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Abstract. While on the labour market there is a high demand for em-
ployees educated and skilled in the field of natural sciences, engineering
and information technologies, a lack of interest in these fields of expertise
can be identified in young people. The aim of our research is to leverage
a scientifically founded and empirically validated approach and contri-
bution towards promoting interest and motivation in dealing with data
science and scientific and technical subjects. To this end a novel peda-
gogical approach and a related learning environment has been developed
and used in a first pilot phase. This approach was implemented using
research and exploration questions on weather forecasts and data from
temperature measurements as an example pedagogical scenario. The pi-
lot study was executed in real-world settings of three primary and two
secondary schools. The results demonstrate high interest and motivation
in the science project and related data science tool.

Keywords: science learning, digital literacy, inquiry-based learning, data
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1 Introduction

While on the labour market there is a high demand for employees educated and
skilled in the field of natural sciences, engineering and information technologies,
a lack of interest in these fields of expertise can be identified in young people
[5]. Interests of pupils in these subjects and professions is declining steadily from
primary level and at the transition to the secondary level. Therefore, there is a
need for innovative didactic approaches that are suitable to engage and motivate
young people.

This paper describes an initiative that aims at stimulating young people’s
interest and motivation in dealing with natural science topics and thereby shall
foster competence development in scientific and digital literacy. In contrast to
other Science, Technology, Engeneering, and Mathematics (STEM) education
approaches, such as the use of online laboratories [10][6], our approach focuses
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on the integration of real world natural science experiments with data science
activities.

While learning and teaching data science is well established at university
level, there are almost no pedagogical approaches to teach and learn basic data
science principles in primary and secondary schools. This paper presents a ped-
agogical model and an application to teach and learn basic data science skill at
schools.

This approach is elaborated and implemented for different thematic areas
and empirically deployed and tested in the context of primary and secondary
schools. Piloting phases involving trained assistant teachers enable an iterative
evaluation and refinement of the approach. The digital learning environment
and didactic concept with accompanying material will be provided to schools for
application in educational practice.

This paper is structured as follows: The novel pedagogical approach is de-
scribed in Section 2. An application to a concrete pedagogical scenario with a
supporting learning environment is described in Section 3. The evaluation of the
first pilot study and respective results are reported in Section 4. In Seciton 5 a
conclusion and outlook to future work is provided.

2 Theoretical Foundation

The key approach proposed in this paper to teach and learn data science skills
is based on the combination of data science with natural science. While almost
no pedagogical approaches are available to learning data science at primary and
secondary school level, a lot of pedagogical research exists for learning natural
sciences at this age.

2.1 Inquiry-based Learning

A pedagogical approach often applied in the field of science teaching is Inquiry-
based Learning. Anderson [1] proposes to apply scientific inquiry in the learning
context. Scientific inquiry refers to the diverse ways how scientists study and
explain the natural world. Applying this process to the learning context leads to
an active learning with distinct learning activities. In general, Anderson reports
positive effects of this way of learning and teaching on student achievements.

Four levels of inquiry are distinguished in the literature, according to the de-
gree the teacher is involved in the learning process [2][9]. In level 0 (verification)
the teacher provides the research questions, the data, and supports the inter-
pretation. In level 1 (structured) the teacher provides the research question and
data, but the student is responsible for the interpretation. In level 2 (guided) the
teacher provides the research question and the student is responsible for data
collection and interpretation of the results. In level 3 (open) the student is re-
sponsible for the research question, data collection and result interpretation. In
a quantitative study [2] it turned out that especially level 2 approaches (guided)
of inquiry instruction have positive effects on student learning.
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A method to implement inquiry-based learning in science teaching is the
use of the 5E Model [3][9]. The 5E model describes five subsequent activities
(phases) that students should perform in science learning. In this way it provides
a template or pattern for lesson planning, and supports the teacher in the science
teaching process. In detail the activities (or phases) are:

– Engagement. In this phase the student’s interest is stimulated. Questions are
raised and connection to prior knowledge is established.

– Exploration. In the exploration phase students begin to investigate a prob-
lem, pose real-world questions, and develop hypotheses. Furthermore, they
perform scientific and laboratory tasks.

– Explanation. In this phase the students develop explanations for their ob-
servations. They discuss what they have learned and internalise what they
have learned.

– Extensions. In this phase students generalise their understanding and trans-
fer it to real knowledge, in order to understand real-world problems.

– Evaluation. In this phase students compare their previous knowledge with the
new knowledge. This phase increases the depth of understanding as students
have to apply metacognitive skills.

