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Abstract — STEM education, (Science, Technology, Engineering, and Mathematics), plays a vital role in
developing students' abilities in analysis, problem-solving, and critical thinking, which are essential for
their success in higher education and future careers. In Albania, recently implemented education reforms
have aimed to update the education system and align it with international, particularly European Union,
standards. Despite these initiatives, there remains a significant gap between the STEM education provided
in high schools and the demands of university courses, creating considerable difficulties for students
pursuing scientific and engineering fields. This paper highlights several key challenges facing STEM
education in Albania, such as limited resources, outdated lab equipment, and a lack of the technological
infrastructure needed to teach advanced STEM topics. The situation is further complicated by insufficient
teacher training, as many educators are not prepared to apply modern teaching methods like computational
thinking or project-based learning. Moreover, there are gaps in the curriculum, as high school programs fail
to adequately cover the abstract scientific and mathematical concepts required for university-level
education. To tackle these issues, this research emphasizes the urgent need to create a STEM knowledge
questionnaire for Albanian high school and university students.
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I. INTRODUCTION

STEM (Science, Technology, Engineering, and Mathematics) education has become a powerful tool of
economic and social development and is the key force behind innovation and technological progress. It
plays a vital role in today's world, dominated by Al and data science, and impacts significant fields like
healthcare, finance, environmental engineering, and others [1]. The change from secondary school to the
university is an important milestone in the education of a student, especially for students studying STEM
programs. It is well known that high school students who were excellent in STEM subjects will be
successful in science and engineering courses at the university [2]. However, gaps and differences in the
high school curriculum and university programs may prevent the students from achieving success. Gaps
between high school and university performance have been a widely researched issue, with academics and
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highlighting the relevance of STEM education to academic performance and success [3]. Disparities
between secondary school and tertiary education demands pose great challenges to students' fulfillment,
particularly in less developed countries [4].

Studies have shown that students who get exposed to STEM at an early age are likely to pursue science,
technology, and engineering careers, which result in a very skilled workforce [5]-[7].

STEM education provides students with the capacity to understand complex problems, interpret data, and
use scientific and mathematical principles to formulate efficient solutions. From analyzing a technical
problem, constructing an experiment, or optimizing an engineering process, STEM is the heart of problem-
solving [8], [9].

Logical thought and analytical intellect are the emphases in STEM education. Students are taught to
acquire critical thinking skills so they can analyze information, examine evidence, and make sound
decisions from facts and not from assumptions. Such skills are not only imperative in science and
engineering but also in social sciences, medicine, and finance [10]-[12].

Students in STEM are taught to think outside the routine and approach problems from multiple angles.
Creativity helps improve processes and algorithms and find new ways to address local problems and global
challenges [13]-[15].

Most of the STEM activities require teamwork, building teamwork communication, collaboration, and
cooperative problem-solving competencies. From a robot competition to computer software code writing
or lab experimentation, students build teamworking competencies. Such competencies are essential in
working professionals, where multi-discipline teams collaboratively solve a complex problem [16]-[18].

Learning through errors and unknowns allows students to learn resilience, determination, and adapting
their methodology to failure. It is highly valuable for professions involving research and development,
engineering, and business, where things are difficult and complex [19]-[21].

STEM programs provide training with tools and technologies such as laboratories, coding platforms,
engineering software, machine learning, Al, and data analysis. Using these resources in practice enhances
the practical skills of students, allowing them to find jobs in fields such as software development,
bioengineering, mechanical design, and scientific research [22]-[24].

STEM programs develop a vivid curiosity about how the world works, which leads students to question,
explore, and learn on their own. It motivates them to learn about new concepts and technologies, which is
required in a world where scientific and technological advancement continually shifts and changes at an
accelerating pace [25].

However, many studies have established that unequal access to STEM education, particularly in
developing nations, exists [26]. Constraining factors such as outdated learning curricula, inadequate
technological learning facilities, and poor teacher capacity development programs prevent the successful
utilization of STEM education [27]. A study by the World Bank concluded that gender disparity still
prevails in STEM learning, with female students less represented in areas of engineering and computer
science studies [28], [29].

Il. STEM EDUCATION IN ALBANIA: REFORMS, AND CHALLENGES

In recent years, Albania has implemented reforms to strengthen its education sector towards aligning it
with the European Union. Initiatives such as the National STEM Strategy and the establishment of digital
classrooms aim at strengthening STEM programs and education at the preuniversity level. Algorithms,
coding, and robotics have been added in high school to improve learning of STEM [30].

One such recent project includes the "Generation Next" one launched in 2022 within a joint venture by
Vodafone Albania and the Ministry of Education and Sports, integrating STEM curriculum within 100
Albanian state-run schools. The project included training teachers and students in technology and equipping
schools with tablets, laptops, and other digital tools [31], [32].

Yet, a number of challenges persist. Most high school graduates in Albania are not adequately prepared
to attend higher education STEM subjects, especially mathematics, physics, chemistry, and ICT. University
academics describe incoming students as being unprepared in fundamental problem-solving and dealing
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with abstract, theoretical mathematical and scientific concepts, causing high failure rates in first-year
university classes [33], [34].

