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Teachers who engage primary school students in informal statistical inference (ISI) need to have a
good content knowledge (CK) and pedagogical content knowledge (PCK) of ISI themselves. However,
little is known of how teacher college education for pre-service teachers can contribute to the
development of their ISI CK and PCK — a shortcoming we attempt to address in this paper. A class
of 21 pre-service primary school teachers participated in an intervention consisting of five lessons.
Design research methodology guided the design of the intervention. The preliminary results indicate
that most pre-service teachers seemed to be aware of the inferential nature of research questions and
the uncertainty inherent to ISI, but not all of them understood the fundamental idea that if a properly
selected sample is representative for the population it can be used for an inference. Lacking this
understanding might hinder them in teaching ISI.

Keywords: Informal statistical inference, informal inferential reasoning, primary education, statistics
education, teacher education.

Introduction

In daily life, sample data is regularly used to make generalizations that go beyond the data collected;
informal statistical inference (ISI) is a form of this phenomenon. The ability to critically evaluate
such generalizations is increasingly useful in participation in present and future society. ISI is defined
as “a generalized conclusion expressed with uncertainty and evidenced by, yet extending beyond,
available data” (Ben-Zvi, Bakker, & Makar, 2015, p. 293). Unlike formal statistical inference, ISI
does not make use of formal statistical tests that are based on probability theory (Harradine, Batanero,
& Rossman, 2011). In recent years, statistics education researchers have turned their attention to how
primary school students can be introduced to ISI. It is hypothesized that if students are familiarized
with the concept in primary school, it will help them to understand the processes involved in its
reasoning and in statistical reasoning in general (Bakker & Derry, 2011; Makar, Bakker, & Ben- Zvi,
2011). Evidence suggests that meaningful learning environments can render ISI accessible for
primary school students (Ben-2vi et al., 2015; Meletiou-Mavrotheris & Paparistodemou, 2015).

If students are to be introduced to ISI in primary school, future teachers need to be well prepared to
conduct this introduction (Batanero & Diaz, 2010). This requires them to have an appropriate content
knowledge (CK) of the subject and to have adequate pedagogical knowledge (PCK) (Burgess, 2009).
Recent research shows that pre-service teachers have difficulty making generalizations and
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understanding sampling representativeness and the logic of sampling (De Vetten, Schoonenboom,
Keijzer, & Van Oers, 2016a; De Vetten, Schoonenboom, Keijzer, & Van Oers, 2016b). However,
little is known how we can prepare pre-service teachers to teach ISI to primary school students. This
paper reports on the design and preliminary results of an intervention at a teacher college for primary
education that aimed to foster the development of the ISI content knowledge (CK)and PCK of pre-
service primary school teachers.

Teachers’ knowledge of ISI

In his seminal article, Shulman (1986) uses two broad categories to categorize the knowledge teachers
need to have to teach a particular subject: pedagogical content knowledge (PCK) and content
knowledge (CK) of the subject. Shulman’s first category, pedagogical content knowledge, includes
knowledge of how to present, illustrate and explain new material (Knowledge of Content and
Teaching; KCT for short); and knowledge about the students’ conceptions and misconceptions
(Knowledge of Content and Students; KCS for short). Concerning content knowledge, teachers need
to understand the subject at the level of student (Common Content Knowledge; CCK for short), but
also need to have specialized knowledge of the subject that enables them to teach the subject and that
is specific for the job of teaching (Specialized Content Knowledge; SCK for short) (Ball, Thames,
and Phelps, 2008).

For ISI no categorization of CK and PCK is available. We combine the categorization of Shulman
with the ISI framework of Makar & Rubin (2009) to conceptualize the CK and PCK needed for
teaching 1SI. Makar & Rubin (2009) argue that an ISI consists of the following three components:

1. ‘Data as evidence’: The inference is based on the data, and not on tradition, personal beliefs
or experience.

