minimum theoretical knowledge enables the transformation of these empirical
observations into working hypotheses. From a didactic point of view, this stage is
called a contextualisation of previous knowledge. In the queue example, it can be
assumed that the probability of a customer’s arrival in a very short time interval is
quasi-null (rare event), that the arrival of a customer in a given period of time
depends only on its duration (homogeneous phenomenon through time), and that
two arrivals in disjoint intervals are independent (phenomenon without memory).

5.2 Mathematisation and Formalisation

Next comes the second step of the modelling process: translating the working
hypotheses into model hypotheses. Students are required to translate the
pseudo-concrete model into a simplified and mathematical symbolic system, and
to choose the characteristics of the real objects which are idealised in order to
design a relevant probabilistic model. For instance, for the urn model, the discrete
uniform distribution on an abstract set is used to model the situation.

In the queue example, the work hypotheses are interpreted by formal hypotheses:
one supposes that the probability of a customer’s arrival in the time interval
[t, t+At] does not depend on t (homogeneous phenomenon); let P(At) be this
probability, one supposes that P(At)/At tends towards a constant ¢ (the thythm of
the arrivals) when At tends towards O (rare event); for this P, the customers’ arrivals
in two disjoint time intervals are independent events (phenomenon without
memory). These hypotheses lead to a Poisson model for the number of customers
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showing up in a time interval [0, T] and to an exponential distribution for the
duration of the waiting between two customers (Henry, 2001b; Borovcnik, Bentz,
& Kapadia, 1991).

5.3 Validation and Interpretation in the Context

The third, and final, step consists first in translating the mathematical results
according to the previous pseudo-concrete model, then giving them a meaning to
create answers to the original problem in the real world, and then again comparing
these answers with the model hypotheses. Finally, the answers have to be put into
perspective to estimate whether the model was adequate for the real problem. In the
previous example of the queue, one has to check whether the statistical data fit the
Poisson model in a relevant way.

6 Didactic Difficulties Linked to a Modelling Process

The French curriculum of the twenty-first century in statistics and probability
suggests the teaching of probability via modelling. This perspective is similar to the
construction process of the Euclidean model in geometry at compulsory education
level (Henry, 1999; Girard, 2004), because in both cases the starting point is the
observation and the description of real objects. In geometry, more so than in
statistics, it is easy to find modelling activities in real situations that children can
understand. In this case, young children discover real geometric objects, represent
them by geometric drawings (or on computer screens with dynamic geometric
software), then the properties of the objects are progressively drawn out and
idealised, and finally the mathematical objects can be defined as figures. This
conceptual jump generates difficulties for the students who gradually find out about
the scientific process. This modelling process is usual in mathematics education, for
example, the progressive building of different sets of numbers, or equations written
to solve concrete problems in which students have to choose unknown quantities.

Statistics and probability belong to a different context compared to geometry,
and have been treated differently over time. In France, the first difference is that
geometry teaching starts at elementary school and lasts 10 years, while statistics
and probability teaching (unlike in other countries such as United States of
America, United Kingdom, Spain, Brazil, and Australia) starts only at the end of
middle school and in the first 2 years of senior secondary level, when students have
reached the ages of 15-16. Naive conceptions have been settled already in their
minds as the perception of randomness which is not univocal and is linked to many
different beliefs (Kahneman, Slovic, & Tversky, 1982; Lecoutre & Fischbein,
1998). A late introduction of probability in secondary teaching conflicts with these
naive conceptions. So secondary school students often have misconceptions about
probability (Batanero & Sanchez, 2005).
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The second difference, in France, is that most of the geometry problems are
posed and solved in the Euclidean model context. A model is seldom used to treat
practical problems; at best it concerns pseudo-concrete problems and most of the
time the associated modelling is already completely detailed for students. On the
contrary, in almost all statistics and probability applications, the modelling stage
has to be present. Exercises are presented in a concrete packaging and their contexts
are close enough to the learning situations involved to enable the students to
transfer them to usual probability distributions. If the learning period is too short in
time, there is a strong risk that such an approach may not make sense to the students.
In spite of these difficulties, the French curriculum has taken up the modelling
perspective. For example, the official guideline for Grade 11 (16—17-year-olds)
edited by the national French experts group on mathematics school curricula
(Groupe d’Experts sur les Programmes Scolaires) gives this definition (GEPS,
2001, p. 68): “One will make the list of the elementary mathematical properties of
the object ‘distributions of relative frequencies’ and one will define a probability
distribution as a mathematical object which has the same properties”. The following
comment is also provided:

Modelling a random experiment means associating a probability distribution with it.
A frequency is empirical: it is calculated from experimental data, whereas the probability
of an event is a ‘theoretical value’... Thanks to practical examples, students should
understand that modelling means choosing a probability distribution.

7 Simulations of Models in the Teaching of Statistics
and Probability

Modelling is also present in various simulation activities. Simulation is an artificial
reproduction of a theoretical model of the situation (Girard, 2004; Parzysz, 2009),
analysing its behaviour in response to input variations, and eventually planning the
consequences of similar changes within a real context. In the past, when building a
sailing boat a scale model was made some months in advance to follow during the
different building stages and to anticipate any possible failures. Similarly, for
manufacturing an aircraft wind tunnel tests are made on a scale model of a plane.
The training of astronauts and plane pilots makes use of flight simulators that
include theoretical models of foreseeable incidents.

Currently in statistics teaching, computer tools allow, for example, the creation
of numerous sample simulations based on probabilistic models of populations and
the determination of various parameters through a frequentist approach, or the
testing of some theoretical models by comparing their behaviour with the real
observed data.

But the status of a computer simulation in class must be analysed, according to
Mills (2002), and its didactical pertinence must be discussed, according to others
(Burrill, 2002; Zieffler & Garfield, 2007).

In many countries the statistics curriculum for students of different ages
introduces simulations, but the term simulation involves more than what is actually
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required from the students: representing the outcomes of a concrete experiment.
Accepting this restriction does not raise the problem of a subjacent theoretical
model necessary to achieve the task or even reveal the absence of this model in the
students’ minds (Parzysz, 2009). Thus, in simple situations such as throwing dice,
equal probability is implicitly accepted and associated with a uniform discrete
distribution which is supposed to control the random numbers used in the
simulation. However, no theory of what uniform distribution means has previously
been developed with students. In fact, the designing of a simulation requires a
minimal knowledge of probability, particularly about probability distributions, that
students do not actually have.

For example, a set of values of a physical quantity is generally modelled by a
normal distribution, as long as the variations spread around a central value and are
coming from measurement subject to errors or other random causes. The normal
curve is then a model for a histogram of the simulated data.

The question is how to justify to students the equivalence of real random
experiments or pseudo-concrete descriptions with a computer simulation, judiciously
programmed from a theoretical model. The equivalence is ensured by the fact that both
experiments are relative to the same probabilistic model, a concept not yet available to
the students. Another question is how to interpret the sampling fluctuations observed
in the repetition of the simulation. Without answers to these two questions, teachers
are in a difficult didactic situation. This didactic inconsistency is identified in the
French curriculum guideline (GEPS, 2001, p. 72, authors’ translation), which gives
teaching tips for Grade 11: “The respective positions of modelling and simulation will
be briefly clarified: modelling consists of associating a model with experimental data
while simulating consists of producing data from a defined model”.