Another issue is the lack of infrastructure and materials for STEM learning. Many public high schools
have poorly equipped laboratories, which makes more difficult the students’ engagement in practical
scientific experiments; in addition, many teachers do not have the necessary knowledge to incorporate
computational thinking and experimental learning into practice [35], [36].

Based on research, participation in STEM programs in Albania has decreased over the last five years.
Contributing to this trend are low awareness of job opportunities in STEM fields and the belief that STEM
courses are difficult and too challenging [37].

In Albania, the education system has undergone numerous reforms to modernize curricula and align with
European Union standards. Despite these reforms, high school STEM education remains poorly developed
to prepare students for the intense rigor of university-level science, engineering, and technology courses
[38], [39].

Moreover, lack of adequate exposure to current STEM applications at the high school level, such as
coding, robotics, and data analysis, deprives students of the chance to develop an early fascination with
these fields. Moreover, there are no after-school activities, such as STEM clubs and competitions, that
further limit opportunities for students’ exposure to STEM learning beyond the classroom [40], [41].

A major gap in infrastructure worsens educational inequality: urban schools have better digital resources
and internet access, while rural schools often lack basic tools like computers and lab equipment. This makes
it harder for rural students to develop STEM skills, limiting their chances for university admission and
future careers [42], [43].

1. MATERIALS AND METHOD

This study utilizes a mixed-methods approach to evaluate the effectiveness of STEM education in
Albanian high schools and its influence on students' readiness for university studies. By integrating both
guantitative and qualitative research methods, the study aims to provide an analysis of how STEM curricula,
teaching methodologies, and technological resources contribute to students' preparedness for higher
education [44], [45].

A crucial element of this research is the development and implementation of a structured questionnaire
tailored to high school students. The questionnaire is designed to assess multiple dimensions, including:
STEM knowledge: students' understanding of key STEM concepts and their ability to apply them.
University preparedness: their confidence and readiness for higher-level STEM courses.

Perceptions and attitudes: how students view STEM subjects, including their interest, motivation, and
perceived career prospects.

The questionnaire is structured using the Likert 5-point scale, which is a widely recognized tool for
measuring attitudes, perceptions, and opinions in social science research. This scale allows respondents to
indicate their level of agreement or disagreement with statements related to STEM education [46]. The
Likert scale, first developed by Rensis Likert in 1932, has since been applied in various fields, due to its
effectiveness in capturing subjective opinions in a quantifiable manner. It is applied in various fields, such
as:

Customer satisfaction: to assess customers' experience and satisfaction with a product or service.

Student evaluation: to measure students' opinions on teaching quality, instructional methods, or course
content.

Scientific research: to quantify perceptions in education, psychology, management, and other fields.
Employee assessment: to evaluate job satisfaction, leadership effectiveness, or workplace conditions [47].

The response options of 5-points Likert scale are as follows:

1 = Strongly disagree: the student feels no confidence in their abilities or knowledge.

2 = Disagree: the student has minimal confidence but recognizes some familiarity with the subject.

3 = Neutral: the student feels somewhat prepared but acknowledges gaps in understanding.

4 = Agree: the student is comfortable with STEM concepts and feels well-prepared for university studies.
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5 = Strongly agree: the student has a strong grasp of STEM subjects and is fully prepared for higher
education challenges.
Alternatively, answer Yes/No where applicable.

Section 1: Computer Hardware and Systems

Focus: Understanding and applying hardware knowledge to STEM projects.

I can identify key computer components (CPU, RAM, motherboard) and explain their roles.

I know how hardware specifications (CPU speed, RAM size) impact computer performance.

I can compare different storage types (HDD, SSD) and their role in handling large amounts of data.
| feel confident assembling or upgrading basic PC components (e.g., RAM) for a project.

| understand the role of BIOS/UEFI in system operations.

o~ oD

Section 2: Programming and Algorithms

Focus: Developing computational thinking for STEM problem-solving.

6. | can explain what an algorithm is and outline its key steps.

7. 1 am comfortable using programming language (Python, Java, C++) for simple tasks.

8. I can write code using loops, conditionals, and functions to solve problems.

9. I understand why algorithm efficiency (e.g., time complexity) matters in programming.

10. I can break down a STEM-related problem (e.g., data analysis, simulation) into logical steps.

Section 3: Digital Literacy and Cybersecurity

Focus: Navigating technology safely and efficiently.

11. I can use internet browsers and search engines effectively for research and coursework.
12. 1 know how to manage browser settings (e.g., cache, extensions) to optimize performance.
13. I can recognize and avoid online threats such as phishing and malware.

14. 1 understand the role of antivirus software and basic cybersecurity measures.

15. I can explain the benefits and limitations of private browsing for protecting personal data.

Section 4: Operating Systems and Software Management

Focus: Managing digital tools and environments for STEM learning.

16. I can check a computer’s specifications (e.g., RAM, storage) and optimize performance.
17. 1 know how to install, update, and troubleshoot software and drivers for academic tasks.
18. I can resolve basic OS issues (e.g., slow performance) on Windows, Linux, or macOS.
19. 1 understand file systems and can organize project files effectively.

