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Covariational reasoning can already be enhanced in primary school. Anyway, given that pupils do not
know conventional notations like coordinate systems in the first grades, addressing ideas of covariation
is a challenging task. In our study, we show that 1% graders’ (6-7 years) ideas of covariation already
exist in a precursor way and can be addressed by specific tasks based on data from Gapminder’s photo
database Dollar Street. Using a design-based research approach, we developed and implemented semi-
digital learning trajectories to enhance pupils’ data literacy at a very early stage. Interactions between
young learners are observed to gain insights (a) into their covariational thinking when working on these
specific tasks and (b) for iteratively re-designing the learning trajectories. Our observations define an
early starting point for learning processes of covariational reasoning and the learning trajectories give
opportunities to address issues of sustainable development.

INTRODUCTION

Many decisions in politics, social sciences, medicine, and economics are based on data.
Especially in these days of the Covid-19 pandemic, a competent use of data is becoming increasingly
important. Citizens’ understanding of data is essential to ensure a joint, purposeful approach to face the
pandemic. In general, data literacy is a crucial ingredient to become an engaged citizen (Engel, 2017).
Therefore, statistical thinking should be encouraged as early as possible, preferably in primary school
(Leavy et al., 2018). For adequate understanding and motivating enquiry, young pupils can already
explore meaningful and large data sets at primary level (Frischemeier, 2020). To explore meaningful
and large data sets and to find interesting insights and relations in the data, the use of digital data analysis
tools is useful and necessary. The ProCivicStat project has developed plenty materials (https://iase-
web.org/islp/pcs/) to teach and bring fundamental statistical ideas in the frame of civic statistics into
classrooms, which comprise the field of migration, health, and poverty (Engel, Gal, & Ridgway, 2016).
Variation and covariation are fundamental ideas in statistics (Burrill & Biehler, 2011) and these
covariational issues are — in their formal way — part of the middle or high school curriculum. In this
paper we want to share our research and experiences on how to develop first precursor ideas of
covariation in the context of the sustainable development goals with first grade pupils (6-7 years).

THEORETICAL BACKGROUND AND LITERATURE REVIEW

Our aim to develop first precursor ideas of covariation at an early stage is ambitious. We lay
our theoretical background on three different dimensions. The first dimension is the statistical content
(covariation), the second dimension is the context (sustainable development), and the third dimension
is the digital tool used in the exploration phase (Gapminder). We will elaborate on all three dimensions
in the following shortly.

Statistical dimension

According to Burrill and Biehler (2011) fundamental statistical ideas are data, distribution,
representation, variability, and others. To educate young learners who do not possess formal statistical
knowledge, Konold (2002) strongly suggests building on their informal ideas as conceptual foundations
for introducing formal procedures later in school. With regard to associations in data, Konold et
al. (1997) distinguish three types: categorical vs. categorical, numerical vs. categorical, and numerical
vs. numerical. We did not find any studies which address students’ covariational reasoning using
qualitative data such as photos vs. quantitative data until now. In our study we will introduce this case
as well as we will focus on the association between two numerical variables.

Moritz (2004) found four levels of verbal and numerical graph interpretation regarding learners
covariational reasoning, increasing from level 0 — ‘nonstatistical’ and level 1 — ‘single aspect’ over
level 2 — “inadequate covariation’ to level 3 — “appropriate covariation’. Focusing on level 3, Aridor and
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Ben-Zvi (2019) identified two major aspects when students developed their aggregate reasoning with
covariation (ARwC), i.e., reasoning with modeling and reasoning with variability. Moreover, the
authors found the growing samples pedagogy to be supportive for students’ development of ARwC.

The standard display for visualizing covariation in the sense of focusing on two numerical
variables are scatterplots — but many learners face difficulties to interpret scatterplots (Biehler et al.
2018) — and have problems to go beyond a mere reading the data (e.g., Friel et al. 2001; Moritz, 2004).
Therefore Konold (2002) for instance suggests using alternatives to scatterplots as a pre-stage —
preferably to refer the interpretation of scatterplots to well-known situations —which are easier to
interpret, e.g., group comparisons. A similar approach can be found in Cobb et al. (2003). Following
this direction, our idea is to facilitate the interpretation of covariation and refer to already known
situations as well as to refer relationships in quantitative data to qualitative situations.

