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Abstract

The paper suggests a critical view on various formats of didactic materials - from classical and electronic textbooks to
digital educational courses. The educational value of a digital educational program is mostly determined not by its media
saturation or the abundance of applied online materials, but by an elaborated didactic concept, which development can
be a complicated epistemological task. Using the example of the authors’ educational program in Data Science and
Machine Learning for secondary school (900 participants) employing social-economic datasets, it is showed how
epistemologically complex problem-solving curriculum can be implemented. A possibility to change how working with
data and information are handled so that students can reconstruct a school subject, including a design of a customizable
digital resources that may replace classic textbooks is discussed.
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Within the framework of the traditional ‘classroom-lesson’ organization of learning, knowledge is
represented by a textbook as a specific model of the subject matter. The structure and content of such model
depend on the methodology used by the textbook’s authors, their competence, their principles of selection
and construction of texts and visual materials. Under these conditions, any knowledge is subject to a certain
reduction, and in the worst case, to substitution of both widely accepted and competing scientific concepts

with one of possible approaches to their interpretation.

The standards of e-books that spread more than a decade ago and picked up by publishers have hardly met
the hopes that digital textbooks would provide advantages in learning. Today many of them are merely digital
wrapping of pre-existed printed textbooks. “Textbooks of the twenty-first century” designed with thoughtful
and consistently implemented didactic approaches that employ the potential of digital technologies for

learning and teaching still remain a desideratum for educators, students and parents (Behnke, 2018).

The growth of the market for mass online courses that began in the 2010s, the visioning of the Al-driven
intelligent tutoring systems and adaptive learning in schools (Luckin et al, 2016) have not yet led to shifts in
mass school education. Today, the practical implementation of a personalized learning model based on digital
platforms is often implemented as an excessive scope of tasks with different levels of complexity, where a
student can choose which tasks to solve at every level. The performing of complex problem-solving or
creative tasks is encouraged but is not always obligatory. No matter how media-intensive or visually rich the
resources of the online course (hypertext, animation, video, etc.) are, for the students it often remains a
sandbox, fenced off by the formal requirements of the school curriculum. The abundance of links to external
sources "for self-study™ does not guarantee any advantage in terms of academic achievement or personal

development of the student.

Purpose and objectives of the study

The aim of the study is to identify and test the possibilities of using open data and methods of their analysis
for the design of educational programs addressed to secondary school. Particular attention is paid to the
creation of a digital educational environment, rich in cognitive resources and attractive areas of self-

determination, which allows to manage the independent educational activities of students in a distance mode.

Literature review

Several studies (Hofer, 2004, p.53) show that if students perceive knowledge on some issue as simple and

finite, their search activity on the Internet will be short and superficial, and they will tend not to carry out a
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profound research with the integration of information from different sources. This and other examples (Kuhn
et al, 2000; Smith et al, 2000; Mansfield & Clinchy, 2002) prove that not only complex online learning
activities, but a routine Internet search involves student’s epistemological thinking. A number of studies have
also shown a link between the epistemological thinking of students and their academic achievement (Conley
et. Al, 2004; Mason & Scirica, 2006).

In our opinion, whatever the media "wrapping" of the educational course, it is important to use open, design-
creative educational tasks, the construction of which poses epistemological questions for developers and for
the students. The creation of such didactic tools based on complex epistemological concepts bears significant
difficulties, in particular, the need to select high-quality content. On the one hand, it should contain reliable
information and methodologically correct ideas about a particular subject area, on the other hand, be
perceivable for the student. An example of a solution to this problem can be the intensive educational program
“Data Campus”, which integrates training in data analysis with team research and applied projects in the

social and humanitarian sphere (Glukhov et al., 2020).

The approach of the authors of the “Data Campus” program is to some extent similar to the initiatives
described in the literature for teaching schoolchildren in data science in Europe and the United States. An
interesting experience is described in the article by Bryant et al. (2019), who organized a weeklong teen camp
focusing on programming and data science “for the public good”. Instead of entertainment (robots, games,
coding for Minecraft), epy students explored computational approaches to data science through working on
topics of public interest, discovering how computing helps them not only better understand social issues, but
also convince others to solve problems. The authors distinguish four levels of activity in their camp, which
make it possible to draw the attention of adolescents to socially significant issues: (1) redefining their existing
project for the good of society; (2) create a new project for solving a social problem; (3) a real-world case
solved as an exercise; (4) not just an exercise, but a stakeholder-driven project to solve a real problem with
real benefits.