2.2 Data Science Process

Data Science is an emerging field in computer science and used for many appli-
cations. Typically, it is employed to answer real-world problems by using large
amount of data. These data are of different type (e.g. structured, unstructured,
text). Data Science is applied in several steps, which is described as the data
science process [4]. This process consists of the following steps:

– Research goal. In this step the problem to be solved is framed.
– Retrieving data. In this step the raw data are collected.
– Data preparation. In this step the raw data are cleaned and prepared. For

example, questions on the time zone, missing data, data range are dealt with.
– Data exploration. In this step the data is explored in order to get a first

overview and insights. Initial trends can be seen and a first relation to the
research goal is made.

– Data modelling. In this step a in-depth analysis is performed, such as machine
learning or statistical algorithms.

– Presentation and communication. In this step the results from the analysis
are documented and shared.

2.3 Data Science Learning Model

The combination of Inquiry-based Learning (i.e. the 5E Model) and the Data
Science Process, as outlined above, build the foundation for a new pedagogical
approch. This approach consists of five steps, whereby all activities or steps
from the 5E model and the Data Science Process are mapped and integrated.
An overview of this approach is depicted in Figure 1. In detail these steps are:
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– Engagement and research question. In this step the student is pre-
sented with the science problem and asked to take up a pre-defined research
question.

– Data collection. In this step data is collected in the real world and entered
in a computer system.

– Data organisation. In this step the collected data is reviewed and or-
ganised, which includes filtering the data according to criteria such as time
range. Furthermore, students get an overview of the available data.

– Data exploration. In this step data is interactively and visually explored.
Interactive data visualisations and diagrams help to understand the data
and to answer the research question.

– Research result and presentation. The answers to the research questions
are presented and conclusions on the overall research goal are drawn.
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Fig. 1. This figure depicts the Data Science Learning Model with steps and activities
integrated from the 5E Model and the Data Science Process.

Since previous research has shown that a guided approach to Inquiry-based
instruction is most effective, meaning that a teacher should provide the initial
research question, but the student should independently collect and explore data.
This concept is also applied to the our Data Science Learning Model application,
where we suggest a teacher providing information only for the first step (research
questions).

3 Application and Learning Environment

This section describes how the Data Science Learning Model for learning basic
data science concepts has been applied. This application consists of two parts.
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First, it is explained how the science goal and science context is included in a
scenario and how this is embedded in the procedure of the pedagogical approach.
Second, the learning environment is presented that was used for the pupils to
deal with the data.

3.1 Scenario and Procedure

The domain of meterology has been chosen for translating the data science learn-
ing model into a concrete pedagogical scenario and application. In detail, the field
of weather forecast and testing its accuracy was the theme of the experiment.

In the first step (engagement and research question) the children are provided
with a weather forecast of the upcoming week, which included the minimum and
maximum temperature for each day, as well as the forecasted weather condition
(e.g. sunny, cloudy, rainy). A teaching assistant discusses the research question
with the children. The research goal is to explore and prove to which extent the
forecast is reliable and and whether accuracy decreases the further you get into
the future.

In the second step (data collection) the children have to collect weather infor-
mation several times a day. For this reason they are equipped with a micro:bit
(see Figure 2) to measure the current temperature. Furthermore, they collect
information on the weather condition (sunny, partially cloudy, cloudy, rainy,
snowy) by observing the sky. They enter this information in the learning en-
vironment together with the information about date, time, and measurement
instrument (e.g micro:bit).

Fig. 2. This figure shows the micro:bit together with the enviro:bit and a battery pack,
as it can be used for measuring temperature.

In the third step (data organisation) the children get an overview of the
collected data in the learning environment. The number of entered data sets
(measuring points including temperature and weather condition) is shown on a
time range. They can filter, remove, and update measuring points in case they
contain unrealistic or false information.

In the forth (data exploration) step the children are provided with an inter-
active visualisation that displays the collected measuring points and the original
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weather forecast in the same diagram. The children can interactively switch be-
tween week view and day view, and they can hide or show minima, maxima,
and collected measuring points. This visualisation is used to answer the research
question on the forecast accuracy. Details on the visualisation are explained
below.

In the fifth step (research result and presentation) the children present the
result of their conclusion on the forecast accuracy. They are presented with spe-
cific questions which they answer in a kind of presentation. In order to create this
presentation, they can download specific views of the interactive visualisation.