With this study we want to explore options for addressing the idea of covariation in a precursor
stage, combining qualitative data such as photos of living standards and quantitative data, in our case
income data, in a first step. Building upon that, in a second step, we want to observe whether pupils
intuitively describe ideas of covariation when examining a scatterplot of the same context.

Technological dimension

The use of software is one fundamental aspect for setting up adequate statistical reasoning
learning environments (Garfield & Ben-Zvi, 2008). Software and digital data analysis tools enable
learners to explore large and meaningful datasets and they reduce the cognitive load so that young
learners can concentrate on statistical reasoning rather than on technical procedures. In addition, these
tools help learners to generate multiple visualizations of data. Data visualization tools like Gapminder
(Rosling et al., 2005) are freely available and as Biehler et al. (2018) mention the “use of technology
may also enhance covariational thinking” (p. 182). We see especially Gapminder (www.gapminder.org)
as adequate tool for this purpose because Gapminder includes relevant civic statistics data and offers
the possibility to explore relationships between multiple variables. Moreover, Gapminder’s photo
database Dollar Street (Rosling, 2015) opens opportunities to explore qualitative aspects of data related
to income situations. “[...] It seemed natural to use photos as data so people can see for themselves what
life looks like on different income levels. Dollar Street lets you visit many, many homes all over the
world” (Rosling, 2015). As these Gapminder’s data visualizations are strongly connected to income
levels and, moreover, young learners already have a conceptual understanding of the terms ‘rich’ and
‘poor’, in our study we focus on data visualizations including the variable ‘income’.

Context dimension

In 2015, 193 member states of the United Nations enacted the 17 sustainable development goals
(SDGs) as part of the Agenda 2030 (United Nations, 2015), which should mediate between social,
ecological, and economic issues, worldwide. With regard to sustainable development and education for
sustainable development (ESD), context and contextual knowledge about the environment and the
economy are crucial parts of developing competences in ESD (Rieckmann, 2018). In their meta-study,
Taylor et al. (2019) point out that teachers encounter major problems integrating ESD into their lessons.
The aim of ESD is to support learners in developing competences towards participating in sustainable
development by raising awareness of problems associated with the topic as well as critically reflecting
these issues (Rieckmann, 2018) considering individual points of views and global perspectives. Based
upon these aims, Rieckmann (2018) defined several key competences for ESD, e.g., the competence to
analyze complex systems or forward-looking thinking. In some parts these competences are in
accordance with basic statistical ideas such as, awareness of the nature of data, comparing groups by
centre and spread, ideas of statistical inference or the idea of building statistical models as to regressions.

Researchers agree that a context meaningful to learners is a crucial concern for teaching
statistics (e.g., Aridor & Ben-Zvi, 2019). According to Pfannkuch and Rubick (2002), context and
contextual knowledge is “essential for conjecturing possible relationships within the set of data. Both
contextual and statistical knowledge influenced students’ understanding and interpretation of the data”
(p. 16). In this regard Langrall et al. (2011) showed in their study with middle school students the
positive effects of contextual expertise on in-depth data exploration, especially on drawing and
justifying conclusions. Addressing issues of sustainable development, Andre et al. (2020) also found



IASE 2021 Satellite Paper — Refereed (DOI: 10.52041/iase.kjrrp) Andre, Frischemeier, & Schneider

the context and contextual knowledge to be essential for pupils’ intuitive approaches to statistical ideas
of covariation. Therefore, in our current study we focus again on issues of sustainable development as
the context of pupils’ data explorations, addressing single SDGs.

Taking into account the three outlined dimensions, we can summarize that we will concentrate
on the statistical topic covariation, use the digital tool Gapminder and Gapminder’s Dollar Street and
the context of the relationship between income and some other issues of sustainability. Building on that,
we may generate the following research question: In how far is it possible to develop covariational
thinking at an early stage (6 ages) using Gapminder’s data visualizations and the photo database Dollar
Street while addressing issues of sustainable development?

METHODS AND IMPLEMENTATION

This report deals with the first phase of a three years’ design-research project (Bakker, 2018)
aiming to combine education for sustainable development and statistics education in primary school.
Based on earlier studies (Andre et al., 2020), our aim in the current project is to develop learning
trajectories for primary school pupils to enhance their statistical reasoning while addressing various
sustainable development goals in depth. From our earlier studies we already know the ideas of
correlation and regression to be intuitively evident in many of the Gapminder bubble charts. Therefore,
besides designing practicable learning trajectories, we target to further develop theories on young
learners’ covariational thinking with our project. Primary school teacher students were involved in the
design process and the classroom implementation of the learning trajectories.