2. ‘Generalization beyond the data’ (in short: ‘Generalization’): The inference goes beyond a
description of the sample data to make a claim about a situation beyond the sample data.

3. ‘Uncertainty in inferences’ (in short: ‘Uncertainty’): The inference includes a discussion of
the sample characteristics, such as sample size and sampling method, and a discourse on what
these characteristics imply for the representativeness of the sample and the certainty of the
inference. Moreover, it requires an understanding of basic logic sampling: the understanding
that if a properly selected sample is representative for the population it can be used for an
inference, because sample-to-sample variability is low. We have subdivided this component
into three subcomponents: sampling method, sample size and uncertainty.

There are a limited number of studies that investigate (pre-service) primary school teachers’ CK of
ISI. The authors of this paper have investigated all three 1SI components in two studies (De Vetten et
al., 2016a; De Vetten et al., 2016b). In an exploratory design study, De Vetten et al. (2016a) show
that regarding ‘Data as evidence’ most pre-service teachers indeed use data as evidence when
comparing two samples to generalize to the population. Inalarge scale questionnaire study, De Vetten
et al. (2016b) found less positive results when pre-service teachers were asked to evaluate whether
data can be used as reliable evidence for a generalization. Concerning ‘Generalization’, De Vetten et
al. (2016b) show that pre-service teachers are well able to discern that probabilistic generalizations
are permissible, while deterministic generalizations are not. However, De Vetten et al. (2016a) report
that pre-service teachers tend to only describe the samples, and do not generalize beyond the data.
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The evidence onthe ‘Uncertainty’ component suggests that many pre-service teachers show alimited
understanding of sampling methods, sample size, representativeness and the logic of sampling and
sampling variability (De Vetten et al, 2016a; De Vetten et al., 2016b; Meletiou-Mavrotheris et al.,
2014; Mooney, Duni, VanMeenen, & Langrall, 2014; Watson, 2001).

Research on teachers” PCK of ISI and ways to prepare to teach ISI is even scarcer than research on
teachers” CK of ISI. Leavy (2010) reports that pre-service teachers tended to focus excessively on
procedures, spent too much time on descriptive analyses at the expense of discussion of inferences,
and failed to stimulate data-based reasoning. Using the same data, Leavy (2015) shows that it is
critical that pre-service teachers learn how to pose questions that invite students to reason about
inference. Madden (2011) shows that tasks that are statistically, contextually and/or technologically
provocative triggered high school mathematics teachers to reason about ISI.

Since little is known how to prepare pre-service primary school teachers to teach ISI, the aim of the
present study is to investigate in what way teacher college education for pre-service teachers can
contribute to the development of their I1SI CK and PCK. The research question is: To what extent,
and how, do the ISI CK and PCK of pre-service school teachers develop during, and as aresult of, an
intervention at primary education teacher college aiming at developing 1SI CK and PCK?

Method

Context

In many countries, including the Netherlands, current statistics education curricula in primary and
secondary education do not include ISI. Actual teaching practices focus primarily on statistical
procedures and graphing skills, where concepts are learned without reference to the need to collect
and analyze data (Ben-Zvi & Sharett-Amir, 2005; Friel, Curcio, & Bright, 2001; Meijerink, 2009).
When statistical inference does form part of the secondary education curriculum, the ideas of sample
and population are often only dealt with on a technical level. Consequently, many students enter
tertiary education with a shallow and isolated understanding of the concepts underlying statistical
inference (Chance, DelMas, & Garfield, 2004). In contrast to many other countries, where students
can only opt for teacher education after completion of a bachelor’s degree, in the Netherlands, initial
teacher education starts immediately after secondary school and leads to the attainment of such a
degree. For these students, mathematics teaching is usually not their main motive for becoming
teachers.

The intervention was part of a course on mathematics education for grade 3 to 6. The course was the
fourth course on mathematics education and the second for mathematics in grade 3 to 6. During the
semester the pre-service teachers worked in agrade 3 to 6 class in a work placement school. Since in
the Dutch mathematics curriculum for teacher college statistics gets only minor attention and since
we wanted to have an intervention that would fit in the normal teacher college curriculum, we decided
to restrict the length of the intervention to five lessons, out of the 16 lessons of the total course.