3.2 Learning Environment

The learning environment is the tool for the children to develop and improve their
data science skills. It allows to collect, organise, and explore data, as described
in the pedagogical approach (step 2–4). Thus it supports children to establish
relations between the natural world, their observations, and research questions
on the one hand, and collected data on the other hand.

Besides data collection and data organisation as described in Section 3.1,
the key functionality is the data exploration tool. This tool allows to interac-
tively explore the collected data on a time axis for one week (see Figure 3). The
measured temperatures are depicted as yellow dots that can be clicked for get-
ting more details (time, weather condition, measurement instrument). On the
same visualisation the forecasted minima and maxima are displayed as blue and
red bars. This visualisation makes it easy to see if the measured temperature is
within the forecast range. On top of the visualisation there are buttons to show
or hide the temperature data, as well as the forecasted minima and maxima. By
clicking on the weekday on the bottom, the respective weekday view is displayed
(see Figure 4). The day view visualisation shows the measured temperature on
a time axis for one day and provides the same interactive features as the week
view visualisation.

The learning environment provides two further main functionalities. First,
it provides a user registration and management tool. Users can register either
alone or as group. During the registration process, the children can select an
indiviudal icon and a name. Both an own icon and name is an instrument to
stimulate motivation through a simple personalisation. Providing support for
learning groups is also a method to increase motivation and learning outcome.

The second main functionality is the collection of log data. Each activity
a child performs with the learning activity is recorded. Recorded activities in-
clude login, logout, enter new data set, select week view, select day view, request
data set detail, show or hide forecast. These data are used for activity analysis
(see Section 4) and for feeding the teacher tool. The teacher tool (see Figure 5)
provides an overview of the activities of all learners or learning groups. It dis-
plays how many data sets have been entered and how many activities have been
performed in the learning environment. This allows the teacher to trace the ac-
tivities and quickly detect if learners or learning groups are inactive and need
further support.
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Fig. 3. This image shows the measuring points in combination with the weather fore-
cast for one week.

Fig. 4. This image shows the measuring points in combination with the weather fore-
cast for one day.

Fig. 5. This image shows the teacher tool with an overview of learning groups and
their activities (number of collected data, number of performed activities).
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The learning environment is implemented as Web application with a service
in the back-end that stores all data. The Web application follows the responsive
design paradigm and can be accessed with any Web browser on any device. It
is important to note that the learning system does not collect real names or
other information that can be used to identify indiviudal children. All collected
information is anonymous and adheres to the GDPR.

4 Evaluation

The Data Science Learning Model (Section 2) and its implementation in the ex-
ample pedagogical scenario and application (Section 3) was deployed and tested
in a school context in November and December 2019.

4.1 Participants and Procedure

Children from five different schools (two primary schools and three secondary
schools) participated in the evaluation. At each school two classes attended the
evaluation, which resulted in ten classes. At both school types third-year grade
classes were involved, which means that children at the primary schools were
app. 8 years old and children at the secondary schools were around 12 years old.

The total number of children were 173, where 70 children were from primary
schools and 103 children from secondary schools. All children were assigned to
learning groups of three or four children per group.

The pedagogical intervention and evaluation took place during school lessons.
The pilot covered 3 sessions spread over a total of 1 week and were managed
by teaching assistants. At day 1 the children were provided with a weather
forecast, the research goal, general weather information, and explanations how
to collect data in the following week. After a few days the teaching assistants
visited the classes again and helped them to enter the collected data in the
learning environment in case of problems. In the final session the results were
discussed and the learning groups drew conclusions on their research questions
in final group presentations. In this way they followed the whole pedagogical
approach. Feedback about the learning experience was collected from the school
children as well as from the teaching assistants.

4.2 Interest

During the sessions, children had been asked about their situational interest
on the different learning activities. The children indicated their current inter-
est on a Likert scale from 1 (low interest) to 5 (high interest). The results are
depicted in Figure 6. As can be seen, a high interest could be identified through-
out all aspects of the pedagogical scenario in primary/secondary schools (use
of microbit: M=4.8/4.1, use of learning environment: M=4.45/4.1, data collec-
tion: M=4.1/3.45). Thereby primary school children had higher interest than
secondary school children and interest in the micro:bit was higher than in the
learning environment and in the data collection process.
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Fig. 6. This diagram shows the average interest and motivation of the children during
the evaluation.