This example can be attributed to a type of educational initiatives that focus not on mastering technical skills
of data analysis, but on the overwhelming development of “critical data literacy” for public good and
enhancement of civil rights (Wise, 2019). Practitioners and researchers in this field often address to open
government and international data on a wide range of issues of high public interest (Pangrazio & Selwyn,
2019). Data journalism programs (Hewett, 2016; Burns & Matthews, 2018; Graham, 2018), workshops for
non-profit organizations and community activists (Fotopoulou, 2020; Carroll et al, 2019) are examples of

initiatives aimed at increasing data literacy among community groups.
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Methodology

The research method was an ascertaining experiment, which was aimed at testing the educational program
"Data Campus" under the conditions of both full-time term and a distance course. Depending on the format,
the duration of the program ranged from 40 to 70 academic hours. The main sections of the program were
presented by the themes "Socio-economic situation of the regions of Russia" and “"Programming for Data
Science and Machine Learning”, given in the format of lectures, master classes, teamwork and presentation
of analytical projects.

When shaping project teams, the students were asked to suggest any topic in one of the following areas (but
not limited to them): Science and Education; Law Enforcement System; Healthcare; Culture; Ecology and
Natural Resources; Economy, Industry and Trade; Agriculture; Transport and Energy; Finance;

Communication and Information Technology.
The educational objectives of the program were as follows:

- to create conditions for independent probe-and-design activity in the field of Data Analysis and computer-
aided learning, which includes setting a problem, formulating of analytical hypotheses based on real
management problems in the social and economic sphere, analysis of available datasets, their interpretation

and development on their basis of management scenarios for solution of the task;

- to create didactic conditions for formalizing the experience gained, the applied thinking patterns and
organizing activities, with subsequent self-determination in the areas of data analysis, computer-aided

learning as the chosen professional sphere;

- to form and maintain a cognitive and research interest in Data Analysis as a professional field and as a type

of practice procedure - throughout the duration of the whole educational program;

- to provide an acquaintance with the mathematical foundations, basic methods, techniques, tasks and
problems of modern data analysis and computer-aided learning, as well as with the most likely development

trends in this area and points of growth (mainly through the organization of students' own research activities).

900 pupils of 8-11 grades of schools of the Kemerovo region took part in the ascertaining experiment in the
period from 2019 to 2020.

Results



Andrey A. Deryabin, Aleksandr A. Popov / Proceedings TSNI-2021 5

“Data Campus” was held both offline and online. In the latter case, the work was organized on the basis of
Google Workspace, and the participants worked on their projects as part of geographically spread teams,
communicating via video conferencing and chats via desktop and mobile devices. Collaboration of teams on
the program code is carried out using Google Colab. All digital content required within the program is placed

in Google Classroom, where progress is monitored, and individual and team achievements are assessed.

From the very beginning at "Data Campus", the participants do not immediately begin to program and
analyze data arrays. First of all, the student is asked what problems of regional development are of concern
to him. Among such problems, there can be completely different ones: social, demographic, medical,
environmental, political, and so on. As a start, through discussions and analytical sessions, the teams perceive
the problems of life and activity chosen according to their interests, work with a variety of regional analytical
materials on that issues. They develop an assessment methodology which will provide them with evaluation

of the level of significance of the problem for different territories.

In order to successfully master data literacy, being opposed to Data Science as a field of professionalization,
the students are not required to get deep knowledge in mathematical apparatus and specialized software, but
to acquire a combination of basic knowledge in this area with the ability to analyze. The dependence of more
and more areas of our life on data actualizes such personality characteristics as critical and quantitative

thinking in a comprehensively developmental context.

The students must independently set an educational and research task. In this regard, they receive an
instruction like follows: “With the data available each group must formulate a grounded hypothesis that
reveals some aspect of socio-economic reality. This can be the identification of connection, pattern, trend,
or otherwise. You can use any data, include any features in your dataset, find any dependencies, build any
models. By means of data analysis, you must confirm or refute your hypothesis, interpret the result of your

research, propose a management solution to the problem®.

Only after the team has decided what task it will work over, the participants have a need to work with data.
And only at this stage, the study of programming tools for working with data begins, since these tools act as
a key and a means of analysis within the framework of more voluminous and exciting problems for

participants. At this stage, they understand how Data Science will help them in solving specific cases.

The participants of the "Data Campus" are provided with an excessive number of datasets based on open
data (‘open data’ is a concept reflecting the idea that certain data should be freely available use and further
republishing without restrictions for copyright, patents and other controlling mechanisms (e.g.

http://opendatatoolkit.worldbank.org/en/essentials.html). In addition, they can use any data they find to solve
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their cases. The prepared datasets are, in most cases, "raw", unprocessed in nature, because processing,
analyzing and interpreting such data helps students improve critical thinking skills, deepen their subject
matter knowledge, and connect their quantitative analytical skills with Data Science and Machine Learning
methods (Erickson et al, 2018; Kjelvik & Schultheis, 2019; Hardy et al., 2020).

