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Abstract  
Many students in Germany struggle to choose a career path, with few pursuing IT due to limited access and support, especially those from disadvantaged backgrounds. Since 2014, the Hacker School gGmbH has aimed to inspire these students to learn programming, addressing educational inequality and the IT talent shortage. Building on this, the federally funded TALAINTED project, in collaboration with the Institute for Applied Artificial Intelligence, developed a multilingual online course featuring AI avatars. This innovative format enables flexible, accessible, and self-paced learning through unlimited repetition and step-by-step guidance. This study assessed the impact of the course on 272 students, mainly aged 12–14, from schools in Germany. Surveys before and after the course revealed a significant increase in interest in programming, with ratings rising from 4.06 to 4.5 (p < .01). Students preferred the avatar-based course format over traditional methods (4.31 vs. 3.79, p < .01) due to its personalized learning approach. Participants also learned programming more effectively than expected, with perceived helpfulness of the course increasing from 4.94 to 5.15 (p < .05). AI avatars were found to improve concentration (4.29 vs. 5.08, p < .01) by minimizing distractions. Participants also reported finding new concepts easier to learn (5.09 vs. 5.36, p < .01) and enjoying the learning process more (4.59 vs. 5.47, p < .01). The gamified design and storytelling elements increased engagement and intrinsic motivation. Crucially, the course positively influenced students’ career aspirations, with motivation to pursue programming professions rising from 3.14 to 3.47 (p < .01).
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1. Introduction
Background and Motivation
Choosing a career path in Germany poses significant challenges for many students, particularly in STEM fields such as natural sciences and IT. Despite the rising demand for STEM professionals, relatively few students opt for these career paths. This hesitancy is often attributed to insufficient support within schools and limited exposure to STEM opportunities (Bundesministerium für Bildung und Forschung, 2021; Anger et al., 2023).
Students from lower socio-economic backgrounds, especially those with migration histories, face even greater difficulties. Barriers such as financial limitations, language difficulties, and unfamiliarity with the German education system can significantly hinder their access to quality education and career opportunities (Autor:innengruppe Bildungsberichterstattung, 2022).
The absence of parental or counselor support compounds these challenges, particularly for students from low-income families who often lack the networks and guidance necessary for navigating academic pathways. Addressing these structural issues is essential to ensuring equal educational and career opportunities for all, enabling students to succeed and reducing systemic inequities (Fitzpatrick, 2019).
The Importance of IT Skills in the Modern World
With technological innovations reshaping industries, the demand for IT skills has surged, making them indispensable in sectors like healthcare and finance. Embedding IT education in schools not only enhances learning outcomes but also prepares students for the evolving demands of the digital economy, fostering sustainable socio-economic growth (McKinsey & Company, 2020; Kultan, 2022). Moreover, IT education serves as a catalyst for upward social mobility by equipping disadvantaged students with skills that can lead to well-paid careers. By addressing the barriers to IT learning, society can unlock significant potential for individual advancement and broader societal progress (UNESCO, 2024).
AI Avatars as a Powerful Tool in the Education Sector
Artificial intelligence (AI) avatars are increasingly recognized as powerful tools in education, offering personalized, interactive, and engaging learning experiences. AI avatars and virtual environments have been shown to enhance student engagement, improve learning experiences, and foster collaboration. Research highlights their role as communication facilitators, enabling students to collaborate and develop higher-order thinking skills such as analysis, synthesis, and problem-solving (Falloon, 2010). Similarly, the gamified use of abstract avatars in STEM education has been found to boost performance and engagement, particularly when identity-based factors such as race and gender are carefully considered (Kao & Harrell, 2015).