As part of a seminar on statistics and probability, six primary school teacher students were
guided to create virtual learning trajectories addressing young learners’ statistical thinking and
especially their covariational thinking. Due to COVID-19 regulations in schools, the learning
trajectories were elaborated as homepages so that the implementation could take place both, in presence
and virtually. In advance, students were introduced to the theoretical background of young learners’
statistics education and the software h5p. Using this software, students in pairs of two created a digital
learning trajectory, addressing several topics of sustainable development, on the one hand, and statistical
as well as data issues on the other hand. Especially focusing on sustainable development goals,
specifically goal six — clean water and sanitation, goal twelve — responsible consumption, and goal
fifteen — life on land were emphasized.

In this report, we focus on a three weeks’ classroom implementation with four teacher students
in May 2021 at an Austrian Elementary School in three working blocks of 90 minutes’ duration each.
The class was attended by a total of 18 children aged 6 to 7 years, in the gender split of 12 boys and 6
girls. During the implementation phase, teacher students worked in pairs with a group of 9 children each
on their designed learning trajectory. These two groups were further divided into small groups of three
children working together on the learning trajectory with one digital device. Students’ and pupils’
statements were analyzed and translated into English language afterwards.

In the first phase of the implementation, pupils were introduced to the topic, and they got
familiar with the virtual learning trajectories. Self-explanatory videos and posters were used to provide
children with information on each topic. Moreover, bar charts were introduced to the pupils, and they
created and discussed their own bar charts on given data, in this first phase. In the second phase, the
learning trajectories differed from each other. While the focus of the first group was on the display of
contextual data in a circle diagram, the other group focused on the idea of distribution when exploring
diverse issues in the photo database Dollar Street and relating these issues to their own lives. Thus,
children graphically allocated their personal facilities like toys, cutlery, or toilets, in the Dollar Street.
The contents discussed by each group were picked up and deepened in the virtual learning trajectory
using task formats such as cloze texts, multiple choice questions and concrete question-answer options
(true/false). In our research, we did not deepen on these tasks concerning statistical content that is not
directly connected to covariational reasoning. Anyway, these tasks were included to strengthen pupils’
confidence with the context of the addressed SDGs and, moreover, they got to know various data
visualizations concerning these issues.

As a central task for our study, all pupils’ groups should assign different pictures of the Dollar
Street showing, for example, bathrooms or living rooms to the monthly income which could be
categorized in low, middle, or high income. Moreover, bubble charts on the specific SDGs-topic were
shown to the children, displaying the relation of income and CO.-emissions or access to sanitation. The
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teacher students accompanied these two tasks carefully, discussing various aspects with the pupils and
guiding them with questions. Working on these tasks together with the teacher students, some pupils’
statements were recorded to be analyzed later. In the third and last phase, pupils worked in groups to
finalize the tasks and to reflect their working process together with the teacher students.

In our report, we focus on the second phase and especially on the two tasks shown in figure 1.
The first task shown on the left-hand side was to allocate the photos of a bathroom to the according
income. As a second task, the graphic on the right-hand side, was introduced to the children and they
were interviewed by the teacher students regarding their perception of the relationship between the
average income in a country, which is shown on the x-axis, and the share of people who have access to
basic sanitation at least.
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Figure 1. Left: Example of a task relating qualitative data (toilets, bathrooms, and laundry) and
quantitative data (income) to each other. Right: Gapminder’s bubble chart in the same context (income
and access to basic sanitation) to be discussed by the pupils.

Performing a qualitative content analysis (Kuckartz, 2012), we examined the collected data in
two directions. On the one hand, we evaluated the children's actions and statements in terms of their
achievement of the previously stated learning objectives for each task, building two categories, i.e.,
achieved and missed. On the other hand, we analyzed the interviews with the children building the
categories ‘covariation’, ‘causality and variance’, and ‘misconceptions and difficulties’.

FIRST RESULTS AND DISCUSSION

Working on a drag-and-drop task, the pupils had to connect three income levels with
corresponding sanitary facilities (see figure 1). During our observations, all children managed to find
the correct relationships, arguing for example: “Because, they have certainly got a lot of money a month
for that nice toilet" or “The toilet and the bathroom is really large.” Another pupil justified the choice
of a small income: "Because they get almost no money [...] it's just something where you have to sit
outside."