Design

We employed design research methodology to study the development in ISI CK and PCK of the pre-
service teachers and to explain this development (Van den Akker, Gravemeijer, McKenney &
Nieveen, 2006). Previous research (Ben-Zvi, 2006; De Vetten et al., 2016a&b; Paparistodemou &
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Meletiou-Mavrotheris, 2008; Saldanha & Thompson, 2007) and our own ISI teaching experiences
with primary school students informed us which learning goals are within reach of pre-service
teachers and what PCK is necessary to teach ISI to primary school students (see Table 1). These
learning goals were categorized mto the three ISI components ‘Data as evidence’, ‘Generalization’
and ‘Uncertainty’.

Table 1: ISI learning goals for the intervention at primary education teacher college
ISI component Knowledge | | earning goals Attain-
P type? 949 ted?”
. . . 0.75
To reason with students about ISl in a meaningful way, teachers can (1) have students
General KCT conduct empirical investigations with an inferential research question about a meaningful
topic or (2) have students evaluate research (for example as reported in the media) with an
inferential research question about a meaningful topic.
CCK Use data as evidence, not other sources 1
CCK Sample provides information about likelihood of population parameters 0.5
KCS Many students do not use data as evidence 0.5
) KCS Many students think that every sample distribution is evenly likely 0.25
Data as evidence 0.25
To teach students that data can be used as evidence for answers on inferential questions '
KCT teachers can (1) have students conduct empirical investigations where sample and population
are concretely visible, (2) regularly point at the sample, and (3) ask students on what
arguments they or other researchers reached their conclusion.
ccK It i_s possible to make claims about population, despite individual differences between | 0.75
subjects
CCK It is possible to use sample to make claims about population 1
CCK Awareness of inferential nature of research questions 1
CCK Claims about a population are often based on a sample 1
CCK Correctly articulate answers to inferential questions 0.5
KCS Many students answer inferential questions descriptively only 0.5
o T o teach students that it is not necessary to investigate an entire population, but thata sample | 0.25
Generalization KCT suffices for areliable conclusion, teachers can (1) use examples from media where a sample
beyond the data is used, or (2) use resampling activities where different samples yield similar results.
T o make students aware of the inferential nature of research questions, teacherscan (1) ue | 0.25
real empirical investigations where sampleand population are concretely visible, and (2) ak
KCT questions, such as 'Does our result hold forthe sample only, or also for the population?'
To help students to correctly articulate answers to inferential questions, teachers can | 0.25
KCT reformulate students’ responses.
CCK Which of the following sampling methods are (in-)appropriate: convenience sampling, | 0.75
random sampling, quota sampling
- | SCK Understand why random sampling is appropriate 0.75
é KCS Many students think random sampling is not an appropriate sampling method 0.5
(<5}
£ | KCS Many students tend to use incorrect matching techniques in sampling 0
(=)
£ To teach students that a sample needs to be representativeness of the population, a teacher | 0.75
. g can (1) ask studentsto investigate howother researchers have selected their sampleand what
L_Jnhcerta;ntty & | KCT students think of the representativeness of the sample and (2) let students discuss how they
inherent (o would select a representative sample to answer a specific research question and let the
inferences children execute the sampling.
SCK Why a Targer sample Teads to more certainty 0.5
g | CCK Sufficient sample size 0.25
o | CCK Sample size is independent of population size 0.5
g | KCS Many students do not take sample size into account in the certainty of their answers | 0.5
S | KCs Many students make very certain inferences, even for small samples 0.5
KCS Many students think that sample size is dependent of population size 0.25
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To teach students the effect of sample size on the certainty of inferences, teachers can we | 0.5
KCT real empirical investigations where resampling is used, select to two samples of different size
and ask which sample provides more certainty.
CCK Acknowledge uncertainty of inferences and impossibility of absolute certain inferences 1
CCK The larger the sample, the more certain the inference 1
CCK The better the sampling method, the more certain the inference 0.75
CCK When a sampleis properly selected, the probability is small that another but likewise sample | 0.5
> gives an entirely different result
o
'g CCK Correctly articulate uncertainty in inferences 0.5
8 [ KCS Many students express complete (un-)certainty in their inferences 0.5
==
] To make students aware of the uncertainty of inferences, teachers can use real empirical | 0.25
KCT investigations whereresampling is used, and confront the children that different samples lead
to different conclusions.
KCT To help students articulate uncertainty in inferences, teachers can reformulate students | 0.25
responses or ask how much certainty the students have.