In modelling, the Law of Large Numbers plays a decisive role. Use of the
computer allows students to work quickly on large statistical series, and thus helps
them to understand this law. Yet, using a computer for its mere power and speed for
the sake of presenting a wide range of new random experiments is not satisfactory.
The didactic interest of simulation lies elsewhere: in the analysis of the random
situation, the design of model hypotheses, and their translation into computer
instructions that are necessary before simulations (Parzysz, 2009).

8 Implications for Teacher Training

As for other mathematical notions, statistics knowledge and probability knowledge
are rooted in everyday life. Modelling is an essential process and the introduction
of basic probabilistic notions raises specific issues as described above. Students
meet a new difficulty when they have to link probabilistic notions to reality. The
probability theory taught in a finite context is very simple but its abstract model
component is not direct, particularly in the somewhat artificial situations presented
in schools. Modelling is a critical stage in the use of the probability theory,
especially in the different statistics applications.

The construction of mental images relative to randomness is delicate. In order to
create these images, it is necessary to present activities in a random context to
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students right from the start of primary school. Later, links between statistics and
probability can be established. As for geometry, the sequence could be observation,
description, model building, reproduction, and representation of random experiments.
The techniques of descriptive statistics are used to analyse and communicate the
results of these experiments. The notions of sampling fluctuation and model could
then be progressively constructed.

Teaching statistics and probability at secondary level still faces various obstacles
(Girard, 2001), which teachers will only be able to overcome through a more
in-depth focus in postgraduate and in-service training. This training should deal
with different approaches to randomness, the epistemological basis of the concept
of probability and current research about didactic questions raised by the
management of modelling and computer simulations in the analysis of statistical
populations in the classroom (Batanero, Burrill, Reading, & Rossman, 2008).
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Chapter 13
The Role of Technology in Teaching
and Learning Statistics

Dave Pratt, Neville Davies, and Doreen Connor

Abstract In this chapter the merits, or otherwise, of using technology in teaching
and learning statistics are considered. The many affordances that technological
advances offer to teachers of statistics and the issues that hinder their widespread
use in classrooms are summarised. When statisticians do statistics they get involved
with far deeper concepts and carry out activities that require a wider range of
cognitive skills compared with just applying techniques. It seems that pedagogic
developments have not kept pace with those in software design, in that the
opportunity to use computers to engage students in the full statistical enquiry cycle
is not being exploited. The authors believe that beginning teachers must be exposed
to such opportunities if they are to appreciate the key role that technology could
have in facilitating the development of students’ understanding of statistics.

1 Introduction

We are all familiar with the increasing importance of technology within all realms
of our existence but what role does technology have in the teaching and learning
of statistics? In responding to this question, this chapter focuses on the potential of
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technology in the teaching and learning of statistics, recognising however that those
potentials are mediated inevitably by many factors, including inter alia software,
tasks and teaching approaches. Harradine (2008) has noted how in the late 1990s
statistical investigations began to incorporate real and large data sets as computers
managed the number crunching. However, he has expressed concern that even now
pedagogy in statistics education appears to have not moved on. This chapter
explores some of the opportunities technology offers teachers of statistics while
remaining alert to the issues surrounding their use. The authors’ emphasis is similar
to that of Goldstein (2003), namely, that it is not good enough to only consider
which technology to use, but that, in order for effective learning to take place, it is
how the technology is integrated into the curriculum and learning process and how
the teacher uses it that are vital. In this chapter, we focus both on the use of
computers themselves and some specific software tools.

2  What Does Technology Offer Teachers of Statistics?

This section discusses the special opportunities for teaching statistics that technology
offers teachers who aim to provide rich learning experiences for their students.
Ben-Zvi (2000) proposed the following categories of software: statistical packages
(tools), microworlds, tutorials, resources (including Internet resources) and teachers’
metatools. The discussion below considers five important affordances for teaching
that might accrue should these categories of software be more widely adopted.

2.1 Using Representations as Dynamic Tools for Analysis

Traditionally, graphs are used to report data, often through displays and presentations.
Exploratory Data Analysis (EDA) encourages deep interaction with data typically
supported by the sort of immediate graphical representation of data that can be
generated by computers. Computers thus enable representations to be used as
analytical tools during an investigation rather than only as presentational tools
at the end of the investigation. When graphs are used to try to make sense of
data during analysis, the representations need to appeal to an intuitive sense
of position, spread and outlying values. One example is the hat plot in Tinkerplots
(www.keypress.com/x5715.xml), designed to appeal to students’ intuitive notion
of a modal clump (Konold et al., 2002). Similarly, Cobb, Gravemeijer, Bowers,
and McClain (1997) developed their mini-tools as part of an intuitive infrastructure
within a learning trajectory for statistical ideas based around the affordance of
computer software to enable dynamic manipulation of images and numerical
data. McClain (2008) reported teacher use of these mini-tools to develop ways of
thinking about distribution.

There are forms of representation that are as yet underdeveloped. For example,
the manipulation of multivariate data might be better supported through digital
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technology. Ridgway, Nicholson, and McCusker (2008) reported on the development
of new web browser tools (www.dur.ac.uk/smart.centre/) for displaying up to six
variables for the easy exploration of complex data sets.

2.2 Expressing Personal Models

Statistical analysis involves the creation and use of models that describe the data
arising from the phenomenon in question. Teachers of statistics might therefore
involve their students in the activity of expressing personal models that attempt to
capture the inherent structure in a situation. In this way, students might embrace the
full cycle of statistical enquiry (discussed in more detail later) through the stages of
reality description and pseudo-concrete model, mathematisation-formalisation and
validation (Henry, Girard, & Chaput, 2008).

Computers offer flexible tools that empower the levels of expressiveness needed
to develop models that fit data. In EDA, students express their own informal models
for the data by searching for trends and patterns in the data, a process often referred
to as expressive modelling (Doerr & Pratt, 2008). New developments in Tinkerplots
promise to provide a graphical probabilistic language to model the generation of
data sets (Konold, Harradine, & Kasak, 2007). Teachers could use the software as
an authoring tool in which they build models for students to explore or as an
expressive tool in which students build their own models of phenomena.

It is only by engaging with models that students might become tuned towards the
uncertainty in the model (Chatfield, 1995). There are opportunities here to compare
the logical necessity of mathematics and the vagaries of statistics. Biehler (2008),
for example, has argued that the automatic graph plotting, now available through
computers and graphing calculators fitted with data logging devices, offers a
natural platform for discussing idealised mathematical functions alongside processes
containing noise as in statistical situations. Early work in this area was done by
Ainley, Pratt, and Nardi (2001), who proposed a pedagogic technique called active
graphing, in which students carried out experiments to generate noisy data.
Comparison between the data arising from the manual data collection and the smooth
mathematical functions arising from digital representations raises the issue for
discussion about the difference between mathematical and statistical data and the
role of mathematical functions as models underpinning data. However, in teaching
statistics we should always bear in mind that, in building models for data, the
insightful comment of Box (1979) that all models are wrong, but some are useful
is highly relevant.