Some pupils also mentioned aspects of causality and variance, stating that richer people do not
necessarily have to own a nice bathroom as well, as this dialogue shows:

Interviewer: "Do you think that families with more money always have a nicer bathroom?"

Child: "No!"

Interviewer: "Don't you think so? So it could be that people with less money have a nice toilet?"
Child: "It could be. (...) Some people don't buy a nicer toilet but spend more money as family budget."
Interviewer: "So don’t you think that high income always comes together with a nice toilet?"

Child: "No!"

Another pupil answered the question ,,The richer a person is, the more likely does the person
have an own bathroom?” with “Yes, but just more likely”. The question “Do rich people always have
nice toilets?”” was answered by another pupil with “Could be, but not necessarily”. Thus, an important
aspect of our analysis concerned causality and variance, which was inherent in many statements.

In a later task, pupils were interviewed on a bubble chart. One group of teacher students used a
bubble chart in the context sanitation facilities (see fig. 1). Another students’ group interviewed the
pupils on a Gapminder’s bubble chart showing the covariation of income and CO-emission. With the
help of the students, in both cases many children were able to read the two dimensions of the scatterplot
graphics, correctly interpreting the position of certain points in the scatterplot. We also found some
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pupils’ statements like “When they earn a lot of money, they can buy a toilet and when they don’t have
much money, they can’t.” Examining the scatterplot, another pupil reasoned "Because through the
money they buy toilets and if they have so much money, then additionally [they buy a] tidy apartment.”
Dealing with the covariation between CO>-emissions and income of the various countries, we found,
too, that the interviewed children correctly interpreted the position of points in the scatterplot but in this
group, pupils did not formulate sentences of the form “the higher ... the more”. Asking our teacher
students for possible reasons, they supposed that CO-emissions were an unknown term to the children
and therefore the children could not find appropriate argumentations or reasons for such a covariation.
Additionally, we found that children were also confused by the large amount of information
given in the Gapminder’s bubble chart in the beginning. Many children interpreted the size of the
bubbles, which actually stands for the population size, as a country’s income level. Others were attracted
by the colors of the bubbles and examined more geographic issues. Only with assistance of the teacher
students, some of the children could also interpret most information of the bubble chart appropriately.

CONCLUSION

Aiming to explore opportunities to address young children’s precursor ideas of covariation, with
our study, we introduced the idea of integrating qualitative data in children’s learning processes of
covariation. Thus, all pupils were able to reason with covariation when examining income and photos
of people’s living standards such as bathrooms, toilets, or laundries. Without deep scaffolding, they
argued relations between income levels and sanitation facilities, but they were carefully when expressing
causalities. Applying the classification by Moritz (2004) on the children’s precursor ideas of covariation,
many of the children reached level 2 or 3, interpreting the covariation between photos of living standards
and income appropriately in many cases. Furthermore, as described by Aridor & Ben-Zvi (2019), we
also found reasoning with variability to be important for their development of covariational reasoning.

Working with Gapminder’s bubble charts in a second step, children needed guidance and
scaffolding in many places, sometimes they misinterpreted aspects of the graphics, and especially in the
case of COz-emissions they did not clearly express reasoning with covariation, although the scatterplot
is showing better the idea of covariation than the one displaying income and sanitation. The children
did not fully understand what CO,-emissions are, while the context of sanitation was known from the
tasks before. Therefore, we conclude that the level of children’s abilities to interpret scatterplots strongly
depends on children’s knowledge of and confidence with the context. Anyway, with no statistical focus
or a focus on single points, their abilities to interpret scatterplots did not exceed level 1 in many cases.

From our observations we conclude that the approach of including qualitative data to address
young children’s precursor ideas of covariation can contribute to their development of covariational
reasoning. Based on these experiences and to deepen insights into the children’s reasoning processes, a
re-design of the learning trajectories will include negative covariation (e.g., Moritz, 2004) and aspects
of growing samples pedagogy (Aridor & Ben-Zvi, 2019). Furthermore, we will deepen data collection
regarding pupils’ reasoning with modeling and variability. Finally, we will continue to address the
context of sustainability, giving opportunities to deepen teacher students’ and pupils’ awareness and
knowledge of these issues and opening a broad field of topics highly relevant for future generations.
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