The result of the program was completed student projects in data analysis and machine learning. We can

give as an example the themes of some data projects made by students of the Data Campus:

1. Analysis of correlation between morbidity and environmental conditions in the regions.

2. Prediction of pass rates for universities in the region.

3. Analysis of the relationships between the Index of Happiness and economic variables.

4. Analysis of employment and outflow of young specialists in the regions of Russia.

5. Analysis of poverty and identification of vulnerable groups of the population.

6. Analysis of life expectancy, population size and ecological situation in the regions of Russia.
7. ldentification of forest fires by aerial photography, fire hazardous regions and analysis of the causes of
fire hazard.

8. Screening for pneumonia by X-ray photos.

9. Screening for skin cancer by photographs.

10. Predictive analytics of the choice of the level of education by school graduates in the region.
11. Classification of architectural styles by photography.

12. Forecasting the average monthly salary in the regions of Russia.

13. Analysis of the factors affecting the popularity of massive online courses.

14. Classification of household waste by pictures.

Discussions

Modern communication technologies and patterns of cultural reproduction over the past two decades have
changed the way people communicate, raising important questions about the philosophy of the educational
process. The traditional ontology of education assumed that it is realized in the mode of the controlling
activity of a teacher regarding the goal-setting of students, the sequence and content of their activities. But
the rapid digitalization of the educational environment makes it more important to manage the conditions of
independent educational activities of maturing learners. It is carried out by creating a "programming space"
that allows to independently design educational situations in the conditions of maximum availability of the

necessary cognitive resources and attractive areas of self-determination (Uvarov et al., 2019. Pp. 181-235).
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Data and tools for their analysis as components of a modern, data intensive digital environment are one of
the key resources of this process (Cope et al, 2020). They provide an epistemological transition from direct
control of student’s activity to creating systemic conditions for the learner to define his own transformative

actions and master the management over these activities.

However, nowadays the curriculum of the school discipline "Informatics™ contains data science and machine
learning as just partial components of the basic curriculum. They are taught outside the context of creative
problem-solving tasks or projects. Needless to say, they are not considered as factors giving rise to a
fundamentally new epistemological paradigm either. At the same time, the amount of available information,
open data and the means of their analysis allow a learner to operate with a much larger amount of knowledge
than it was traditionally possible twenty years ago. In this regard, the philosophy and sociology of the
educational process must change accordingly. These changes should affect not only the educational content
given by the teacher, or characteristics of the educational space determined by her, but the principles and
tools of working with data and information, which enable students to acquire necessary knowledge and

reconstruct their personal ontology.

Open data and the tools for their analysis available today are a powerful resource for organizing learning in
the open, activity-based approach. They give students the opportunity to independently select material for
the study based on open publications and data in the mode of creative-project activity. In fact, we can talk
about the independent work of students in the design of a school subject. Of course, such work should be
facilitated by a teacher, and it should be preceded by the building of the supporting content components of
the studied subject as both a system of scientific knowledge and a specially organized space for the student's

independent activity.
Conclusion

Data analytics, used as an educational tool by the students, can contribute to making education truly open,
that is, firstly, being based on the maximum consideration of all aspects of the personal capabilities and
deficits of the maturing person; secondly, allowing him to solve the maximum possible range of educational
tasks based on the maximum possible range of sources; thirdly, independently, without external control,
make decisions regarding the strategy and tactics of educational advancement. But this will require both the
introduction of new technological solutions and measures to develop students' instrumental competence - the

ability to use data analysis and modeling tools for the purposeful solution of the assigned tasks.

The functions of open data and their analysis as a cognitive toolkit that expands the activity-targeted

orientation of students' learning opportunities can be summarized as follows:
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1. Reconstruction and design of educational material imputed for mastering by educational standards (in the
limit - the design of optimal textbooks for each student). This actually makes it possible to make activity-

based, not translational forms, basic and decisive in education.

2. The possibility to get basic knowledge in the process of acquisition of the maximum volume of relevant

data, but not limited and "prepared” material from textbooks.

3. The ability to successfully conduct educational research, prepare for participation in olympiads and

competency contests.

4. The ability to optimally select educational texts and interactive educational materials for the
implementation of an individual educational trajectory, first of all, in connection with the preferred

professional field and those requirements for subject knowledge that it will necessitate.
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