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Probability and statistics have a special place in the field of mathematics. They are
often considered as sub-disciplines, or in the case of statistics, even as a discipline
in its own right. Indeed, statistics is a science related to the political, social and
economic history of a country, which explains why there are strong cultural dif-
ferences in teaching practices. In the 17th century, which is considered to be the
dawn of modern statistics, two schools were opposed: the descriptive German nat-
uralistic school and the English political arithmetic which developed treatment and
extrapolation techniques based on the growing theory of probability. While the
latter was adopted very quickly by most countries, the strength of the descriptive
tradition depended on the country. Today, researchers in mathematics education
agree that it is essential to combine a data-centric perspective with a modelling per-
spective. Nevertheless, this combination has different emphases from one country
to the other.

This history is reflected in the working group at CERME that addressed these
topics. It was initially called ‘Stochastic Thinking’, to emphasise the interdepend-
ency between probability and statistics. However, it turned out that the term
stochastics was ambiguous. Where its German equivalent (Stochastik) captured this
interdependency, in most other languages, stochastic has a very particular meaning,
as in ‘stochastic function’ — a function with a random variable. In practice, most
papers in the working group focused on either probability or statistics education.
For these two reasons, it was renamed ‘Probability and Statistics Education’.

This chapter aims to provide an overview of directions and trends within the
Probability and Statistics Education Working Group of CERME, but also to com-
pare them with international trends in these areas. We start with a brief history
of the working group, and discuss the main themes that recurred throughout the
years. These include the relation between probability and statistics, technology,
teacher knowledge and the need for interventionist research that goes beyond the
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description of problems but offers suggestions of how to improve probability and
statistics education. We end with a wish list for the future.

1 Brief history of the working group

The Stochastics Working Group was founded at CERME 3 in Bellaria, Italy. The
group has met at each CERME conference since that inaugural year when 17 papers
were presented across four themes: probabilistic thinking, statistical thinking, teacher
education and computer-based tools. These turned out to be recurrent themes
throughout the history of the group.

The theme on probabilistic thinking has resulted in new theoretical perspectives
and evidence that recognised the context-sensitive nature of students’ probabilistic
thinking. In fact, it has been claimed that, even though by nature probability is
more mathematical than statistics, the concept of probability is inherently complex
and different from other mathematical concepts. There has been concern that the
increasing popularity of exploratory data analysis (EDA) has led to the isolation of
probability in the curriculum. Below there is discussion on the role that modelling
with digital technology might have in reconnecting data and chance. However,
there was also a suggestion that an increased emphasis on subjective probability
might counter the all-pervasive reference to coins, spinners and dice, which are
not so common in children’s culture anymore. There has also been research on
the understanding of risk, which, although ambiguously defined, does carry some
connection with probability and might be an interesting domain for the explora-
tion of subjective probability. Further discussion of this theme can be found below.

Concerns have been expressed about negative attitudes in society toward statis-
tics and statistical thinking. These attitudes are similar to those toward mathematics
though, even worse, mathematically minded scholars sometimes reject statistical
ways of thinking. There has been research in this theme on the role of language as a
mediating tool in learning statistics. This research suggests that students might have
good intuitions but often not the statistical language to express these. Research
has been reported on how people interpret statistical information from authen-
tic contexts such as newspapers. This research raises the question of what can be
considered as statistical as well as the question of the authenticity of the activities.
Research has tried to tease out the important role that the construction of a task
and the subsequent social interaction has on the quality of observed statistically
related discussion. What are students’ situated understandings of basic concepts
such as average, spread, distribution, determinism, causality, randomness, stochastic
and physical dependence vs. independence? This has led to a major theme around
the role of context in statistical thinking.

