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Pattern recognition is a cornerstone of Artificial Intelligence (Al), shaping
critical applications such as image analysis, speech processing, and automated
decision-making. This study examines the impact of university curricula on
developing Al competencies through dedicated pattern recognition training.
A mixed-methods approach was employed to assess student comprehension,
curriculum effectiveness, and challenges in mastering advanced concepts. The
analysis reveals that structured coursework significantly enhances practical
Al skills; therefore, recommendations include integrating more hands-on
experiences and continuously updating course content. Such refinements
promise to better prepare students for real-world challenges and industry
demands. In conclusion, evolving instructional practices are essential for robust
Al expertise.
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1 Introduction

Artificial Intelligence (AI) has transformed various industries by automating human
tasks. Consequently, pattern recognition, a key AI component, allows machines to
analyze data and make predictions (Slimi and Carballido, 2023). In AI education,
understanding pattern recognition is crucial for students aiming to build intelligent
systems. Hence, universities increasingly integrate digital tools into their curricula,
enhancing learning experiences. Research in Kazakhstan highlights the benefits of
such integration, demonstrating improved student performance when technology-driven
teaching is employed (Tokzhigitova et al.,, 2023). For instance, Karatayeva et al. (2024)
demonstrated that incorporating digital tools and interactive simulations into renewable
energy education significantly improved student outcomes. Students who engaged
with technology-enhanced curricula outperformed their peers in traditional settings,
underscoring the effectiveness of digital learning environments. Similarly, Kuanbayeva
et al. (2024) explored augmented reality (AR) in science education, finding that AR
not only enhanced learning outcomes but also improved engagement, communication,
and collaboration skills. Moreover, Serik et al. (2024) examined big data education
in Kazakhstani universities, emphasizing the importance of practical training in data
processing and analysis using algorithms like k-means clustering. Collectively, these studies
reflect a growing commitment to digital education, aligning with the need for pattern
recognition training in Al curricula to equip students with essential skills for handling
large datasets and building intelligent systems.
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The aim of this study is to evaluate the effectiveness of the
pattern recognition syllabus in enhancing student’s understanding
and skills which are related to Al, neutral networks and image
recognition technologies. Similarly, the objectives supporting this
aim include:

e To examine how pattern recognition is interlinked with the
advancement of Artificial Intelligence in the 21st century.

e To assess the depth of knowledge that students gain in pattern
recognition concepts and Al technologies.

e To evaluate the impact of course content on student’s ability to
independently develop pattern recognition systems for AL

This study begins by examining foundational literature on
pattern recognition and Al, covering its origins and how
modern universities integrate essential skills and digital tools
into their curricula. The review also highlights gaps within
existing findings. The methodology section employs a qualitative
approach, using coursework analysis, pre- and post-assessments,
and content analysis to ensure the study’s aims and objectives are
fully addressed. In this context, Karaganda University’s pattern
recognition curriculum, course code 6B06103, will be evaluated to
identify areas that either support or limit student learning. This
will be followed by a results section that examines the curriculum’s
strengths and weaknesses, particularly its impact on developing
AT skills in students, both in understanding AI and in applying
these skills to real-world scenarios. Finally, the conclusion will
summarize the study’s findings.

2 Comprehensive theoretical basis

2.1 Pattern recognition and Al education

Pattern recognition enables machines to process and classify
information in ways that mimic human cognition (Basu et al,
2010). Batchelor (2012) illustrates this by comparing machine
learning to how children recognize objects—through repeated
exposure and pattern association. Al, first coined by McCarthy
in 1955 (Guan et al., 2020), has evolved into a field where
technologies such as machine learning and neural networks
allow for decision-making based on vast datasets. However, these
systems require skilled professionals to design and optimize them
for various applications, from medical diagnostics to automated
decision-making. The rapid growth of AI has led universities
to prioritize AI education, incorporating courses in machine
learning, robotics, and natural language processing (Chen et al.,
2022). Shiohira (2021) highlights that AI-driven automation could
significantly impact the workforce, making Al literacy essential for
future professionals. Many universities now integrate AI-powered
platforms such as Altitude Learning and Gradescope, which adapt
to students’ learning paces and reinforce personalized education
(Issayeva, 2024). Pattern recognition is central to Al curricula,
with key models such as prototype and exemplar recognition
forming the basis of AI applications (Fontanella et al., 2020).
A summary of the main pattern recognition models, their core
features, and application domains is presented in Table 1 to support
understanding of how these approaches contribute to different
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TABLE 1 Key recognition models and applications.