2.3 Exploring Models

There are a number of key statistical concepts with which teachers expect students to
engage. Expressive modelling might provide opportunities for students to appreciate
the utility of those concepts in specific contexts but expressive modelling is
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unpredictable and cannot guarantee engagement with any specific concept. An
alternative is for models to be built into the computer software and used to generate
simulations that can be explored by the student, who might see the real-world
phenomenon through the mathematical model (rather than see the model through
the data). Integrating simulation into teaching can have positive benefits by allowing
students to experiment with data and statistical distributions (Garfield & Ben-Zvi,
2007, 2008; Engel, Sedlmeier, & Worn, 2008). Such approaches are referred to
as exploratory modelling (Doerr & Pratt, 2008). The computational power is
directed towards providing feedback according to the in-built model in response
to the action of the student.

Simulations have been used to help students bridge ambiguous statistical concepts.
Some examples are Engel et al. (2008) on explained and unexplained variation;
Kadijevich, Kool-Voljic, and Lavicza (2008) on sampling distributions; Abrahamson
and Wilensky (2007) on different epistemological perspectives for probability;
Prodromou and Pratt (2006) on determined and stochastic causality; and the Winton
programme for the Public Understanding of Risk (www.understandinguncertainty.org)
on absolute and relative risk.

2.4 Storing and Processing Real Data

Digital technology facilitates the use of large data sets through its capacity for
data storage, easy retrieval and universal availability thanks to the increasing
use of idealised data formats. Data sets enable the analysis of data drawn from
situations that are meaningful to students.

One of the most significant developments for schools in this respect has been
the development of CensusAtSchool (Connor, Davies, & Holmes, 2000; Davies,
Connor, & Spencer, 2003). On the Royal Statistical Society Centre for Statistical
Education (RSSCSE) web site (www.censusatschool.org.uk), there are over 30
databases containing 1.3 million responses of real data, collected from learners in
five countries, available for sampling.

Hall (2008) described her use of CensusAtSchool with elementary teachers. She
noted that although the data sets were powerful, it was equally important to have
available a dynamic statistical analysis software, such as Tinkerplots. Web-based tools
that allow the intuitive graphing of data sets, such as the tools in CensusAtSchool
(www.censusatschool.org.uk/get-data/datatool), are increasing in availability.

Real data sets present issues that are often not present in sanitised data. For
example, difficult numbers, errors in data and missing values are all qualities of
data that might be avoided in carefully prepared situations. At some point in a
student’s education, these issues need to be confronted since they raise important
questions about the limitations, scope and reliability of inferences that can be made,
as well as techniques for handling the problems (for further discussion of using real
data in statistics education, see Hall, this book).
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2.5 Sharing and Communicating

Ben-Zvi (2007) has argued for the creation of statistics courses using a wiki to
promote collaborative learning. He has researched several types of wiki activities:
collaborative writing; glossaries; discussion and review; statistical projects;
self-reflective journals; and assessment. The creation of such resources could be
beneficial to teacher trainees, both for their own learning and for the future benefit
of their students.

Nolan and Temple Lang (2007) showed how a large meaningful data set
(9,000 email messages containing 30 variables for each message) was used to teach
statistical practice in a dynamic document environment. Actions allowed by the live
worksheet include interacting with the data, modifying inputs, changing computations
and exploring a range of analyses. By allowing the electronic document to be
interactive, the authors demonstrated how it could be used to reflect what a statistician
might do in carrying out a statistical investigation. In essence they aimed to provide
a problem-solving environment in which practising statisticians and statistical
researchers work so that educators/teachers could more effectively teach students.

3 Issues Regarding the Use of Technology in Teaching
and Learning Statistics

It is true that technology has changed the way people consume statistics, the speed
and efficiency with which researchers produce statistics and how statisticians do
statistics. We might also expect the power of technology as described above to
change the way people teach statistics and students learn statistics (Chance,
Ben-Zvi, Garfield, & Medina, 2007). Rubin (2007) reflected on experience in using
technology in statistics education between 1992 and 2007 and commented that ...
as amazing and inspiring as these technologies may seem, none of them have any
educational effect without carefully constructed curriculum and talented teaching”
(p- 2). In fact, teaching and learning is such a complex process that the very power
that creates potential for dramatic change comes hand-in-hand with a set of issues
that threaten to curtail the possible development. Five of these issues are elaborated.

3.1 Teachers May Not Prioritise the Use of Technology

In the end, what matters is what students learn but there is little statistics education
research about teachers using such technological tools (Chance et al., 2007).
In practice, teachers have to make decisions about what is appropriate to incorporate
into already-written curricula and have little time to research such matters. They
also have competing demands on classroom time and are forced to prioritise. Placing
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more emphasis on enquiry and investigation, and using new forms of technology
appear, on the face of it, to be time-consuming and so demand a commitment to a
pedagogical approach that many teachers may not share.

3.2 Curriculum Specifications May Not Support
the Use of Technology

Teachers’ priorities might be influenced by curriculum specification. However,
there is much variation in the use of technology between the statistics curricula
that schools follow within and between countries. In Australia, for example, all
curriculum documents include emphasis on the use of technology, but the extent to
which this enables statistical data investigations depends on the assessment regime.
A common technology used in Australia is the graphics calculator, but the flexibility
in the Queensland system is seeing more schools making use of a combination of
computers and graphics calculators than in other states.

3.3 Assessment Methods May Not Encourage
the Use of Technology

Even if the curriculum encourages the use of computers, teachers realise that
examinations may be more important to their students and the students’ parents than
anything else. The actual curriculum as experienced by students will always be driven
by the assessment regime, irrespective of pedagogic guidelines. In many countries
it remains the case that examination boards do not allow the use of technology.
For example, in Queensland, the assessment for senior school is school-based
centrally moderated assessment; it is mandatory in mathematics (including statistics)
to include alternative assessments such as investigations. In contrast, the emphasis
in New South Wales is almost entirely on a final statewide exam and this has
probably contributed to the lack of progress in developing students’ statistical
conceptual understanding. Teachers who consider the use of technology in their
classrooms may be concerned that their students will not develop practices that
transfer to such traditional examination contexts.

3.4 Teachers May Not Re-skill

Experienced teachers may not have benefited from the use of computers in their
own learning. Their own experience of being taught is unlikely to have included the
changes in pedagogy that Chance et al. (2007) have claimed flow from technological
advances, including balancing the role of computers and non-technological
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environments for teaching how to “unlock stories in data” (Pfannkuch, 2008). Garfield
and Ben-Zvi (2007) have supported exposing teachers to innovative software,
such as TinkerPlots and Fathom, to enable them to explore data. The intention is
that exposure during teacher education might motivate teachers to pass their
experience on and engage their students in statistical investigations through using
similar software.