In fact, the role of context is very different in statistics than in mathematics.
Mathematics as a discipline typically aims to be de-contextualised whereas statis-
tics typically draws on context. In the mathematics education literature, contexts
in word problems are reported to present children with additional difficulties,
whereas in statistics the contextual interpretation is important. Nevertheless, if’
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tasks lack authenticity by providing students with an artificial context, students
are likely to bring in personal knowledge that is not necessarily statistical. Rather
than thinking of abstracting, at least in statistics and probability, as a process of
decontextualisation, a focus on enriching, disciplining and refining seems to place
emphasis on abstracting as a process of generalising. Research on statistical thinking
is further elaborated below.

In the theme focused on teachers, CERME authors often report on the
impoverished nature of training for teachers of statistics who were not especially
knowledgeable in that area. Questions have been raised about how the community
might support teacher development in using innovative pedagogies and to become
more connectionist in their approach. The key influence of the methodology of
teachers on the learning of probability and statistics has been noted. There has been
concern that, while research had been finding evidence about what teachers did
not know, to design effective teacher education, research would need to identify
what teachers know already, including their attitudes, and what they need to know
to be effective teachers. One striking observation was that there are many theoreti-
cal frameworks for teacher knowledge and so there is a need to clarify the different
emphases in the different frameworks and over time reach some convergence in
terminology. Details of the teacher education theme are discussed below.

CERME research papers have reported on the importance of computer-based
tools in the teaching and learning of probability and statistics, for example in poten-
tial for students to appreciate probability distribution as an emergent phenomenon
and key concepts such as the mean. Design-related questions have been raised
about how research might identify significant affordances of computer-based tools
to realise such potential, including the role of microworlds. It has been proposed
that digital tools can offer a pathway toward the effective use of modelling to re-
connect probability and statistics. Most recently, there was a recognition that the
design of learning environments needs to consider the use of computer-based tools
alongside the design of the task itself and the nature of classroom interactions.

There is a tendency for some topics to be revisited by each generation (e.g.
misconceptions research; problem analysis), possibly because of the challenge of
building on research published in diverse disciplines. Another tendency is that
CERME papers follow international trends, such as emerging interest in inference
or sampling. The Forum for Statistical R easoning, Thinking and Literacy (SRTL)
is one of the international influences in this respect, just like the conferences of the
International Association for Statistical Education (IASE) such as the International
Conference on Teaching Statistics (ICOTS).

2 The nature of probability and statistics

Probability and statistics have very different historical origins (Stigler, 1986). We
see this reflected in how the topics are taught: Probability is highly mathematical
(based on combinatorics) while statistics is multidisciplinary. Statistics education is a
marginal discipline in the sense that it is at the boundary of many other disciplines
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including mathematics education, statistics and psychology (Groth, 2015). Statistics
education research is carried out by different groups of researchers, who publish
in a diversity of journals. The fragmented nature of the field also has an upshot.
Statisticians can play in everyone else’s backyards. Statistics educators typically draw
on many different fields. For a long time, statistics education has lagged behind in
terms of theoretical and methodological rigour, but is catching up with, say, math-
ematics education (Nilsson, Schindler & Bakker, 2018).

The papers presented in the first meeting of the Stochastic Thinking Working
Group at CERME 3 tended to focus on statistics and probability as separate topics.
However, some studies (Pratt, 2004) brought out the importance of providing
students with an experimental situation and computer tools that can help them
experience the dual notion of probability (epistemic and statistical) (Hacking,
1975). In the following meetings, several researchers focused on an experimental
approach to probability with technology. For instance, Abrahamson and Wilensky
(2006) reported on a study with 26 8th-grade students conducting probability
experiments using NetLogo models that randomly generated blocks of 3X3 arrays
of red and green squares and accumulated the outcomes in columns according to
the number of red squares in each block. Researchers designed the task in a way
that promoted students’ understanding of the connection between the distribu-
tions of empirical outcomes from small samples they collected using NetLogo
and the distribution of the combined empirical outcomes from all small samples
in a collaborative learning environment. Students’ probabilistic reasoning was
supported by their analysis of distribution of empirical outcomes in this experi-
mental approach to probability. In another study, Prodromou (2007) investigated
15—16-year-old students’ coordination of data-centric distribution and modelling
distribution as they worked in a microworld environment about throwing bas-
ketballs where they could use causality to articulate features of distribution. The
paper focused on the work of two pairs of students. Although these students
seemed to intuitively understand that the data-centric distribution would con-
verge to the modelling distribution, which was the intended outcome, they had
difficulty in viewing the modelling distribution as the generator of the data-centric
distribution. In Schnell’s (2013) study with students aged 11 to 13, the focus was
on the random data generated from chance experiments using a computer simu-
lation tool. Students in pairs evaluated the chance of getting possible outcomes
by identifying the patterns and variability in the distribution of outcomes in a
bar chart to make predictions in a small number of trials (e.g. n = 20) and a large
number of trials (e.g. n = 2000). Eventually, two out of three pairs were able to
see the relation between predictability of the random outcomes and the number
of trials conducted.