Model Key characteristics Examples of use
type cases
Prototype Relies on generalized templates, Image recognition (e.g.
Pattern where patterns are compared to a identifying objects in
Recognition | standard prototype representing a images), facial

category. In other words, this recognition.

model simplifies recognition by

focusing on the most typical

features of an object.
Exemplar Uses specific, real examples which Medical Diagnostics (e.g.
Pattern are stored in memory. Thus, comparing patient data
Recognition | creating room for more detailed to previous cases),

and individual pattern matching. personalized treatments.

Suitable for complex patterns that

vary significantly.
Statistical Based on probabilistic models and Financial Modeling (e.g.
Pattern feature-based classification. Uses predicting stock trends),
Recognition | statistical methods to analyze risk prediction in

features and make predictions or insurance.

classifications. Effective with large

data sets.
Structural Analyzes the relationships and Speech recognition (e.g.
Pattern arrangements within data, often understanding language
Recognition | using graphs and strings. Suitable structure), syntactic

for recognizing structured, pattern analysis (e.g.

hierarchical patterns. grammatical pattern

recognition in text).

areas of Al practice. Prototype recognition relies on generalized
templates for classification, making it useful for image and speech
recognition, while exemplar recognition stores specific examples
for comparison, which is critical in medical diagnostics (Bonnet,
2000). Additionally, statistical and structural recognition models
contribute to AI applications in finance, security, and language
processing (Baron, 2006).

To demonstrate how pattern recognition can be effectively
taught as a dedicated subject, Table 2 presents an overview
of the weekly structure of the “Pattern Recognition” course
implemented at Karaganda University. The course design reflects
the principles of experiential learning and digital pedagogy,
combining theoretical instruction with tool-based implementation.
It gradually progresses from foundational AI tasks to advanced
neural network applications, using platforms such as Python,
OpenCV, Google Colab, and TensorFlow. This structure offers
a practical and scalable model for other institutions aiming to
enhance Al curricula.

2.2 Gaps in existing literature

Despite the significant attention given to pattern recognition
in Al education, there are crucial areas within the exploration of
this framework that remain underdeveloped. The first notable gap
is that pattern recognition is rarely treated as a standalone course in
university curricula. Instead, it is frequently bundled into broader
courses such as machine learning or data science (Paolanti and
Frontoni, 2020). While these subjects are closely related, the depth
and centrality of pattern recognition within Al systems justify its
inclusion as a distinct course (Zhang et al., 2021; Chen et al,
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TABLE 2 Weekly syllabus outline for the “pattern recognition” course: topics, concepts, tools, and assessments.

Week Topic Key concepts Tools/Technologies  Assessment type ‘
1 Introduction to Pattern Recognition Al-based pattern identification Python, OpenCV Introductory quiz

2 Working in Google Colaboratory Cloud-based coding, collaboration Google Colab Lab setup and demo
3 Document Scanning Techniques Text detection, preprocessing OpenCV Coding task

4 Optical Character Recognition (OCR) OCR principles, Tesseract Python, Tesseract OCR assignment

5 Cluster Analysis Data grouping, unsupervised learning | Scikit-learn Mini-project

6 Object Detection and Tracking Classification, localization YOLO, OpenCV Hands-on lab

7 Feature-Based Object Recognition Feature extraction, matching OpenCV Coding exercise

8 Neural Networks: History & Applications | Evolution and key uses Lecture-based Reflection essay

9 Neural Network Control Systems Signal flow, control logic Keras, TensorFlow Code walkthrough
10 Neural Networks in Practice Classification, prediction models TensorFlow, Colab Application task

11 Neural Networks Across Domains Use in health, finance, etc. Case studies Group presentation
12 State-of-the-Art Al Current breakthroughs Research articles Literature review

13 Deep Optimization Hyperparameter tuning TensorFlow, Keras Optimization lab

14 Functional Artificial Intelligence Applied Al systems Project-based Mid-project review
15 Current Results & Open Problems Emerging challenges in the field Discussion-based Final presentation

2022). By addressing it as a subset within other courses, universities
risk undermining its importance, thus leaving students with a
fragmented understanding of pattern recognition as a foundational
skill in AT education.