20. I can establish and troubleshoot internet connections for academic use.

Section 5: Office and Productivity Tools

Focus: Using software for STEM communication and analysis.

21. | can create well-formatted reports documents using word processors (Word, Google Docs).
22. | can use spreadsheets (Excel, Google Sheets) for calculations, graphing, and data analysis.
23. | can design engaging presentations (e.g., PowerPoint, Canva) for coursework or research.
24. 1 understand how databases (e.g., Access, SQL) help manage scientific data.

25. | can use collaboration tools (e.g., Google Drive, Notion) for group STEM projects.
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Section 6: High School STEM Textbooks

Focus: Evaluating how well high school textbooks prepared students for STEM studies.

26. The textbooks I used in high school provided clear explanations of STEM concepts.

27. The exercises and examples in my textbooks helped me develop problem-solving skills.
28. My high school textbooks included real-world applications of STEM topics.

29. | found my textbooks well-structured and easy to navigate when studying independently.
30. I believe my high school textbooks prepared me well for university-level STEM courses.

Section 7: Teachers' Ability to Deliver STEM Knowledge

Focus: Evaluating how well teachers conveyed STEM concepts in high school and university.

31. My STEM teachers explained concepts clearly and made them easy to understand.

32. My teachers encouraged problem-solving and critical thinking in STEM subjects.

33. | received sufficient practical examples and applications of STEM concepts during lessons.

34. My teachers were knowledgeable about the subject and could answer in-depth questions.

35. | feel that my STEM education was engaging and well-taught, preparing me for further studies.

Section 8: Mathematics and Natural Sciences

Focus: Assessing readiness for university-level STEM courses.

36. | feel confident in my high school math skills (e.g., algebra, calculus) for university STEM courses.
37. 1 can apply physical or chemical principles to solve real-world problems (e.g., circuits, reactions).
38. I am comfortable analyzing data using mathematical or scientific methods.

39. | feel prepared for university STEM subjects, such as engineering or computer science.

40. 1 understand how mathematical models are used to explore real-world scenarios (e.g., motion,
chemical processes).

Section 9: Problem-Solving and Creative Thinking

Focus: Developing skills for innovation and critical analysis in STEM.

41. | can approach technical problems logically and find effective solutions.

42. 1 enjoy solving challenges, such as coding problems, puzzles, or science experiments.
43. | can evaluate multiple solutions to a problem and select the best approach.

44. 1 can think creatively when designing experiments, apps, or engineering solutions.
45. | see logic and creativity as essential for success in STEM fields.

Section 10: Practical STEM Applications

Focus: Applying STEM knowledge to real-world tasks and careers.

46. | can edit media (e.g., images, videos, PDFs) for STEM reports and presentations.

47. | have experience with image editing tools (e.g., Photoshop, GIMP) for enhancing visuals.

48. | can install an operating system (Windows, Linux) using a bootable USB.

49. | understand how STEM skills (coding, data analysis) are applied in careers like engineering, and IT.
50. I feel confident in using technology to solve real-world problems in science, math, or engineering.

Section 11: Web Design and STEM Communication

Focus: Creating digital content and showcasing STEM projects.

51. | can build a basic website using platforms like WordPress, Wix, or Google Sites.
52. I understand the basics of HTML and CSS for designing simple web pages.
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53. | can make a website responsive so it works on different devices (e.g., phones, tablets).
54. I know how to add interactive elements (e.g., buttons, forms) to a website for STEM projects.
55. I can use web design to present my STEM work (e.g., portfolios, research findings).

The questionnaire will be distributed to a sample of more than 200 high school students in Durres city,
(Leomnik Tomeo, Naim Frasheri) and university students (University Aleksander Moisiu Durres,
Polytechnic University of Tirana). The collected data will be analyzed using both qualitative and
quantitative methods to identify trends, challenges, and potential areas for improvement in STEM
education. The findings of this study will contribute to policy recommendations aimed at bridging the gap
between high school and university STEM education in Albania.

IV. CONCLUSION

STEM education investment in Albania remains essential to make students ready for demanding
university coursework together with emerging workplace requirements. The recent technological
developments in artificial intelligence and renewable energy as well as data science need a solid STEM
base for boosting innovation and global marketplace performance.

Surveys generate data that reveals matters that are not clearly discoverable using traditional research
approaches. The analysis should examine both emotional distress among students alongside psychological
issues combined with financial problems and social interaction challenges.

The evaluation of curricula combined with textbooks and teaching methods relies on survey data. Surveys
enable evaluators to pinpoint sections that contain content that is no longer current or fails to make sense
or is not meaningful.

Survey data serves as foundational evidence that supports decision-making for people serving in
educational roles as well as policymakers and administrators. The gathered information enables
policymakers to make evidence-based choices regarding curriculum transformations as well as resource
assignments and student support programs.

Surveys help measure the complete educational conditions through evaluations of learning spaces and
campus infrastructure along with student assistance systems. Educational organizations can use the
acquired information to establish a more positive learning environment that embraces inclusion.

A combination of survey tools helps educational institutions evaluate student satisfaction about their
academic programs and student interaction within the educational environment.
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