The emphasis on both the frequentist approach and the classical approach to
probability in school mathematics curricula also stimulated the discussion of new
approaches to teaching probability with the development of new technology. For
example, at CERME 7, Henry and Parzysz (2011) provided perspectives on the
use of computer simulations for linking the frequentist and the classical approaches
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to probability given the emphasis on teaching both in French high schools. They
argued that the use of computer simulations in the classroom as a pseudo-random
generator would help learners develop a better understanding of statistical and
probabilistic ideas, such as relative frequency and variability.

There are also studies suggesting effective use of a pedagogical approach to
make the connection between theoretical and empirical probabilities without the
use of computer simulations. For example, the enactive experience of flipping a
coin 100 times as a class (Diaz-Rojas & Soto-Andrade, 2015) and students’ physi-
cal experience of jumping paper frogs (Eichler & Vogel, 2015) were found to be
useful in learning situations that involve an experimental approach to probability.

In addition to the frequentist and classical approaches to probability, subjective
interpretation is also important and even more intuitive for students when teaching
probability. In more recent years, research focused on combining subjective ideas
of students with empirical data from random experiments. For instance, Helmerich
(2015) studied 8—10-year-old children’s use of subjective ideas and empirical data
from experimenting with different ‘odd dice’ in a game context. Moreover, Kazak
(2015) reported on 10—11-year-old students’ coordination of their subjective ideas
and the empirical data in attempting to evaluate the fairness of a chance game.
Students also expressed degrees of confidence as they played the game and used
different amounts of data generated by TinkerPlots simulations.

With the increasing attention for informal statistical inference at school level,
research discussed in the more recent CERME meetings tended to focus on the
notion of probability in the context of informal statistical inference and infor-
mal inferential reasoning. Different from the focus of aforementioned studies on
the data-centric perspective (or experimental approach) in teaching probability,
Ben-Zvi, Makar, Bakker and Aridor (2011) brought out the notion of probabil-
ity within informal statistical inference. They reported on a study of 11-year-old
children’s reasoning about sampling when making informal statistical inferences
in an inquiry-based environment. Engaging students in making informal statisti-
cal inferences from samples allowed them to discuss the notions of likelihood,
level of confidence and randomness together with statistical notions, such as dis-
tribution, spread and average. Moreover, Jacob and Doerr (2013) presented their
study about secondary students’ informal inferential reasoning as they collected a
sample of data in an attempt to draw a conclusion based on the related sampling
distribution supported by the use of Fathom software. This study pointed out the
importance of probabilistic ideas, such as level of uncertainty and Law of Large
Numbers, in making a sound connection between samples and the sampling dis-
tribution. Henriques and Oliveira (2015) also studied 8th grade students’ informal
statistical inference during statistical investigation involving body measurements
of students at the school. Students analysed their data using TinkerPlots software.
When expressing the uncertainty to make generalisations beyond data, students
tended to use probabilistic language, such as “probably”, “maybe”, “something
similar” and “tend to be”.
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3 Role of context

In 2003, authors raised the question of the effect of context (Monteiro & Ainley,
2004). Then, at CERME 6, Eichler (2010) explicitly drew attention to the role of
context in stochastic education, which became the subject of important discussions
in CERME 7.