3.5 Technology May Not Be Used to Teach Statistical Concepts
but Instead May Reinforce Emphasis on Computation

Technology as a productivity tool has been concerned with developing faster and
faster ways of processing data to calculate routine and/or sophisticated statistics and,
more recently, with processing very large databases. However, the way statisticians
do statistics also involves planning the investigation, collecting data, processing,
analysing results and drawing appropriate conclusions (Marriott, Davies, & Gibson,
2009; Stuart, 1995). Therefore it is important to stress that, when teaching the
subject, processing and analysing results is just one part of the statistical enquiry
cycle. The way that computers can support an emphasis on modelling as well as on
analysis, as discussed above, could ensure that students do not lose touch with the
statistical thinking necessary to do statistics when they use technology.

4 Challenges for Teacher Education

It has been argued that technology offers a range of affordances that could revolutionise
statistics education but there are reasons why that transformation has not yet
happened and indeed might never happen, except in certain pockets of good
practice. For a number of years, statistics educators have proposed that the way
statistics is taught should be changed (Stuart, 1995; Chance et al., 2007; Marriot
et al., 2009), and that the place to begin is in teacher education.

4.1 Immersing Beginning Teachers in the Use of Technology
Jor Teaching Statistics

Da Ponte (2008) commented on the need for a better vision of how teachers learn.
Studies have reported on the difficulties teachers face due to their own lack of
exposure and knowledge of the best use of technology (Reston & Bersales, 2008)
and yet beginning teachers are often heavily influenced in their teaching by the way
that they themselves were taught (Ball, 1988). When new teachers teach areas in
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which their own conceptual knowledge is weak, they have been shown to revert more
readily to those methods they themselves experienced as a learner (Sedlmeier &
Wassner, 2008). The use of a wide range of technology can present problems for
beginning teachers, who are accustomed to a certain style of instruction (Healy &
Hoyles, 2001). Immersion in the use of technology for statistics education should
therefore be a major feature of any teacher education course. However, teacher
educators should first explore the many ideas being put forward by researchers and
developers (Batanero, Godino, & Roa, 2004).

4.2 How Might Teacher Educationalists Deploy Technology?

Immersion, though, must involve the full statistical enquiry cycle as discussed
above. Using modern software to express and explore models of real data sets,
such as those available through CensusAtSchool, would expose weaknesses in the
beginning teachers’ own statistical knowledge in a non-threatening environment.
Since Lee and Hollebrands (2008) reported that teachers’ decisions about using
computer tools were often based on knowledge gained during their teacher education
courses, it is reasonable to suppose that a modelling approach in teacher education
courses might enable the development of a more sophisticated understanding from
the exposed weaknesses. This immersion in the use of statistics software in teacher
education courses is of vital importance due to the gearing effect on eventual
student learning of statistical ideas and because teacher educators have potential
influence over many students who later become teachers.

4.3 What Might Beginning Teachers Learn About Statistics
Through Using Technology?

The aim of such immersion in teacher education would be to enhance teachers’
technological pedagogical content knowledge (TPCK) (Lee & Hollebrands, 2008),
distinguishing between technology as course content and technology as a teaching
tool (Habre & Grundmeier, 2007). Learning how the special characteristics of
technology might be integrated into teaching to support learning of statistical
concepts can be considered a key aspect of TPCK. Pfannkuch (2008) stated that
teacher educators need both to build teachers’ statistical concepts and to make
teachers aware of how students’ conceptual understanding may develop.

The focus on EDA, supported by technology, can aid beginning teachers
themselves engage with statistical concepts and the whole statistical investigation
cycle, helping them to reach a higher level of conceptual understanding of statistics
before considering how they might use technology in their own teaching, thus also
enabling students to understand statistical concepts.
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5 The Way Forward

The development of technologies, especially in the form of new software tools, will
of course continue and no doubt so will the careful analysis of how their design and
implementation impacts on teaching and learning. Nevertheless, the way forward is
to place emphasis on teacher education so that the affordances of technology,
as identified in Sect. 2 of this chapter, can be understood by teachers, the issues
alerted in Sect. 3 can be shared and avoided, and finally so that the challenges in
the final section above can be met. Research is needed to examine and evaluate
such developments in teacher education and to help understand and measure
the presumed consequent gearing effect that results from the way that teachers
influence many students in their courses.
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Chapter 14
Teaching Statistical Thinking Through
Investigative Projects

Helen MacGillivray and Lionel Pereira-Mendoza

Abstract Projectsinvolvinginvestigations areideal vehicles for studentengagement,
for learning problem-solving in context and for synthesising components of
learning. They are also a natural environment for learning statistical thinking
through experiencing the process of carrying out real statistical data enquiries
from first thoughts, through planning, collecting and exploring data, to reporting
on its features. In addition, they foster collaborative learning, provide learning
opportunities for students of all abilities and educational levels, and can facilitate
rich information for teachers as they assist and observe students’ work. This chapter
considers the benefits of the data investigative process in a project-based approach.

1 Introduction

Statistics and statistical thinking have become increasingly important in a society
that relies more and more on information and demands for evidence. Hence the need
to develop statistical skills and thinking across all levels of education has grown and
is of core importance in a century which will place even greater demands on society
for statistical capabilities throughout industry, government and education.

The past two decades have seen considerable discussion, research and
developments across all levels of education to meet the challenges of facilitating the
learning of statistical thinking and reasoning. These have included data-driven
approaches, more emphasis on data production and the measuring and modelling of
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variability (Moore, 1997), real data and contexts, and generally a more holistic
approach that reflects the practice of statistics. The emphasis in creating environments
for learning has been on active learning, hands-on experience and problem-solving.

Although gathering and interpreting data, and statistical thinking pervade
everyday living, disciplines, workplaces and research, they are remarkably
challenging to learn and teach. Data are inherently messy, and interpretations of
models and analyses, from the very simple to the most complex, require judgement
and understanding dependent on assumptions and context, but avoiding susceptibility
to context “intuitions”. Whether considering development of school curricula and
resources, or pre-service and in-service programmes for teachers, the learning and
teaching of statistical thinking require gradual building up of concepts, understanding
and skills, in a coherent, consistent and cumulative way that engages students in
real contexts and authentic learning experiences. This is an ongoing challenge
requiring cooperation and contributions from statisticians, educators and teachers.

The term “statistical thinking” will be used here with the broad meaning of
making sense of information in which variation and/or uncertainty is present. It is
thus inclusive of chance and data, which should be regarded as intertwining and
interacting elements of statistical thinking. Section 2 outlines some of the
commonalities in frameworks that have been advanced for statistical thinking and
how it is learnt experientially. Some of the shared elements include focus on what
statisticians do in the process of data investigations, and on articulating this. The
statistical investigative process is often described as the data investigative or
enquiry cycle, and this is increasingly emphasised as a vehicle for both statistical
problem-solving and learning statistical thinking. The key elements of the process
and some articulations of it are described in Sect. 2 and the stages of two
articulations provide the structure for Sects. 4-7 in discussing the value of its
explicit use in learning and teaching statistical thinking.

