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PROBLEM-BASED LEARNING IN THE DIGITAL ERA:
TECHNOLOGIES, CASES, AND PROSPECTS

Abstract
The article explores the impact of digital technologies on problem-based

learning, analyzing the most effective tools and their prospects in the educational
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process. Special attention is given to interactive platforms, artificial intelligence,
gamification, and virtual reality. The study presents survey results of students and
teachers regarding the role of technologies in education. Challenges of the digital
era, such as digital inequality and the need to improve digital literacy, are
discussed. The article concludes with the necessity of adapting educational
programs and enhancing teachers' professional development.

Key words: Problem-Based Learning (PBL), Digital technologies,
Interactive platforms, Gamification, Virtual reality, Artificial intelligence (Al),
Digital inequality, Digital literacy, Educational process, STEM laboratories

1 Introduction

Modern education requires students not only to retain information but also to develop
analytical thinking, creativity, and the ability to apply knowledge in practice. Problem-Based
Learning (PBL) focuses on presenting students with complex questions or tasks that require
independent problem-solving (Schmidt, Rotgans & Yew, 2011). The main principles of this
approach include active student participation, an interdisciplinary approach, and the development of
independent research skills.

With the advancement of digital technologies, problem-based learning has reached a new
level. Interactive platforms, virtual reality, artificial intelligence, and gamification elements create a
dynamic educational environment that fosters student engagement (Mayer, 2021). However, despite
significant advantages, digital technologies in problem-based learning come with challenges such as
digital inequality, the need for adaptation in teaching methods, and the development of digital
literacy (OECD, 2021).

This article examines the impact of digital technologies on problem-based learning, the most
effective tools, and their prospects for use in the educational process. The study was conducted with
the participation of 11th-12th grade students from the Nazarbayev Intellectual School in Kostanay.

2 Materials and Methods

The study is based on the analysis of existing educational platforms and technologies
integrated into the problem-based learning process. The methodology includes:

1. Analysis of successful cases from school and university practices (Jonassen, 2010);

2. Review of educational digital tools and their impact on learning outcomes (Papert, 1993);

3. Survey of teachers and students on the use of technologies in solving educational tasks
(Dyer, Gregersen & Christensen, 2011).

Data collection involved online surveys of educators (N=150) and an analysis of the
integration of digital solutions in school practice.

3. Results

3.1. Interactive Platforms:

Microsoft Teams — organization of project work and collaborative research (Barsukov,
2021): This platform is actively used in schools, enabling transitions between online, offline, and
hybrid learning formats. Throughout the academic year, teachers upload all educational materials
into a designated folder, granting students continuous access for the entire duration of their
schooling. This platform not only systematizes educational resources and ensures their availability
but also allows students and teachers to utilize its capabilities for organizing project-based work and
collaborative research. For example, I successfully implemented this approach while preparing a
scientific project titled "Energy Potential of Municipal Solid Waste in Kostanay" in 2022.
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Figure 1 — Microsoft Teams Working Window

Kahoot!, Quizizz, Quizlet, WordWall, Blooket, and others—Gamification of the learning
process through quizzes and tests: these resources are frequently used in lessons to boost
motivation, expand knowledge, and foster a competitive and team spirit among students. A student
survey showed that these resources help with formative and summative assessments. Teachers also
noted that using game-based platforms diversifies the learning process, reduces the time spent on
grading tests and assignments, aids students in preparing for summative assessments, increases
student engagement, and provides teachers with a vast array of educational materials, allowing them
to select the most relevant content (Nazarova, 2021).

Q

Figure 2 — Resources for Gamification in the Learning Process

Figure 3 — WordWall Interface

Padlet, Conceptboard, Miro, and other types of interactive whiteboards — Collaborative mind
mapping and problem discussion: These resources enable real-time collaboration among
participants in the learning process, whether it be solving problems, discussing a project,
brainstorming, or creating a poster. They also allow for the addition of various types of materials,
including videos and illustrations.

154



UHXUHUPUHI XKXOHE TEXHOJ10IMNA UHXUHUPUHI U TEXHOJIO MU

The Role of Artificial Intelligence:

Chatbots (ChatGPT, TutorAl) — Intelligent Support for Information Retrieval: The role of
artificial intelligence in education is becoming increasingly significant (Siemens, 2005), providing
students with an additional learning consultant to whom they can ask questions and receive
appropriate answers. It is essential to remind students about information security and the need to
develop their intelligence, as Al queries contribute to its learning as well. This fosters a healthy
curiosity for knowledge and a proper understanding of Al's capabilities. Student surveys revealed
that they tend to delegate routine processes to Al and seek its help in solving complex problems,
verifying solutions, and finding approaches to problem-solving. Additionally, chatbots (ChatGPT,
TutorAl) provide intelligent support in information retrieval but require users to develop digital
literacy (Siemens, 2005). Adaptive educational platforms such as Smart Sparrow and Century Tech
facilitate personalized learning (World Economic Forum, 2020).

Adaptive Educational Platforms (Smart Sparrow, Century Tech) — Personalized
Learning.