Several authors have raised the question of the authenticity of the problems
proposed to pupils, as the context is an integral part of Stochastics, interdisciplinary
by nature, and further emphasised by the rise of the EDA perspective (Borovcenik,
2006). Researchers who explored the role of context in the learning of statistics
(see e.g. Educational Studies in Mathematics, 45(1), 2001; Mathematical Thinking and
Learning, 13(1&2), 2011) usually recommend the use of real data. Nevertheless,
they identified that this use could be a problem, particularly because of the dif-
ficulty experienced by students to extricate themselves from the context and the
weight of their personal beliefs. What could an authentic situation look like? We
identify two main trends through CERME proceedings: Some researchers have
recommended the implementation of an inquiry-based process where students col-
lect and handle their own data. Other researchers have proposed activities based
on the study of information given by the media. Within the first trend, Ainley,
Jarvis and McKeon (2011) designed and experimented with a sequence of science
activities which focus on different aspects of exploring flight. Students were led
to explore variability through the repeating of measurements. Eckert and Nilsson
(2013) conducted an experiment based on farming; they stimulated students to
think about the variability of the results of their pumpkin and sunflower planta-
tions. Hauge (2013) proposed to build school activities about risk assessment by
drawing inspiration from the management of fisheries. Within the other trend,
Sturm and Eichler (2015) used HIV rapid-test information to encourage students
to work on Bayes’ formula; Plicht, Vogel and Randler (2015) studied students’
interpretation of graphs about milk production.

Context may somehow be related to the interest or motivation of the student
to engage with statistics. Donati, Primi, Chiesi and Morsanyi (2015) studied 127
psychology students and found that individual interest in statistics has a direct effect
on both situational interest and intrinsic motivation. It was also found that the rela-
tionship between individual interest and situational interest is mediated by intrinsic
motivation and this indirect effect of individual interest on situational interest is
regulated by the perceived appeal of the statistical activity.

Alldredge and Brown (2004) investigated two distinct instructional strategies.
They found that the association between general confidence toward learning and
course performance was more positive for females when using software focused on
different statistical methods rather than on the contextualisation of the problems.
Perplexingly, for males, it was vice versa. It seems that the role of context is unset-
tled but we expect research using contexts like the ones above will help to tease
out the issues in the future.
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4 Technology

In this section, we discuss how research reported by technology-oriented papers
in the CERME conference proceedings has connected to the ideas raised in the
handbook chapter by Biehler, Ben-Zvi, Bakker and Makar (2013) on how digi-
tal technologies are enhancing statistical reasoning at school level. Biehler et al.
described the requirements of digital tools in ways that resonate with an old analy-
sis by a UK quango of the entitlements offered to students by technology (Becta,
2000). These entitlements consisted of ‘learning from feedback’, ‘observing pat-
terns’, ‘seeing connections’, ‘working with dynamic images’, ‘exploring data’ and
‘teaching the computer’. The requirements laid out by Biehler et al. included a
capacity for students not only to practise graphical and data numerical data analysis,
engaging in ‘exploring data’ and ‘working with dynamic images’, but also to cre-
ate new methods, such as by programming or similar activity involving ‘teaching
the computer’. Biehler et al. also recognised the importance of using embedded
microworlds, thus ‘learning from feedback’, and constructing models, which
would also involve ‘teaching the computer’. It is not difficult to see how ‘observ-
ing patterns’ and ‘making connections’ are fundamental to all of the requirements
of tools as described by Biehler et al.

Among the main themes identified by Biehler et al. (2013) was the issue of
when students should use software as opposed to working manually. Without
exception, the technology-oriented papers in CERME proceedings have involved
direct use of technology as a tool for learning by students and there has not been
research specifically addressing when the use of technology might be beneficial.