®CCK: common content knowledge; SCK: specialized content knowledge; KCS: knowledge of content and students; KCT : knowledge of con tent and

teaching. "Each learning goal received one of the scores 0, ¥4, %, % or 1 (0: not attainted; 1: attained by (almost) all pre-service teachers)

For each lesson, a hypothetical learning trajectory was designed, connecting activities with the
learning goals for the lesson, while also explaining in what way the activities were hypothesized to
help to attain the learning goals. Using example lessons was one type of activity used to foster the
CKand PCK of the pre-service teachers. These lessons introduced many CK concepts and provided
opportunities to discuss how children would deal with issues involved in these lessons. Each lesson
was evaluated to inform the design of the next lesson. Table 2 provides an overview of the
intervention. Part of the intervention was that pre-service teachers would give an ISI lesson in their
work placement school. The analysis of these lessons is beyond the scope of this paper.

Table 2: Overview of the ISl intervention at the teacher college

Week Activity

1 Informed consent, pre-testand homework instruction

Between 1 CK: Pre-serviceteachers make homework assignment:

and3 1. Lookupan article in the media that makes a claim about a population based on a sampleand that somehowappealstoyou.

2. Describe howthe researchers came totheir conclusions.

3. Writeacritical evaluation about the quality of the research: towhat extent is in your opinion the conclusion justified based
on the research conducted?

3 Lesson1
CK & PCK: Small group and whole class discussion of homework assignment, attention for both CK and PCK aspects of the
assignment
CK: Explanation of random sampling and appropriate sample size usingan ICT demonstration

5 Lesson2

CK & PCK: Teachereducator models an example lessonwhich the pre-service teachers could give themselvesin their work
placementschools

PCK: Discussion of teachereducator’s experiences with teaching the example lesson in primary school

5 Lesson3

CK & KCS: Discussion of equiprobability bias usinga task

CK Short recap of main ISl concepts

P CK: Teacher educator presents leaming goals of ISl lesson (KCT), discusses typical responses of students (KCS) and provides
instructions for the 1Sl lesson (KCT)

Between 5 Half of the pre-serviceteachersteachan IST Tesson in their placement school.
and12
12 Lesson 4

PCK: Discussion of pre-service teachers’ experiences with teaching with teaching the 1Sl lesson
PCK: Pre-serviceteachers provide suggestions for alterations of the ISl lesson and tips for their fellowstudents.
Between 12 The otherhalfof the pre-service teachers teach an ISl lesson in their placement school.

and 16
16 Lesson5

P CK: Discussion of pre-service teachers’ experiences with teaching the ISI lesson
16 Post-testand evaluation of the intervention
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Participants