One context in which a description of the data investigative cycle was advanced
was the United Kingdom (UK) National School Curriculum in the mid-1970s.
Holmes (1997) described the introduction and development in the final 2 years of
school study in the UK, of a compulsory project to encourage a more holistic and
practical approach to statistics, reflecting what statisticians do. The project-based
approach is ideal for the statistical investigative process, and Sect. 3 outlines the
approach of learning statistical thinking within the vehicle of the data investigative
cycle. Reference is made to this approach throughout Sects. 4-7. Section 8 provides
a small selection of examples of practical and accessible projects that have proved
of value in engaging students and teachers in developing statistical thinking within
particular stages or in the full process of the investigative cycle.

2 Statistical Thinking and the Data Investigative Cycle

As stated, the term “statistical thinking” is used here in an inclusive and
encompassing sense as envisaged by the analysis of Wild and Pfannkuch (1999).
The framework of their model for statistical thinking is that of empirical enquiry,
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and aims to generalise and synthesise from a combination of the literature and
qualitative research into the approach and thinking of professional statisticians and
statistics students during the process of investigating and solving real, vaguely
described problems. The authors comment that they are “not concerned with
finding some neat encapsulation of statistical thinking” (Wild & Pfannkuch, 1999,
p. 224), nor do they address the full spectrum of statistical thinking. Their focus is
on what professional statisticians do in solving real problems involving the need for
modelling and analysing context information, uncertainty and data. Dimension one
of their model is an articulation of the data investigative cycle.

This is also the focus of Cameron (2009) in a paper written from the viewpoint
of training collaborative research statisticians. Cameron commented on
Chambers’ (1993) description of what statisticians do as ‘“greater” statistics
involving three components: preparing data (including planning, collecting,
organising and validating); analysing data; and presenting information from
data. In adding an initial stage of formulating a problem so that it can be tackled
statistically, and another possible stage of researching the interplay of observation,
experiment and theory to develop new methods, Cameron’s (2009) model of
what professional statisticians do in the practice of statistics is not only consistent
with dimension one (the investigative cycle) of Wild and Pfannkuch’s (1999)
model of statistical thinking, but also reflects dimension two of their model in
the types of thinking fundamental to statistics. These include recognition of the
need for data; changing the representation to assist understanding and problem-
solving; investigating variation; reasoning with statistical models; and incorporating
statistics and context.

Thus an expression describing the data investigative cycle provides a practical
framework for demonstrating and learning statistical thinking. Exact descriptions
of the cycle vary slightly but all share common concepts and structure. Cameron’s
(2009) description was based on descriptions by professional statisticians. Wild
and Pfannkuch’s (1999) description is the Problem, Plan, Data, Analysis,
Conclusion (PPDAC) cycle adapted from MacKay and Oldfield (1994) that
reflects the statistical process (see, for example, Shewhart & Deming, 1986). The
description of the data-handling cycle that featured in the UK National School
Curriculum since at least the mid-1970s (Holmes, 1997) has become the Plan,
Collect, Process, Discuss (PCPD) cycle that is at the heart of the extensive
pedagogies and resources produced by the Royal Statistical Society’s Centre for
Statistical Education (www.rsscse.org.uk/). Marriott, Davies, and Gibson (2009)
included a mapping of the problem-solving approach of the PCPD cycle onto
Bloom’s taxonomy of the cognitive skills of educational objectives as revised by
Anderson and Krathwol (2001). A mapping of the learning objectives of this form
of the cycle onto a two-way classification that combines the cognitive and the
knowledge dimensions of Anderson and Krathwol (2001) is given in www.rsscse.
org.uk/qca/doc/PSAtwowaymap.pdf

Statisticians and statistical educators are increasingly emphasising the
importance in statistical education of including all stages of the investigative cycle,
particularly those that produce data to be investigated — those that involve identifying
the problem or issue, planning the investigation and collecting the data — and the
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stage of interpreting the results of analysis or exploration of the data in context.
That is, the stage described as “analysis” in the PPDAC description, or as
“process” in the PCPD description, should be taught as part of the overall process
of statistical thinking. Such emphasis requires not just real contexts and real data,
but placement of components of learning within an overall framework representing
whole and complex problems needing the full gamut of the knowledge dimension
in statistics of Anderson and Krathwol (2001): factual, conceptual, procedural
and metacognitive.

3 Projects and the Investigative Cycle

Thus statisticians and statistical educators advocate enquiry and investigation
approaches in the development of statistical thinking, and use of the investigative
cycle as a framework. Learning experiences, small or large, can be couched in
terms of investigating real problems with real data, and can be explicitly embedded
in the framework recommended for the development of statistical thinking. That is,
learning experiences can target parts or all of the investigative cycle — the key
pedagogies are emphasis on investigation and identification of the stages of the
investigative cycle in problem-solving.

Holmes (1997) identified and discussed the advantages of projects in statistics
as natural vehicles for the data investigative cycle and holistic experiential learning.
Although the context is senior school, the comments could equally well apply to all
levels of education across and beyond schooling. Projects may vary in size and in
the time allocated to them, but are characterised by incorporating a whole process
from identifying a problem or issue of interest through to presenting a report.
Holmes (1997, p. 156) described a project as a piece of work “that would start with
defining a problem, collecting the appropriate data, analysing the data and drawing
appropriate inferences. All this was to be presented in a written project report of
about 15 pages”. Statistical projects, whether large or small, provide experiential
learning of statistical investigations. Such learning brings together concepts,
knowledge and skills in contexts that can engage and motivate students as well as
teach them about the nuances of statistical thinking, the vagaries of data and the
challenges of communicating interpretations in context.

This also applies within teacher education, and as the use of projects is also
accepted as an integral part of school learning experiences, the use of data
investigation projects is ideal to develop both statistical understanding and
pedagogy for teachers. Associating the statistical investigative cycle with projects
will assist in educating teachers to teach statistics, as the cycle may be used to
capture statistical thinking within a pedagogical framework of active learning
through projects. For example, the PPDAC form of the data investigative cycle is
being used in an ongoing study designed to understand primary school teachers’
experiences as they develop confidence in teaching statistical enquiry (Makar, 2008).
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The projects discussed in Holmes (1997) are free-choice data investigations in
which students identify their topic to be investigated, plan and implement a data
collection strategy to investigate the topic, explore and analyse their data, and
produce a written report. This is often a group project because the task needs a
group at all stages, particularly in free-choice data investigations in identifying the
topic, planning, and collecting the data. The strong sense of ownership also
facilitates teamwork as the project moves through the full process of data handling,
exploration, analysis (if appropriate), interpretation and reporting in context. At all
educational levels, such projects are advocated for experiential learning of the
process of statistical enquiry, because they capture the challenges of turning ideas
and questions into plans for investigation, the practicalities and messiness of data
collection and handling, the essentials of choosing and using statistical tools, and
the synthesis of statistical interpretations in real and authentic contexts. As students
move from primary school through the secondary school levels and beyond, the
same general approach is followed, but the level of statistical sophistication
increases and the level of teacher direction decreases.

A significant impetus for learning is student ownership — of the ideas, the data
and therefore, the analysis (MacGillivray, 1998, 2002; Chance, 2005; Lee, 2005).
If students do not choose the topic to be investigated or if the topic and data are
supplied, then teaching strategies need to address student engagement in the
problem and all the stages of the data investigative cycle. No matter what the size
or restrictions of a learning experience, what makes it a statistical data investigation
is its placement within the process of statistical enquiry. That is, if a learning
experience focuses on part of the data investigation cycle, it is important for
students to understand where it fits and, if possible, at least consider the other
aspects of the cycle relevant to the topic.