Another gap lies in how pattern recognition models are
presented in educational materials. Often, they are either too
simplistic or overly complex, making it difficult for students
to grasp key concepts effectively. For instance, some models
described in research by Batchelor (2012); Data (2024) are highly
detailed but may overwhelm students who are new to the subject.
This creates a need for more balanced teaching materials that
bridge theoretical knowledge with practical applications, making
pattern recognition more accessible to students at varying levels of
Al expertise.

Furthermore, research on the role of pattern recognition
education in student success and career readiness remains limited.
While the technical efficiency of AI systems utilizing pattern
recognition has been well documented (Paolanti and Frontoni,
2020), studies focusing on its direct impact on students’ problem-
solving and adaptability skills are scarce. This study is grounded
in the theoretical framework of experiential learning, which
emphasizes learning through doing—particularly through hands-
on projects, real-world problem-solving, and iterative application
of knowledge. By embedding experiential strategies within pattern
recognition instruction, we align AI education with pedagogical
models that support deep, transferable learning.

Additionally, the findings extend conversations in digital
pedagogy by showing how structured, tool-based instruction (e.g.,
using Python, OpenCV, and Google Colab) helps students bridge
conceptual understanding and applied skill development. This
approach supports the design of more effective Al curricula that
not only deliver content but also cultivate problem-solving skills in
authentic learning contexts.
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TABLE 3 Annual student enrollment and average scores for the “pattern
recognition” curriculum.

Academic Year Faculty Number Average
year of score
students
2021-2022 4th Information 45 88.6%
technologies

2022-2023 4th 73 91.6%

2023-2024 3rd 60 85.8%
4th 60 85.8%

Hence, further research should assess how mastering pattern
recognition influences students’ ability to innovate and apply
Al solutions in real-world scenarios. Deducing from these
studies, it can be stated that integrating pattern recognition
into AI education is crucial for equipping students with
the skills needed to build adaptive AI systems. Universities
should emphasize structured pattern recognition courses,
ensuring students can apply these concepts in real-world
Al applications. Future research should explore the long-
term benefits of pattern recognition training in professional

Al careers.

3 Methodology

This study adopted a mixed-methods approach, integrating
qualitative and quantitative research to analyze students’
experiences and learning outcomes. A structured research
design facilitated a systematic investigation, aligning with claims
in previous work, that research should transition logically from
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problem formulation to conclusion (Maxwell, 2013). Qualitative
research, rooted in constructionism and phenomenology, provided
insights into students’ perspectives on curriculum relevance
and teaching methodologies (Onwuegbuzie and Leech, 2007).
A student-centered sampling strategy was used to include
participants from diverse academic backgrounds, ensuring
a nuanced understanding of how the curriculum influenced
learning experiences. The sampling followed a purposive strategy,
targeting third- and fourth-year undergraduate students enrolled in
Information Technology and Computer Science programs who had
completed the Pattern Recognition course. A total of 60 students
participated, selected for their direct exposure to the course content
and ability to reflect on learning outcomes. Data was collected
through interviews, surveys, coursework reviews, and observations.
Pre- and post-test assessments measured knowledge acquisition,
while surveys and semi-structured interviews explored students’
satisfaction and self-reported progress. Coursework analysis
further assessed students’ ability to apply pattern recognition
skills in AI development. Content analysis, following Stemler’s
approach identified patterns in curriculum effectiveness and
student feedback (Stemler, 2015). Thematic analysis highlighted
recurring themes, pinpointing strengths and areas for curriculum
improvement. Findings indicated that hands-on projects and
real-world applications enhanced student engagement and
comprehension (Chen et al, 2022). However, students noted
challenges in mastering complex pattern recognition concepts,
emphasizing the need for additional support. Instructors
also reported that embedding pattern recognition within
broader AI courses sometimes limited in-depth understanding.
Therefore, while the curriculum proved effective, integrating
more real-world applications and refining content delivery
could further enhance learning outcomes. Future improvements
should focus on bridging theoretical and practical components
to ensure students develop the necessary AI expertise for
industry applications.
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TABLE 4 Student engagement and satisfaction survey results.

