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Abstract. The vast volume and storage of data in today’s world have significantly increased public

access to data. However, this trend poses challenges, such as the misinterpretation of data, which

complicates decision-making in all fields that rely on data. On the other hand, the demand for skilled

professionals in this field is exceedingly high. Data scientists and data analysts hold some of the highest-

paying jobs globally. Furthermore, students are also part of this society, and their need to analyze data,

both as citizens and as the future workforce, is a pressing issue. This need has drawn attention to

integrating data science education into schools. The aim of this study is to explore the fundamental

challenges of teaching data science in schools, focusing on curriculum design, data utilization, and

technology. The definition of data science plays a crucial role in examining these challenges. A key

aspect of data science is discovering patterns and generating knowledge using data, which requires

proficiency in disciplines such as mathematics, statistics, and computer science. Considering this

definition, curriculum changes could particularly target these three subjects: mathematics, statistics,

and computer science. Among these, the most significant changes could be implemented in school

mathematics.
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1. Introduction

Today, we are experiencing a major revolution in the field of data [12], with the enormous volume

of data, including Werner Herzog’s analogy about the global data flow, becoming both a challenge

and an opportunity in the era of big data and data science [38]. The proper understanding of data

and the ability to interpret it has now become a necessity, as decision-making in business, politics,

and society relies on data-driven evidence [11]. Citizens must understand the role of data in their

lives and acquire skills such as data collection, analysis, and visualization [5]. Data science has been

recognized as one of the top professions globally, and the demand for specialists in this field is rapidly

growing. This situation highlights the importance of teaching data science in schools. Data science

education at the K-12 level should enhance essential data-related skills and prepare students to play

an effective role in society and critically engage with data [6, 39]. Despite the high significance of

data science in education, research on how to integrate it into curricula is still ongoing. The goal is to

provide a comprehensive and accessible program for all students, enabling them to become effective

users and creators of data. In this regard, curriculum planning must address technological challenges,

data-driven topics, and the foundations of data science [2, 8, 28]. This study focuses on data science

education in schools, examining various definitions of the field and addressing the key challenges of

teaching data science in schools, including curriculum, data, and technology.

2. Main Results

In 2001, William Cleveland introduced the term “data science,” describing it as a combination

of statistics and large-scale computing [7]. Following the economic recovery in the United States in

2011 and the launch of related programs, this field expanded further [39]. Data science is identified

as an interdisciplinary field that integrates concepts and methods from statistics, computer science,

mathematics, and information science [10, 32, 34]. Some definitions emphasize the analysis of data and

discovering useful information using mathematical and statistical methods,[18] while others describe

data science as a systematic process for collecting, organizing, and analyzing data [24]. Loukides’

definition, widely regarded among researchers, describes data science as the use of computer-based

systems to analyze vast amounts of data and extract actionable knowledge [27]. Overall, data science

is a broad field dedicated to data collection, processing, and analysis to generate knowledge. The

significance of defining data science raises the question of what priorities data science education in

schools should focus on. Research suggests that school-level data science education should start with

data and expand by leveraging modern technologies to enhance access to data.

Data science has had a significant impact on contemporary sciences, introducing new ways of think-

ing about data and computation. Many universities have developed educational programs related

to data science, and proposals are now being made to incorporate it into elementary and secondary
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education [22]. Teaching data science equips students with skills such as calculating simple statistics,

selecting appropriate visualizations, and interpreting data results [21]. However, many high school

students struggle with analyzing data and making data-driven decisions, often focusing on details

while overlooking broader patterns and trends [20]. According to Finzer, if the curriculum from at the

K-12 level is not revised, society will face a shortage of data scientists compared to its future needs

[10]. Therefore, teaching data science in elementary and secondary education is essential.

The integration of data science into school education is expanding as part of the global movement

“Data Science for All”, aiming to prepare students to use data science skills in life and the workforce

[25, 37]. These efforts emphasize revising curricula to make data science a core component of the

learning process. Research shows that the best data science learning experiences occur when students

have the opportunity to engage with real-world data relevant to their lives [31]. In this context,

curricula are evolving. For example, the state of California has introduced data science courses as

an alternative to traditional mathematics courses in high schools[37]. Some states have developed

certification programs for teachers, enabling them to incorporate data science content into other

subjects or teach it as a standalone course [20]. International projects such as the ”Global Data Science

Project in Schools” have provided frameworks for teaching data science to students and preparing

teachers for this role. These projects highlight the data learning cycle as the central aspect of data

science and strive to present data science in an accessible and comprehensible manner to a broad range

of students [15].