A second theme pointed out the tension between adopting technology that
might be beneficial for learning statistics and probability, but which requires con-
siderable effort to master before such learning might become evident. There is of
course an argument that the length of time needed to learn a new technology is
time that could have been spent making sense of difficult statistical and probabilistic
ideas. It is the teacher under pressure to cover a large curriculum who has to man-
age this tension (and at school level it is often the mathematics teacher working
with a curriculum that contains relatively little content of statistics and probability).
Researchers compete for scarce research funds and so encounter a similar tension
because they are unlikely to afford the time for the gradual integration of technol-
ogy into a classroom. Hence, research using software that is more narrowly focused
can be easier to manage than research on the use by students of more general edu-
cational softwares such as TinkerPlots and Fathom. Nevertheless, over the years,
CERME has reported examples of both.

There have been five studies that have used specially designed microworlds to
study student learning of specific key concepts: ‘fairness’ (Paparistodemou & Noss,
2004); the Law of Large Numbers (Paparistodemou, 2006); randomness (Pratt &
Prodromou, 2006) and distribution (Prodromou & Pratt, 2009). These studies
demonstrated how digital resources can be harnessed to explore specific research
questions, throwing light upon students’ understanding of these key concepts.
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Reasoning with key concepts is a theme identified by Biehler et al. (2013) but,
whereas that report discussed the use of technology in the teaching and learning of’
key concepts, these CERME studies illustrated the use of technology to research
perturbations in students’ statistical reasoning about key concepts. Indeed, at a
higher level of abstraction, one other study, Pratt (2004) deployed a microworld to
propose a general theory for how probabilistic knowledge emerges. The designed
microworlds in these studies were sufficiently narrowly focused on the specific
concept in question that the data collection could take place over a relatively short
time span without a considerable time commitment for the students to learn the
tool. Most of the other technologically oriented studies reported in CERME con-
ferences used more general educational software, such as NetLogo, Fathom and
TinkerPlots. These studies needed strategies for embracing the challenge of ena-
bling students to master the software sufficiently to elaborate their research aims
and so were either closely related to the researchers’ teaching activity or were part
of a wider long-term study.

Two studies by Abrahamson and Wilensky (2004, 2006) deployed the pro-
gramming language NetLogo to explore how students learned through design and
collaboration. In the terminology of Biehler et al. (2013), these studies immersed
the students in a setting where they might create their own methods of solution,
such as building for themselves the Normal distribution and engaging in collabora-
tive activity around the Law of Large Numbers, thus emphasising the development
of aggregate thinking, an important theme in the Biehler et al. (2013) report.

There has been an increasing emphasis on studies involving model construction
(one out of the two technologically oriented papers in each of CERME 5, 7 and 8
and all four in CERME 9). These studies have focused on students’ reasoning
with key concepts and aggregates as they: follow a schema for simulation (Maxara
& Biehler, 2007); reason informally about sampling using TinkerPlots (Martins,
Monteiro & Carvalho, 2015); reason about probability and randomisation tests
using TinkerPlots (Frischemeier & Biehler, 2013); compare groups (Frischemeier
& Biehler, 2015); reason about uncertainty while playing a game and using a
TinkerPlots simulation (Kazak, 2015); and use simulations for informal inference
(Lee, Tran & Nickel, 2015).

The move from research that studies either probability or statistics exclusively
to studies of these two connected domains in an integrated way has been discussed
in the earlier section on the nature of statistics and probability. It is worth men-
tioning here that this transition is reflected in the changing nature of those studies
involving technology. Indeed, it is a reasonable conjecture that the innovation of
educational software such as TinkerPlots and Fathom has been a significant trigger
for that change. At one time, experimental studies of probability were restricted in
the main to students using familiar random generating devices such as coins, urns,
dice and playing cards. Some studies then began to exploit additional affordances of
technology by simulating those devices. At the same time, early uses of technology
focused on exploratory data analysis, arguably intentionally avoiding the difficulty
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of probabilistic thinking. Innovations in educational software have facilitated the
re-connection of statistics and probability in research studies. The integration into
TinkerPlots of samplers that allow the simulation of familiar random devices
into exploratory data analysis software marks the move among CERME research-
ers to conduct research that considers both key concepts and aggregate thinking,
and allows students to create new methods and models. Without doubt, such
research makes additional demands because of the increased time commitment for
the students to learn such tools. There is a danger perhaps that the pressure to con-
duct research with these tools will lead to a narrowing of research settings to those
few situations where long-term research is being conducted or where the subjects
of the research are in fact closely connected to the researchers, for example through
the teaching commitments of the researchers. There continues, therefore, to be a
place for research that is more narrowly focused alongside the exciting research
now being conducted with larger educational software packages.