Virtual and Augmented Reality:

Google Expeditions allows virtual tours, while Labster provides safe experiments in virtual
laboratories (Anderson & Krathwohl, 2001). Online simulations such as PhET Interactive Simula-
tions help study physical, chemical, and biological phenomena (Sokolova, 2023).

3.2. Integration of Problem-Based Learning in Schools and Universities

STEM Laboratories: In modern Kazakhstani schools, virtual laboratories are used to enable

students to conduct complex experiments without physical equipment.
In addition to virtual laboratories, Kazakhstani educational institutions are actively implementing
STEM laboratories equipped with modern technology for interdisciplinary research. These
laboratories allow students to apply problem-based learning methods by solving practical problems
in science, technology, engineering, and mathematics.

A key element of such laboratories is simulation programs that help model real-world pro-
cesses and analyze results in a safe environment. For example, students can develop engineering
projects, conduct chemical experiments, and test software algorithms without the risk of material
losses.

In Kazakhstani universities, problem-based learning is implemented through project-based
research, hackathons, and startup incubators. Students work on real-life cases, collaborating with
industrial enterprises and research organizations. This approach fosters critical thinking, teamwork,
and problem-solving skills, which are especially important in the modern job market.

Moreover, collaboration with international educational platforms plays a crucial role by
providing access to innovative methodologies and resources. This allows Kazakhstani schools and
universities to integrate advanced technologies into the learning process and prepare students for the
challenges of the 21st century.

3.3. Survey of Teachers and Students on the Use of Technologies in Solving
Educational Tasks

We conducted a survey among teachers and students to determine how modern technologies
contribute to education.

Student Questionnaire:

1. What technologies do you use most often for studying? (Select multiple options)
Computer / Laptop
Tablet
Smartphone
Interactive Whiteboard
Software (Word, Excel, PowerPoint)

Online Platforms (Google Classroom, Moodle, etc.)
Others (please specify)
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N

. What online resources help you in learning?

Educational Websites (YaClass, Khan Academy, etc.)
Video Lessons (YouTube, Coursera, etc.)

Online Tests and Simulators

Electronic Textbooks

How often do you use technology in your studies?

Every day

Several times a week

Rarely

Never

Do technologies improve your understanding of subjects?
Yes, significantly

To some extent

No, they do not improve understanding

. What difficulties do you face when using technology in learning?

Teacher Questionnaire:

1. What technologies do you use in your lessons?

2. Do you use online platforms for homework and tests?

3. In your opinion, how much do technologies help students better understand the material?

4. What challenges do you face when integrating technology into the educational process?

Survey Results:

Students:

e 80% use smartphones and computers for studying.

® 65% actively utilize educational websites.

e 75% noted that technologies help them better understand the material.

e Main difficulties: unstable internet connection, difficulty using some software.

Teachers:

e 70% use interactive whiteboards and online platforms.

e  60% believe that technologies improve the quality of education.

e Main problems: lack of technical equipment, low digital literacy among some students.

Conclusion: Technologies are actively used in education and generally have a positive
impact on the learning process. However, there are technical and methodological barriers that need
to be addressed. Survey results showed that 75% of students believe that technologies help them
better understand the material, but the main challenges remain the lack of a stable internet
connection and difficulties in working with some software (OECD, 2021).

4 Discussion

Problem-based learning in the digital era offers several advantages but requires adaptation of
educational programs and professional development for teachers (Dyer et al., 2011). Personalized
learning, remote formats, and virtual laboratories can significantly improve the quality of education
(Schmidt et al., 2011).

4.1. Prospects and Challenges of Problem-Based Learning in the Digital Era:
Opportunities for Personalized Learning through Technology. Personalized learning is made
possible through adaptive platforms utilizing artificial intelligence. These platforms analyze
students' knowledge levels and provide individualized assignments, increasing learning efficiency.
Additionally, technology enables consideration of various learning styles, making the educational
process more flexible.

4.2. Remote Problem-Based Learning and Its Prospects: With the development of online
education, digital tools make it possible to implement problem-based learning remotely. Virtual
laboratories, interactive simulations, and collaborative online platforms allow students to participate

Lh...:lk...._b)....
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in project-based research regardless of their geographical location. This is particularly relevant in
the face of global challenges such as pandemics and labor market digitalization.

4.3. Key Barriers: Digital Inequality and Lack of Digital Literacy. Despite its
advantages, problem-based learning in a digital environment faces challenges. Digital inequality,
caused by differences in internet access and equipment availability, remains a significant issue.
Moreover, many teachers and students lack sufficient digital literacy skills, making it difficult to use
technology effectively.

4.4. Ways to Overcome Challenges and Future Development Prospects. To successfully
integrate digital technologies into problem-based learning, it is necessary to:

e Develop national programs to equip schools with essential technology;

e Train teachers in digital education methodologies;

e Create educational resources accessible to all categories of students.

5 Conclusions

Digital technologies expand the possibilities of problem-based learning, making it more
interactive and effective. However, their implementation requires the development of digital
literacy and the elimination of digital inequality barriers (World Economic Forum, 2020). The use
of gamification, virtual reality, and Al opens up opportunities for deeper student engagement in the
learning process, fostering independent research skills and critical thinking. To successfully
implement these methods, it is essential to eliminate digital inequality barriers and enhance teacher
training in digital technologies.
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