Sections 4-7 below consider learning experiences within the stages of the
statistical investigative cycle as discussed in Sect. 2, referring to the descriptions
PPDAC and PCPD of the data investigative cycle, as these are probably the best
known. Section 4 considers the Problem and Plan stages of the PPDAC description
and the Plan stage of the PCPD description. Section 5 considers the Data stage of
PPDAC and the Collect stage of PCPD. Section 6 considers the Analysis stage of
PPDAC and the Process stage of PCPD. Finally, Sect. 7 considers the Conclusion
stage of PPDAC and the Discuss stage of PCPD.

4 Identifying the Problem and Planning

Whether data are to be collected, selected or provided, identification of the problem
or topic to be investigated and the plan for investigation are essential and significant
aspects of statistical thinking and problem-solving (Wild & Pfannkuch, 1999;
Nolan & Lang, 2007) and need much more emphasis than has traditionally been
given. Once a general topic or aspects of a topic are identified for investigation,
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other questions can be asked to assist the planning, irrespective of whether data are
to be collected, selected or provided. These include:

e What do we want to find out about? What can we find out about?

* What can we measure or observe? Can we measure what we want?
* Is there anything else we should observe or record ... just in case?
* Should we do a preliminary experiment?

* How can we collect data that are representative?

Whatever the school level, statistical projects and statistical learning experiences
should involve a number of variables. This provides authenticity in that almost all
real problems are complex and involve — actually or potentially — many variables.
This also provides experience in identifying questions, selecting data and method,
and reporting interpretations in context. Even when illustrating methods involving
just one or two variables, selecting from within a wider context or a more complex
dataset facilitates a more holistic and realistic approach, and therefore more
statistical thinking. This applies across educational levels, particularly as students
mature. Ridgway, McCusker, and Nicholson (2005), MacGillivray (2005), and
Schield (2005) all advocated the value of working within contexts with more than
two variables in developing statistical thinking as students progress. Examples of
problems and datasets that can involve many variables may be found in
CensusAtSchool data (for example, Turner, 2006).

The Problem and Plan stage(s) of the cycle include identifying variables,
identifying the subjects of the study, and considering the practicalities. When
students are familiar with appropriate software, considering what the resultant
spreadsheet of raw data will look like is an excellent aid in planning — if the
spreadsheet cannot be visualised or described, then the planning is not complete.

Whether data are to be collected (primary) or provided (secondary), the Planning
stage must consider the question of representativeness of data. Data can be used to
make inferences about a larger group or a more general situation if the data can be
considered to be representative of that larger group or more general situation with
respect to the question(s) of interest. As students mature and come to consider the
concept of inferring, the challenges of planning data collections to ensure such
representativeness, or identifying the representativeness of secondary data, are
greatly assisted through experiencing the Problem/Plan stage of the cycle. Each type
of statistical investigation — experiment, observational study, survey or a mixture
of types — has its own challenges in planning to achieve data relevant to, and
representative of, the problem.

The thinking involved in considering the topic and its context, what variables to
use, what data to obtain and how to obtain representative data, is profoundly
statistical and incorporates almost all of the types of thinking fundamental to
statistical thinking of dimension two of Wild and Pfannkuch’s (1999) model. It can
be seen why statisticians and statistical educators are emphasising the importance
of inclusion in teaching statistics of these aspects of data investigations.

Progressive development of statistical concepts and methods should gradually
proceed in types of data, and therefore types of variables, as well as number of
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variables to be considered, and complexities of contexts and topics. The simplest
data are categorical, and early learning is of simple categorical variables. A delightful
paper by du Feu (2005) demonstrated how statistical thinking and projects can
commence at an early age with categorical data, and motivate and help develop the
earliest concepts of presentation of data and commenting on features.

5 Collecting the Data

Data can be generated through surveys, experiments, observations, or from
pre-existing datasets such as those available through the Internet and other sources.
Offices of National Statistics may also provide a useful source of data for projects at
all levels, although such data often tend to be in at least some form of summary; for
example, it can be quite difficult to access original data or data on more than two
variables at once. The CensusAtSchool data aim to use students’ interest in data about
themselves to engage them in statistical questions and explorations. The Internet is
arich source of data of interest to older students, and also encourages them to choose
their own topics to explore. Topics of interest include sport, weather, music charts,
movies, as well as more serious topics of social issues relevant to teenagers. Examples
of work involving the analysis of media data can be found in Watson (1997).

The full Collecting the Data stage of the data investigation cycle involves
collection, handling and cleaning of the data. In projects with data either provided
or from secondary sources, these key elements can still be discussed, with the
emphasis on understanding the need for well-collected, representative data. Pilot
studies help in planning collection of good data. For simple projects at primary and
even secondary school, such preliminaries may be as straightforward as trialling
questions with each other, but no matter how simple the project, identifying the
issue to be investigated, and planning the acquisition of, or access to, good data are
essential in learning statistical thinking. In both collecting and preparing data for
exploration or analysis, the representation of the problem and of the variables must
be considered, whether we are dealing with simple or complex categorical variables,
or measurement challenges. Data cleaning and data entry, whether students are
using spreadsheets or summarising data themselves, have many aspects of challenge
and fun. Is there really a student who lives 5 km from school but takes 40 min to
reach school? Is there really a student who estimated 5 s by 3 s but 10 s by 15 s?
We recorded 16 different colours of cars — how should we group them?

6 Analysing and Processing

At the school level, this stage refers mainly to choosing and using data representations
and summaries for data exploration. In many ways, the word “process” of the PCPD
version of the data investigation cycle is more appropriate for school levels, and the
word “analysis” for post-school levels. It is this component that is most closely
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dependent on the student cohort’s level and the details of the curriculum. But at all
levels, this stage involves not only investigating variation but also reasoning with
statistical models and incorporating statistics and context.

Types of data representations, summaries and commenting on features of data
are underpinned by considerations of types and number of variables; these are
essential building blocks of statistical models. Thus there is naturally a gradual
development from categorical to count to continuous, and from single variables to
two variables and more. There is also a need for a gradual development of awareness
of variation, including the important learning development from consideration of
variation within a dataset to variation between groups of data to variation across
datasets from the same or similar situations or contexts. If this is done in association
with simulations — produced and demonstrated by the teacher is sufficient — strong
foundations can be laid in students’ understanding of variation and sampling
variation. Also important is the key concept of representativeness of data with
respect to the questions or topics under investigation.

An emphasis on exploring data through graphical representations includes
development of summary statistics with associated discussion of both the strengths
and weaknesses of single-valued quantities in representing features of data. Early
introduction and ongoing use of words such as ‘“estimate” assist in providing a
lasting foundation for future statistical learning. Data should be linked with chance
at every opportunity, not only to reinforce concepts of estimation but also to assist
in embedding understanding of probability in real and everyday contexts.