5 Teacher knowledge

As the statistics and probability topics have become part of the mainstream mathe-
matics curricula in various countries since the late 1990s, teachers’ knowledge on
these topics (i.e. their conceptions of statistical and probabilistic concepts and ideas)
became an ongoing interest to mathematics education researchers. Discussions about
the following main issues related to teachers began in CERME 3 and seem still to
be relevant: (1) impact of teachers’ strong beliefs about the nature of mathematics
on teaching and learning of statistics (deterministic vs. uncertain), (2) insufficient
training of teachers both in terms of content knowledge and pedagogical know-
ledge related to statistics and probability.

Much of the research with pre-service and in-service teachers has focused on
teacher knowledge of statistics and probability, involving conceptions, competen-
cies and reasoning in various topics: Probability (e.g. Contreras, Batanero, Diaz
& Fernandes, 2011), randomness (Paparistodemou, Potari & Pitta, 2007), graphs
(e.g. Batanero, Arteaga & Ruiz, 2010), risk (Pratt, Levinson, Kent & Yogui,
2011), sampling distribution (Doerr & Jacob, 2011), statistical literacy (Koleza &
Kontogianni, 2013), uncertainty (e.g. Frischemeier & Biehler, 2013), variability
and sampling variability (Gonzales, 2013; Jacob, Lee, Tran & Doerr, 2015), and
measures of central tendency (Santos & De Ponte, 2013). A general implication
from these studies seems to be the need to improve teachers’ knowledge of spe-
cific content that they are expected to teach. Indeed, it seems that competence in
statistics also supports general interest in the subject. Batanero, Estrada, Diaz and
Fortuny (2006), after studying 367 pre-service teachers in different subject areas,
suggested that teachers’ attitudes toward statistics were highly correlated with their
cognitive competence in statistics.

Having adequate knowledge of content is not sufficient for developing students’
understanding of statistical concepts and procedures. For instance, Eichler (2007)
pointed out that students’ difficulties in understanding dependence, conditional
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probability, and Bayes’ theorem might be due to the teacher’s use of tree diagrams
in a traditional way, rather than with natural frequencies. This finding suggests the
importance of teachers’ pedagogical content knowledge which involves “an under-
standing of what makes the learning of specific topics easy or difficult” (Shulman,
1986, p. 9) and links content and pedagogy-related aspects of knowledge for teachers.
However, only five of the CERME papers focusing on teachers’ knowledge dealt
with pedagogical content knowledge of teachers, while there were 23 papers on
teachers’ knowledge/conceptions in statistics and probability. For example, one of
the studies conducted with pre-service teachers (Paparistodemou et al., 2007) indi-
cated some difficulties in combining pedagogical practices (e.g. group work, use of
concrete tools, games and time management) and the mathematical content in their
teaching and in considering students’ intuitive ideas, possible student responses and
how they would think during the implementation of their lesson plans on the idea
of randomness for children of ages 4-5.5. Given that these pre-service teachers were
doing their teaching practice in pre-primary schools and had completed courses on
statistics and probability as well as teaching mathematics, there is a need to address
pedagogical content knowledge of teachers in teaching statistics and probability
in teacher education programmes. The other four papers focused on in-service
teachers’ knowledge, in particular pedagogical content knowledge, with regard to
teaching topics such as statistical graphs (Gonzilez Astudillo & Pinto Sosa, 2011),
probability (Eckert & Nilsson, 2013) and variability (Gonzales, 2013; Quintas,
Oliveira & Tomas Ferreir, 2013) at different grade levels, from primary school to
university. Although these studies tended to report on findings from a very small
number of teachers, their attempt to identify characteristics of teachers’ pedagogical
content knowledge or knowledge for teaching of different statistical and probabilis-
tic topics seems to be promising for our understanding of what knowledge teachers
should have in order to promote students’ understanding of these topics.