4.3 User Experience and Usability

For evaluating user experience with the learning environment in general and
with respect to usability aspects, two general questions on enjoyment and an
adapted and shortened version of the User Experience Questionnaire (UEQ -
based on [8]) was used. In total 6 items (each item consisting of a pair of terms
with opposite meanings - e.g. good - bad) of the subscales ’attractiveness’, ’per-
scpicuity’ and ’stimulation’ from the version for children and adolsecents [7]
were used with a 5-point Likert scale ranging from -2 to +2. The results from
the UEQ are shown in Figure 7 and represent a quite differentiated picture for
the two school types. Primary school children perceived the learning environ-
ment very positively on all three aspects, while secondary school children were
rather critical in their assessment, especially with respect to attractiveness. This
may suggest that the visual appearance and design of the learning environment
is more appropriate for younger children. The results on items gathering general
assessments on enjoyment (possible score range 1-5) showed that the pupils in
general enjoyed the work with the learning environment (M=4.58, SD=1.03 for
primary school; M=3.69, SD=1.27 for secondary school) and that they would
recommend the overall learning experience to others (M=4.3, SD=1.09 for pri-
mary school; M=3.36, SD=1.25 for secondary school), but again with better
scores for primary school children.

Feedback from teaching assistants on the experience and use of the learn-
ing environment showed quite consistent assessments independent of a primary
or secondary school setting. Results are therefore summarized over school types
and presented in Figure 8 (possible score range 1-5). Teaching assistants felt that
learners enjoyed working with the learning einvironment the learning environ-
ment very much and that it was easy to handle for them. Difficulties in dealing
with the app and resulting need for assistance were rather rare.
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Fig. 7. Results on the subscales of the user experience questionnaire.

Fig. 8. Overview of results from a teaching assistant perspective.

4.4 Usefulness

From the didactic perspective the learning environment was perceived very well
suitable for implementing the data science learning model and did not lack any
important functionalities. The feedback obtained from teaching assistants fur-
thermore also highlights childrens’ high readiness to work with the learning en-
vironment and its good correspondence to learner needs (see Figure 8).

Usefulness for learning had also been assessed from the school childrens’ per-
spective. Children from both school types agreed that they have learned many
new things, with primary school children benefitting more from the overall peda-
gogical intervention (M=4.4, SD=0.93 for primary school, M=3.54, SD=1.08 for
secondary schools). Children from both school types indicated that they had un-
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derstood the learning contents very well (M=4.52, SD=0.68 for primary school,
M=4.1, SD=0.96 for secondary school). The evaluation outcomes thus give first
evidence that the overall pedagogical approach, in general, and the learning en-
vironment, in particular, are a useful and enjoyable approach for learning.

4.5 Activity Analysis

During the pilot sessions the learning environment recorded different types of
activities (number of collected weather data sets and interactions with the vi-
sualisation module). As learning took place in groups and each group used one
computer (mostly tablets), the analysis was made on group level. The result of
this analysis suggests high engagement. On average groups at primary schools
collected 20.1 data sets (SD=13.1) in one week and groups at secondary schools
collected 16.2 data sets (SD=7.7). The average number of all activities is 122.8
(SD=79.1) at primary school level and 110.9 (SD=83.2) at secondary school
level. These values demonstrate active participation, whereby children at pri-
mary level were slightly more engaged than pupils at secondary level. Further-
more, the high standard deviation value indicates indiviudal differences.

5 Conclusion and Outlook

This paper presented a novel approach to data science learning for school chil-
dren. While data science is a very complex field, basic steps can be identified and
elaborated in a way that school children can be engaged with them. The concept
for this approach consists in the integration of Inquiry-based Learning and Data
Science Process in the context of science teaching. This integrated approach was
used to define individual steps in the learning process. A learning environment
supports these steps of the learning process with the help of interactive visuali-
sations. A key feature is the fact that the data to be explored are collected and
recorded by learners themselves, which makes them more tangible for children.

An initial deployment and evaluation in educational practice showed high
interest and enjoyment of children in the learning activity and the usefulness
of the overall approach. User experience of the learning environment showed
that the appearance and design seem to be more approriate and therefore more
positively perceived by younger learners. This also suggests the considerations of
using a different and more sophisticated design and features for older learners.

While the results presented herein focus on the subjective reaction to and
perceived usefulness of the learning approach, future work will incorporate also
the analysis of effects on data science skills, for a more conclusive demonstration
of the effectiveness of the presented approach. Such an assessment will include
knowledge and understanding of diagrams, filtering and cleaning data, and un-
derstanding different views of data. Currently, the application and evaluation in
the context of another pedagogical scenario on a biology topic (plant life cycle)
is in peparation.
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