AI avatars can also enable adaptive and accessible personalized learning experiences by providing real-time feedback and tailored educational content. Research suggests that these avatars help bridge gaps in traditional teaching methods by accommodating diverse learning needs and enabling 24/7 learning environments (Tapalova et al., 2022). Equipped with natural language processing (NLP) and generative AI, these avatars can offer individualized, context-aware instruction. Tools like GPTAvatar demonstrate how AI avatars can listen, respond, and engage in conversational learning, making education more immersive, adaptive, and student-centered (Fink et al., 2024). Similarly, AI-driven virtual assistants in immersive virtual reality (VR) environments provide tailored support for complex subjects, such as anatomy education, where students perform better in avatar-based settings compared to chatbot-based ones (Chheang et al., 2023).
Recent advancements include AI-powered digital twin instructors that mimic human teaching styles, using large language models to provide contextual feedback and assist with classroom management (Fiore et al., 2024). Additionally, digital human lecturers are being deployed in postgraduate courses, emphasizing natural interactivity and authentic teaching styles (Pang et al., 2024).
Despite their advantages, AI avatars present challenges related to ethical implications and pedagogical integration. Researchers emphasize the need for critical reflection on their responsible use, particularly regarding equity and inclusivity in educational settings (Zawacki-Richter et al., 2019).
The growing body of research underscores the transformative potential of AI avatars in education. By fostering engagement, enabling personalized learning, and addressing diverse student needs, AI avatars have the potential to reshape traditional educational paradigms. However, their successful integration requires careful consideration of ethical and pedagogical dimensions to ensure their maximum impact.
The TALAINTED Project: An Innovative Approach to Education
In response to these challenges, the TALAINTED project emerged as a joint initiative by the Institute for Applied Artificial Intelligence at Stuttgart Media University and Hacker School gGmbH. Its goal is to create an AI-powered, multilingual platform that makes IT education accessible to students irrespective of socio-economic status or geographic location.
Designed to address the unique challenges faced by disadvantaged students, including those with migration backgrounds, the TALAINTED platform incorporates AI avatars that offer personalized learning experiences. Available in multiple languages such as German, English, Turkish, Arabic, and Russian, the platform accommodates diverse student needs.
The platform’s innovative approach emphasizes small, incremental learning steps, enabling students with no prior programming experience to develop confidence and competence. Its flexible, on-demand design allows learners to proceed at their own pace, addressing the limitations often associated with traditional classroom environments.
Research Significance and Relevance
TALAINTED addresses two critical issues: bridging educational inequality and filling the skills gap in IT. By offering programming education to underprivileged students, the project advances social equity while meeting labor market demands. This dual impact underscores its significance for policymakers and educators alike.
The project’s emphasis on multilingual content and adaptive learning is particularly relevant for students from migrant backgrounds, who often face linguistic challenges in conventional settings. By providing inclusive resources and tailored learning pathways, TALAINTED empowers these students to achieve academic and professional success.
Furthermore, TALAINTED offers a replicable model for integrating technology into education. As the demand for digital skills grows, initiatives like TALAINTED will play an increasingly crucial role in shaping an equitable, skills-oriented educational system.
Study Overview
A study was conducted to evaluate the TALAINTED platform, focusing on its impact on students’ engagement, motivation, and understanding of programming. The research compared outcomes from this AI-driven environment with those of traditional classroom teaching, with particular emphasis on the platform’s adaptability and its role in enhancing personalized learning experiences.

2. Methodology
The study employed a mixed-methods research design, combining quantitative and qualitative approaches to comprehensively evaluate the effectiveness and acceptance of the AI-powered learning platform developed within the TALAINTED project. This approach was chosen to capture both measurable outcomes and detailed insights into students’ experiences with the platform. The study was conducted in two phases: a pre-test phase to refine the study design and a main study to assess the pedagogical impact of the AI-supported programming course.