7 Interpreting and Discussing

Projects embedded in the data investigative cycle provide a natural environment for
developing both verbal and written communication skills within each stage of the
cycle, and facilitate coherent and gradual development of such skills as students
mature. However, as commented in Forster, Smith, and Wild (2005), there is a need
to systematically teach and develop skills in communicating, particularly in the
Conclusions/Discuss stage of PPDAC and PDPC. Benefits of the integration of
verbal and written communication within statistical projects go beyond specific
development of these skills. Lipson and Kokonis (2005) pointed out that report
writing in statistics is a metacognitive activity that facilitates the learning of
statistical literacy and thinking.

It is also at this stage that students can learn about the nuances and pitfalls of
commenting on variation, and allowing for variation in commenting on features
of data, as well as commenting in context. It is of great importance in developing
statistical thinking to emphasise commenting, interpreting and discussing, and
NOT the definiteness of “answering the question”. There are certainly incorrect
comments and interpretations that can be made, but the focus should be on
appropriate rather than “right” comments. There should also be emphasis on
distinguishing between what the data are telling us and what might be the
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reasons. Interpreting data in context does not mean drawing conclusions based
on contextual intuition.

Wherever possible, the word “estimate” should be used. If syllabi and school
level permit the study of the concept of error of estimate, then it is the concept and
understanding that are vital, not the names or jargon. Introduction of interval
estimates through proportions avoids the messiness and complications inherent in
estimating means. The worst misconceptions in interval estimates for means are
those that interpret the interval as one in which most individual values lie. In
contrast, such misinterpretation is almost impossible in estimating a proportion;
this is just one reason statisticians are increasingly suggesting introducing formal
inference through inference for proportions.

8 Some Examples of Projects

The following three examples, selected from free-choice projects conducted by
students, have proved popular in workshops for teachers conducted in Australia,
South Africa, and New Zealand. They illustrate some of the variety and learning
potential in real and accessible contexts for statistical projects; Sects. 8.1 and 8.2
have been particularly popular for hands-on experience in planning investigations
and trialling data collection, while Sect. 8.3 illustrates connecting chance and data.
The Royal Statistical Society Centre’s ExperimentsAtSchool also provide a
number of well-constructed project activities.

8.1 An Experiment Involving Measurement Choices

Jelly snakes are a confectionery that appeals to the consumer because of its
stretchiness. However, the apparently simple idea of investigating the stretchiness
of jelly snakes can produce a wide range of ideas and designs for experimentation.
Factors can include one or all of colour, brand and temperature, with the latter
lending itself to linking with science discussion. But the most challenging aspect
that leads to the greatest variation in ideas and some very interesting planning
discussions is the question of how to measure the stretchiness, and what measures
of the unstretched snake to include in the investigation. Some examples of
suggestions of how to measure the stretch have arisen from students and from
teachers, including: stretch to break and record length at breaking; stretch to a
selected length, let go and measure length to which snake returns; stretch at
constant speed; stretch vertically; and remove head of snake and stretch remainder.
This is an example of a topic for investigation that can be made as simple or as
complicated as desired. Because of its appeal and potential for diversity in approach,
Conker Statistics (www.conkerstatistics.co.uk) have chosen it as an activity for the
development of resources.
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Table 14.1 Numbers of commuters at a bus station
Off peak Down Up Total Peak Down Up Total

Lift 35 62 97 Lift 148 16 164
Stairs 26 23 49 Stairs 592 8 600
Total 61 85 146 Total 740 24 764

8.2 A Survey that Involves Human Characteristics

Human characteristics are always a fascinating topic for students. Surveys are popular
choices in free-choice projects but the design of questions is usually far harder than
it first appears. An example of a survey without question design problems and which
can also include experimental design aspects is investigating how people clasp their
hands. Some reports say people tend to place the left thumb on top (see, for example,
http://humangenetics.suite101.com/article.cfm/dominant_human_genetic_traits). Is
it related to how people fold their arms? Because the data are categorical, a reasonable
amount of data is required for meaningful discussion based on plots and tables, but
the data are also quick to collect. One such investigation (MacGillivray, 2007) found
that key aspects included the importance of a pilot study and the randomisation of
the order in which subjects were asked to do the clasping and folding.

8.3 An Observational Investigation that Links with Chance

Many aspects of human behaviour provide categorical data, and relationships can
be explored through two-way tables and side-by-side or segmented bar charts.
These also lead naturally to estimating conditional probabilities without the need
for any theoretical concepts or jargon. Table 14.1 shows data from an observational
study of the use of stairs or lifts at a bus station during a peak period and an
off-peak period.

The probability that a person going up uses the lift can be estimated by
62/85=0.73 during off-peak times, and 16/24=0.67 during peak periods. The
probability that a person using the lift is going up can be estimated by 62/97=0.64
during off-peak periods, and by 16/164=0.1 during peak periods. These and other
estimates lead to a wealth of discussion, and key questions about the context and the
data collection methods — questions that are core to the data investigation cycle.

9 Conclusion

Statistics is a very challenging area to teach. In addition, many teachers have
limited statistical content knowledge as well as little, if no, exposure to any specific
pedagogy related to the teaching of statistics. While one can hope that this situation
might change over time, the question facing statistics educators is how to educate
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teachers to be effective teachers of statistics. The word educate, rather than train, is
used because to be effective, teachers need to learn about the appropriate pedagogy
as well as update their knowledge and understanding. Governments should work
towards a significant increase in the number of teachers specifically educated to
teach statistics but this requires time and planning to achieve. The authors make the
following specific recommendations:

1. Statistical projects should be included in the mathematics education components
of both pre-service and in-service teacher education programmes. This is feasible
since the development and discussion of projects is already an integral part of
most mathematics education teacher training.

2. The statistical projects used should emphasise the data investigative cycle as a
vehicle to teach statistical thinking and to develop teachers’ own statistical
understanding and knowledge. The PCPD or PPDAC description can provide a
framework. Burgess (2008) demonstrated how teachers’ statistical knowledge for
teaching statistics could be usefully benchmarked using the PPDAC framework.

3. The projects used as part of both pre-service and in-service teacher education
should, wherever possible, be projects that can be adapted to school use. Many
statistical questions can be approached at different levels of sophistication. By using
projects that can be used with their students it is more likely that the pre-service and
in-service teachers will utilise the materials and ideas in their teaching.

4. Teachers need to undergo the same learning experiences as their students
(Burgess, 2008; Pfannkuch, 2008), and teachers of teachers may also need to be
trained in substantive statistical content and pedagogical knowledge.

More research should be undertaken into frameworks that will help to structure
the teacher “learning” of statistics. Very little is known about effective mechanisms.
Much of the research thus far has been on the nature of statistical understanding and
thinking; a focus on effective pedagogy in the statistical education of teachers, per
se, is a key area of what needs to be undertaken.
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Chapter 15
Complementing Mathematical Thinking
and Statistical Thinking in School Mathematics

Linda Gattuso and Maria Gabriella Ottaviani

Abstract The introduction of statistics into school curriculum within the
mathematics subject poses multifaceted problems to mathematics teachers. This
chapter first discusses the relevance of developing mathematical and statistical
literacy in schools, and secondly reflects on some current recommendations to
teach statistics in the school mathematics and challenges faced in the training
of teachers. Then the chapter underlines differences between mathematical and
statistical thinking and suggests that, taking account of their specificities, it is
possible to generate teaching strategies that allow the harmonious development of
both mathematical and statistical thinking in school. Some implications for teacher
training are finally included.