The use of technology to support teachers’ statistical understanding also seems to
be getting more attention in recent years. For example, the role of using technol-
ogy tools in training future mathematics teachers has been studied in the context of
modelling a random experiment within Fathom (Maxara & Biehler, 2007) and rea-
soning about uncertainty during randomisation tests with TinkerPlots (Frischemeier
& Biehler, 2013). Research with in-service teachers included teachers’ understand-
ing of sampling distribution with the use of Fathom software (Doerr & Jacob, 2011)
and teachers” models of simulation processes in the context of informal statistical
inference through the use of TinkerPlots software (Lee et al., 2015).

6 Types of research conducted and needed

It is possible to identify four types of research needed to improve probability and
statistics education: (1) Descriptive or evaluative research that focuses on education
as it currently is. Often such studies involve a problem analysis, baseline study, or
needs analysis. (2) Research that identifies sensible learning goals, for example dis-
cussions of statistical literacy or risk. In such cases, scholars analyse what would be
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good learning goals given today’s or tomorrow’s society. (3) Research that offers
suggestions or advice on how to promote particular learning. These are typically
design-based interventions. New technology is often used to foster desirable ways
of learning. But there are also creative ideas such as using random walks (Soto-
Andrade, 2013). (4) Effect studies and evaluations of interventions, which are
closely connected to (3) and focus on what was actually learned. A closely related
question is how to assess student or teacher knowledge or skills validly and reliably.

There has always been much descriptive research in the CERME group, typically
about students’ statistical or probabilistic knowledge, or lack of it. Such studies are
important, for example to flag up a problem in a country and underpin the need for
improvement or redesign of the curriculum. At CERME, however, several com-
mentators (e.g. Per Nilsson in 2013) have observed that the research community
knows pretty well what the problems are so that we need more design-based, pre-
scriptive or advisory research: didactical ideas about how to improve probability and
statistics education. This implies that, in their view, the field asks for more research
of the third type. However, to know how effective and efficient these approaches
are, we also need more systematic evaluation of new interventions (type 4).

We end with a wish list of research we think is needed:

e A large proportion of the papers focused on student learning. However,
because most mathematics teachers have little knowledge of statistics, more
research on teachers and teaching is needed. Many teachers try to teach statis-
tics like other mathematical topics, focusing on only the results, procedures,
graphs, etc., rather than on statistical thinking and reasoning processes. What
is it that teachers need to know? The concept of Statistical Knowledge for
Teaching (SKT) might be fruitful here (Groth, 2007). And, also relevant:
How can teachers be supported to develop this SKT?

e In line with the previous point, teachers also need better familiarity with
how to use technology. The notion of Technological Pedagogical Content
Knowledge (TPCK) has been suggested as a theoretical lens on this issue.

e In mathematics and science education, modelling is coming up as an impor-
tant learning goal, but also a means of supporting learning. As some of the
CERME papers indicated, modelling can also act as a bridge between statistics
and probability in an era when probability is becoming isolated. Technology
offers new possibilities, as numerous CERME papers have shown (cf. differ-
ence between dice games and computer games), but what are effective ways
to promote students’ understanding?

e  The rare studies on vocational and professional usage of statistics emphasise
that statistics in its many contextual manifestations is becoming more and
more important for the workplace. More interest from educational research-
ers for this domain would be welcome.

e A large proportion of CERME papers focused on rather basic probability and
statistics. Most welcome would be attention for more difficult concepts and
techniques.
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