1 
Participants and Sampling
The main study involved a total of 272 students, aged 12 to 18 years (M = 13.79, SD = 1.01), from schools across Germany. The sample included a balanced representation of genders, with 132 female and 136 male participants, while 4 students chose not to disclose their gender. Most participants were in 8th and 9th grade, with the majority (58%) in the 9th grade. Additionally, 43% of participants reported having at least one parent with a migration background, highlighting the diversity of the sample. The study also captured data on students' prior programming experience: while 36% had some programming exposure, the majority (61%) had no prior experience, and 3% did not provide information. The heterogeneity of the sample provided valuable insights into the accessibility of AI-assisted learning across different demographic groups.
Study Design
The study aimed to evaluate the impact of the AI-powered programming course on key learning dimensions such as interest, concentration, motivation, and enjoyment. The course incorporated AI avatars to deliver personalized learning experiences and was compared to traditional instructional methods, such as self-directed learning with worksheets. Students completed the course over several sessions, with assessments conducted at two time points: pre- and post-course.
To ensure methodological accuracy, a preliminary pilot study was conducted to test the course structure, identify potential usability issues, and refine the research instruments. Based on this pre-test phase, adjustments were made to improve the clarity and accessibility of course content before launching the main study.
The quantitative component involved administering a custom-designed questionnaire to measure changes in students’ perceptions, attitudes, and learning outcomes. The questionnaire consisted of 20 items across key dimensions, including interest in programming, concentration during the course, ease of learning, and motivation to pursue programming as a career. Items were rated on 5- or 6-point Likert scales, capturing levels of agreement or intensity (e.g., from “very low” to “very high”).
In addition to the quantitative assessments, semi-structured interviews were conducted with a subset of students after course completion to gather qualitative insights. The interview questions explored their perceptions of the AI avatar, their learning experiences, and suggestions for improvement. The qualitative data were analyzed using thematic content analysis based on the methodology of Philipp Mayring, a well-established approach for systematically structuring and interpreting text-based responses​. The analysis followed an inductive coding process, meaning that categories were not predefined but emerged from the data itself. This approach ensured an authentic and differentiated representation of students’ experiences. Coding units were defined as meaningful text segments that contained relevant insights regarding students’ learning experiences. This allowed both specific mentions and broader thematic patterns to be captured effectively. This qualitative component provided rich contextual data to complement the quantitative findings.
The AI-powered course was implemented using Microsoft MakeCode Arcade, a browser-based programming platform designed for beginners. Students learned programming by developing a simple game (“Flappy Bird”) in an 11-part video series, where each video introduced incremental programming concepts. The platform supported both block-based coding and text-based programming in JavaScript and Python, catering to students with different levels of prior coding experience. The AI avatars provided guidance, available in multiple languages (German, English, Arabic, Turkish, Russian) to accommodate linguistic diversity.
Data Analysis
Quantitative data were analyzed using paired-sample t-tests to identify significant changes between pre- and post-course measures. Key metrics such as interest in programming, perceived concentration, and motivation to pursue programming careers were compared to assess the effectiveness of the AI avatar-based course.
The qualitative interview data were transcribed and thematically analyzed to identify recurring patterns, perceptions, and areas for potential enhancement. The inductive coding process helped uncover meaningful themes that complemented the statistical findings, providing a richer understanding of students’ experiences with AI-assisted learning.
Ethical Considerations
The study adhered to strict ethical guidelines. Participation was voluntary, and informed consent was obtained from all students and their guardians. Anonymity and confidentiality were ensured throughout the study, and data were used solely for research purposes.
This mixed-methods approach provided a comprehensive evaluation of the TALAINTED platform, offering both statistical evidence of its impact and nuanced insights into the learning experiences of students. The findings contribute to understanding the role of AI in modern education and its potential to make programming more accessible and engaging for diverse student groups.

3. Results
2 
Interest in Programming
The analysis demonstrated a significant increase in participants’ interest in programming following the completion of the course. The paired-sample t-test revealed a rise in average interest scores from 4.06 to 4.5 (p < .01, two-tailed).