1 Introduction

In the last few decades of the twentieth century unprecedented innovation in society
and, in particular, globalisation catalysed by modern telecommunications did
justify a new perceived complexity of reality, enhancing “the central importance of
mathematics and its applications in today’s world with regard to science, technology,
communications, economics and numerous other fields” (United Nations
Educational, Scientific and Cultural Organisation [UNESCO], 1997). The basic
aim of mathematics in this changing society had already been formulated, in the
United States of America, within the National Council of Teachers of Mathematics
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(NCTM) Standards (1989), where the concept of “mathematical power” was
presented as the notion of empowering the students to be able to apply their
mathematical knowledge, concepts, and ability in problem solving, communication
and reasoning.

In 2001, “use mathematics to solve problems and communicate” (Stein, 2001,
p- 17) was listed as one of the 16 Equipped for the Future (EFF) standards needed
by adults to effectively carry out their different roles in society. The use of
knowledge in concrete situations — where the active participation of individuals is
required — stresses the concept of “competence”. For mathematics the curriculum
shift from content topics to competences has many consequences from the
pedagogical point of view both for teachers and for students, and implies a new
teaching/learning style relying particularly on problem-posing and problem-solving
teaching methods. In particular, giving evidence of workplace needs, Steen (2003)
regarded mathematical thinking as “an essential component of virtually every
competency. Reasoning, making decisions, solving problems, managing resources,
interpreting information, understanding systems, applying technology — all these
and more build on quantitative and mathematical acumen” (p. 56). When the
information to be dealt with is quantitative in nature and keen quantitative
discernment is required, statistics and statistical thinking play an important role in
the mathematical curriculum.

This chapter aims to emphasise the necessity of complementing statistical
thinking and mathematical thinking in school and generating didactic strategies
allowing statistics and mathematics to evolve together, in a harmonious way.

2 Why Statistics is Taught in School Mathematics

To be part of a modern society in a competent and critical way requires citizens to
know and to interpret collective/social phenomena in a broad sense, and understand
the variability, dispersion, and heterogeneity which cause uncertainty in interpreting,
in making decisions, and in facing risks. To pose and solve problems in everyday
life may require data collection and the ability to analyse the data in order to get
information to be interpreted and used in suitable ways.

However, in reality citizens will seldom have the opportunity to control all
stages of the statistical process of inquiry, particularly when they have at their
disposal only data collected, organised and interpreted by others to address others’
aims. In this case, statistical competences and thinking become more and more
important as they encourage caution before using those data in a superficial way.
That is why modern citizens require both basic knowledge of statistics and
statistical concepts, and also statistical thinking.

The role of data, statistics and probability in school curriculum has been
recognised in the Organisation for Economic Co-operation and Development
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(OECD) study titled Programme for International Student Assessment (PISA).
Mathematical literacy is one of the three domains assessed by PISA in order to
measure how well young adults, at the age of 15, are prepared to meet the challenges
of today’s knowledge society. According to the project:
Mathematical literacy is an individual’s capacity to identify and understand the role that
mathematics plays in the world, to make well-founded judgements and to use and engage

with mathematics in ways that meet the needs of that individual’s life as a constructive,
concerned and reflective citizen. (OECD, 2006, p. 72)

For PISA assessment purposes the mathematical content that a person might
utilise in solving a problem has been organised by four overarching ideas:
space and shape, change and relationships, quantity and uncertainty (OECD,
2006). The three first ideas form the heart of any mathematics curriculum, but it is
not the same for the fourth. The recognition from OECD that dealing with
uncertainty is essential in everyday life is obviously of primary importance in
promoting the teaching of statistics and elements of probability theory in school
mathematics.

3 Teaching Statistics in the Mathematics Classroom

Statistics is appearing more and more in school curricula; in some countries,
statistics has recently even entered the curricula of elementary schools. The
situation in various countries is described in the first chapter of this book. Statistics
in schools is linked to mathematics so mathematics teachers are responsible for its
implementation.

Curriculum developers suggest a data-oriented approach to teaching statistics
(Moore, 1997; Burrill & Camden, 2005) where students should formulate research
questions; design investigations; collect data using observations, surveys, and
experiments; describe and compare data sets; and propose and justify conclusions
and predictions based on data.

The GAISE project, for example, has developed useful guidelines for statistics
education (Franklin et al., 2005). However, as discussed in the Joint ICMI/IASE
Study Conference (Batanero, Burrill, Reading & Rossman, 2008), these
recommendations are seldom followed and doing statistics too often becomes
synonymous with doing computations and following protocols. Consequently,
students finishing high school understand very little statistics and are usually unable
to utilise it in a critical way.

The problem is that the teachers generally have no preparation for teaching
statistics, little knowledge about statistics and almost never any training in statistics
education. They need a framework for understanding statistics, so that they can
understand where their students are coming from and where they are going
(Ottaviani, Peck, Pfannkuch, & Rossman, 2005). Although there has been a lot of
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progress in the implementation of statistics in the school curriculum, statistics
education for future teachers is almost non-existent.

The situation is serious for elementary teachers who have little or no
experience in this field, and often demonstrate little interest in mathematics
although they have to teach it. The situation is not much better for secondary
teachers. Their mathematical knowledge is more important but in some ways,
particularly if mathematics is seen in a formalistic view, this may even hinder
their grasp of statistics. Most trainee secondary teachers will follow a course
in statistics but very few teacher training programmes include the didactic
of statistics. In fact, mathematic educators often casually admit their lack of
qualification in the subject.

In addition to gaps in teachers’ statistical knowledge, negative attitude and
beliefs towards statistics complicate the situation. “Negative attitudes are linked
to perceived difficulty, lack of knowledge and overly formal learning experience”
(Estrada & Batanero, 2008, p. 5). Meletiou (2003) argued that beliefs about
the nature of mathematics affect instructional approaches and curricula in statistics,
and act as a barrier to the kind of instruction that would provide students with
the skills necessary to recognise and intelligently deal with uncertainty and
variability. Although the teaching of mathematics has undergone many changes
and proposes a constructivist approach, long-held beliefs and attitudes of
teachers are difficult to change. Statistical concepts linked to context should be
approached as social constructs, following the way suggested by the data-oriented
approach. In reality, concepts are too often presented to students without any
links to the real-world context or at the most within artificial examples and
using a traditional and procedural approach that in many cases meet students’
and parents’ expectations.

Obviously, knowing the theory of statistics is not enough to teach it. Teachers
must have the opportunity to develop their own statistical thinking. The education
of pre-service and in-service teachers has to be taken seriously. According to
Batanero (2008), initial and continuing teacher training courses for mathematics
teachers need to be redesigned completely. Future teachers must experience the
same activities proposed for students and experience the same difficulties, but
obviously teacher knowledge needs to be broader and deeper than that of the
students they are teaching. In fact, many teachers have no experience with dat