One class of second year pre-service teachers participated in this study. They studied at a small
teacher college for primary education in a large city in the Netherlands. The intervention took place
in their second year of study, because statistics is part of the knowledge base that is tested in the third
of study. This particular class was chosen, because the pre-service teachers had fewest credits open
from their first year of all three second year classes. The class consisted of 23 pre-service teachers.
They were asked to provide their informed consent. While all of them were required to participate in
the activities and lessons, one pre-service teacher invoked the possibility to have her results excluded
from the analysis. The results of another student were also excluded, because of absence during all
but one of the lessons. This resulted in a sample of 21 pre-service teachers. The procedure was
approved by the ethical board of the Faculty of Behavioural and Movement Sciences of Vrije
Universiteit Amsterdam. The average age of the participants was 21 years (SD: 2.19); 6 were male;
10 had a background in secondary vocational education (students attending this type of course are
typically aged between 16 and 20), 7 came from senior general secondary education, 2 had been
enrolled in university preparatory education, and the educational background of the remaining 2 was
either something else entirely or unknown. Their average score on the obligatory first-year
mathematics exam for Dutch pre-service teachers was 135 out of 200 possible points (SD: 12.86). A
score of 103 equals the 80th percentile of Grade 6 primary school students in the Netherlands. The
first author was the teacher educator. He had four years of experience as a mathematics teacher
educator, a master degree in economics and experience as a university statistics lecturer. He had
taught most of the pre-service teachers during their first year of study.

Data collection

During the lessons, whole class interactions were recorded on video and audio, while small group
interactions were recorded on audio. Furthermore, during most lessons one of the co-authors was
present as observer, taking notes. Finally, all written work was collected. A pre-test and post-test were
used to measure ISI CK and PCK at the start and at the end of the intervention. The results of these
tests will be presented during the CERME presentation.

Data analysis

The goal of the analysis is to study the development of the ISI CK and PCK and to explain these
developments. This paper reports preliminary analyses. After each lesson, the teacher educator’s and
observer’s notes and reflections were used as for estimating to what extent the learning goals relevant
for the particular lesson had been attained by the pre-service teachers as a whole. Each learning goal
received a score ranging from 0 to 1 (0: not attainted; 1: by large attained by (almost) all pre-service
teachers). These estimations per lesson were used to make an overall score for each learning goal.
Next, average scores were calculated for the various components and types of knowledge. Based on
these notes and reflections, these scores were related to the activities used during the intervention.
The final results will show in detail the development of ISI CKand PCK at the level of the pre-service
teacher and the role of the activities used in the intervention.
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Table 3: Attainment of the learning goals, summarized by ISI component and knowledge type

Component Awverage score? Knowledge type Awverage score?
General 0.75 Common content knowledge 0.73

Data as evidence 0.5 Specialized content knowledge 0.63
Generalization beyond the data 0.61 Knowledge of content and students 0.39

Sampling method 0.55 Knowledge of content and teaching 0.43

Sample size 0.43

Uncertainty 0.59

8Each goal received one of the scores 0, %, %2, % or 1 (0: not attainted; 1: by large attained by (almost) all pre-service teachers)

Preliminary results

The preliminary results reveal to what extent the learning goals have been attained and shed some
light on what activities helped to reach these goals. Table 1 shows to what extent the learning goals
are attainted. Table 3 shows the average score for the learning goals summarized for components and
knowledge type respectively. There are some notable results. First, most pre-service teachers seemed
to be aware of the inferential nature of research questions and the uncertainty inherent to the results.
The homework assignment at the start of the intervention seemed to have helped to foster this
awareness. Second, the modeling of the example lesson seemed to be a good context to reason about
sampling methods, because it naturally led to the use and discussion of random and quota sampling
methods. Moreover, although average scores on PCK learning goals are lower than on CK learning
goals, modeling helped the pre-service teachers to get a better idea how to teach ISI to primary school
students. Thirdly, while the presentation of PCK issues by the teacher educator in lesson 8 did not
seem to contribute much to the pre-service teachers understanding, the discussion of PCK based on
the pre-service teachers’ experiences in lesson 12 and 15 did. Finally, an understanding of the
fundamental idea that if a properly selected sample is representative for the population it can be used
for an inference, might be conditional for understanding other ISI concepts. While part of the pre-
service teachers seemed to understanding this idea, part of them did not. Lacking this understanding
might hinder them in teaching ISI.
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