This increase can be attributed to the personalized and engaging nature of the AI avatar, which made programming more accessible and attractive. The interactive delivery style and innovative digital learning environment generated curiosity, positioning programming as a forward-thinking and appealing subject.
Preference for AI-Avatar-Based Courses
Participants showed a clear preference for courses incorporating AI avatars compared to traditional courses. The average interest in taking another course with an AI avatar was 4.31, significantly higher than the score of 3.79 for traditional formats (p < .01, two-tailed).
The preference for AI-enhanced courses is likely driven by the avatar's ability to make learning more dynamic and engaging. The avatars provided structure and created a sense of social presence, fostering trust and motivation to continue learning in this format.
Improved Concentration
Participants reported significantly higher levels of concentration during the AI-supported course compared to traditional instruction. The average score increased from 4.29 to 5.08 (p < .01, two-tailed).
This improvement is likely due to the avatar’s ability to maintain focus through targeted guidance and minimized distractions. By addressing individual questions and difficulties in real-time, the AI avatar directed attention effectively, resulting in longer and more stable concentration spans.
Enhanced Learning Support
The course exceeded participants’ expectations regarding its helpfulness in learning programming. The perceived helpfulness score rose from 4.94 to 5.15 (p < .05, two-tailed).
This improvement reflects the AI avatar’s adaptability to individual learning needs. By providing explanations, the avatar eased frustration and bolstered understanding, creating a supportive and efficient learning experience.
Facilitated Learning
Participants found it easier to learn new concepts with the AI avatar, with the perceived ease of learning increasing from 5.09 to 5.36 (p < .01, two-tailed).
The AI avatar’s ability to present content at an adaptable pace and its step-by-step approach were instrumental in reducing cognitive load. Interactive and visually rich explanations also supported different learning styles, enhancing the overall ease of understanding.
Increased Enjoyment in Learning Programming
The enjoyment of learning programming increased significantly, with scores rising from 4.59 to 5.47 (p < .01, two-tailed).
This result can be linked to the gamified design of the course, which incorporated playful elements to make learning more enjoyable. The avatar’s interactive features created a less formal and more creative atmosphere, fostering intrinsic motivation and a positive learning experience.
Motivation to Pursue a Career in Programming
The course positively influenced participants’ motivation to consider a career in programming. Motivation scores increased from 3.14 to 3.47 (p < .01, two-tailed).
This effect can be attributed to the avatar’s ability to simulate real-world programming tasks and offer a practical insight into the profession. By supporting students through challenges and enhancing self-confidence, the AI avatar helped to shape a positive perception of programming as a potential career path.
4. Conclusion 
The findings of this study highlight the transformative potential of AI avatars in programming education. Through the TALAINTED project, an innovative and inclusive approach was developed to address challenges in accessibility, engagement, and equity for students, particularly those from disadvantaged or migrant backgrounds. By offering a flexible, multilingual, and interactive learning experience, the AI avatar-based course significantly increased students’ interest in programming, enhanced their concentration, and improved their overall learning outcomes.
The study’s results demonstrated that the AI-powered course format outperformed traditional teaching methods in fostering engagement and motivation. Students reported a clear preference for the avatar-based approach, citing its gamified design and storytelling elements as key factors contributing to a more enjoyable and effective learning process. Moreover, the platform facilitated better comprehension of programming concepts, reduced cognitive barriers, and nurtured intrinsic motivation.
Crucially, the course also had a meaningful impact on students’ career aspirations, with a notable increase in their motivation to pursue careers in programming. This suggests that AI avatars can play a pivotal role in addressing the ongoing skills shortage in IT by inspiring the next generation of talent.
By bridging educational inequalities and creating opportunities for upward mobility, the TALAINTED project provides a replicable model for integrating AI technologies into education. As the demand for digital skills continues to grow, initiatives like this can contribute to a more equitable and skills-oriented educational system, ensuring that programming education is accessible and engaging for all.
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