The American Statistical Association, in its latest guidelines, has emphasized the importance of data

science and updated curricula from k-12 to address the needs of a data-driven world [2]. Alongside

these efforts, organizations and platforms like “YouCubed” have created online courses for teachers to

familiarize them with data science concepts and provide them with essential resources [20]. Ultimately,

the development of data science curricula in schools can enhance students’ capabilities and prepare

them for the challenges of the modern world. Technology and data serve as two foundational pillars

of these programs, with countries striving to use them to transform students into informed and data-

literate citizens.

Data, as an integral part of our daily lives, is being generated on a massive and rapidly increasing

scale. It is predicted that the volume of digital data will double by the end of 2024. This growth

stems from various sources, such as Internet of Things (IoT) devices, social media platforms, and web-

sites, which contribute to the production of big data and create new business opportunities [31, 13].

Authentic data, consisting of real quantitative and qualitative information from real-life phenomena,

plays a critical role in data science education. Using authentic data, as opposed to manipulated data,

provides a more genuine learning experience [19]. Although teachers face challenges such as time con-

straints and the complexity of data analysis, working with real data can enhance students’ motivation
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[33]. Multidimensional data, such as images and videos, offer opportunities for deeper understanding

aligned with the needs of data science [37]. The American Statistical Association emphasizes the

development of data-handling skills across different educational levels. At the initial stages, students

should understand the concept of data and use it to answer questions. At more advanced levels,

they perform complex analyses and recognize the importance of ethical data management [2]. How-

ever, big data remains overlooked in many school curricula. Since such data is primarily generated

electronically, integrating technology education and data analysis into the curriculum is essential.

Given technological advancements, students should become familiar with digital tools for performing

statistical and scientific analyses. Technology should be explicitly integrated into the curriculum

of mathematics and statistics so that students know which concepts should be learned manually

and which should be learned using technology. These decisions should be based on developmental

research in science education and learning mathematics. In today’s digital society, where vast amounts

of data are generated, teachers must use various tools to process and analyze data. These tools

include statistical software such as R, Python, and tools like CODAP and TinkerPlots, which allow

students to analyze data without needing programming skills [30]. These tools are suitable for teaching

fundamental data science concepts such as filtering data, grouping, summarizing, calculating, and

merging data. In educational examples, data filtering is used to analyze patterns and uncover hidden

patterns in data. [9]. The use of appropriate technologies in teaching data science helps students

acquire the essential skills needed to understand and analyze data, enabling them to apply these skills

in real-world problems.

3. Conclusions

Data science is universal and its learning is recommended for all citizens. It can be considered a

necessity for every individual in society or in any job position. In this article, we reviewed research

conducted in the field of school-level data science education and examined the key challenges in

this area. Most research on school-level data science education emphasizes curriculum, data, and

technology. Data science has gained significant attention in the curriculum of universities, standards

organizations, and curriculum planners at both higher education and school levels. The Guidelines for

Assessment and Instruction in Statistics Education (GAISEII) is one of the most prominent documents

frequently cited in research. This document, with a particular focus on data science, has been made

available to curriculum planners and teachers. Some countries, based on their curricular conditions,

have begun developing various curricula in data science. These efforts, aligned with the diverse

definitions of data science, have attracted attention within school mathematics. Understanding how to

teach data science skills remains a challenge for specialists and researchers in this field. Some studies

have recommended introducing data science education from elementary school and even preschool.
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Thus, both teachers and students require tools and training for the effective use of data. Selecting

appropriate data and technology is also a significant challenge in this field. Almost all studies agree on

the need to use real and reliable data. Moreover, both programming and non-programming tools are

considered based on educational levels. Research indicates that data science can play an important

role in demonstrating the applications of mathematics in society.
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Institute of Mathematics, ERME, 2023.
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