Course aspect Student satisfaction rating (1-5)

Content delivery 4.6%
Skills acquisition 4.8%
Engagement strategies 4.5%
Tool utilization (Google Colab) 4.7%

4 Results and discussion

This section evaluates the effectiveness of the “Pattern
(6B06103—Information

Karaganda University, focusing on content delivery, student

Recognition”  course Systems)  at
engagement, satisfaction, and performance trends. The findings
highlight the course’s impact on student learning outcomes and
preparedness for Al-focused careers.

Student Trends: ~Student

enrollment has steadily increased in the Information Technologies

Enrollment and Performance
faculty, especially for the “Pattern Recognition” course. The
data from the past three academic years show rising enrollment
and high academic achievement, as illustrated in Table 3. The
increase in scores, particularly in 2022-2023 when AI topics were
added, suggests that curriculum updates contribute to improved
student performance.

Skills Application: ~ Student
assessments before and after the course show significant

Acquisition and  Practical
improvement in skills such as object detection and neural
network understanding, especially with tools like Google Colab,
Python, and OpenCV. This is reflected in the data presented
in Figure 1. These practical tools have elevated both theoretical
knowledge and real-world application of AI concepts.

Student
demonstrate strong engagement during practical sessions,

Engagement and  Satisfaction: ~Survey results
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https://doi.org/10.3389/feduc.2025.1592209
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Kazimova et al.

with high satisfaction ratings, particularly for skills acquisition
and tool utilization (Table 4). However, students suggested more
structured guidance for advanced topics like neural networks.

Equipping AI Students for Real-World Development: The course
prepares students with both theoretical and practical knowledge,
essential for developing AI systems. As the findings indicate,
incorporating Al tools like Google Colab and OpenCYV significantly
boosts students’ practical skills, which are vital for AI careers.
The practical sessions reinforce learning, making students more
confident in their abilities.

5 Recommendations for course
improvement

While  the
improvement include:

course is comprehensive, areas for

e Enhanced Guidance for Advanced Topics: Some students
found topics like neural networks challenging. Providing
additional resources and structured tutorials could improve

scaffolded

that gradually introduce neural network

understanding. Educators could implement
assignments
architectures, supported by step-by-step video walkthroughs
and visual simulations to demystify abstract concepts.

o Accessible Teaching Materials: Simplifying complex materials
could balance theory and practical application, making pattern
recognition more accessible to all skill levels. Using interactive
visualizations and annotated code notebooks in platforms
like Google Colab may help students better connect theory
to implementation.

e Research on Educational Impact: More research is needed to
evaluate the specific benefits of teaching pattern recognition
in terms of real-world problem-solving and adaptability.
Future iterations of the course could also include structured
lab modules using tools like OpenCV and TensorFlow,
accompanied by dedicated tutorial sessions that support

students with varying programming backgrounds.

6 Conclusion

This study emphasizes the role of pattern recognition
Results
improvement in students’ skills in machine learning and data

in developing AI competencies. show significant
analysis, increasing their readiness for AI careers. However,
integrating pattern recognition into broader courses dilutes its
importance. Future courses should focus on pattern recognition as
a standalone subject to enhance student understanding and career
readiness. Future research should continue exploring the impact of
targeted pattern recognition education on Al career preparation.
While this research provides valuable insights, it is based
on a single institutional context within Kazakhstan. Institutional,
cultural, and curricular differences in other countries may affect
how pattern recognition is taught and perceived. Therefore,
caution should be taken when generalizing these findings
across global educational settings. Future studies should consider
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comparative analyses across multiple universities and regions to
explore how localized factors influence learning outcomes in
Al-related subjects.
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