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Abstract 

As artificial intelligence increases and is used in daily life activi- 

ties, the need to understand and interact with artificial intelligence 

has become important and is now emphasized in undergraduate 

and graduate programs. Even though AI is being taught, some top- 

ics such as computer vision (DETR, YOLOv8, Faster R-CNN, and 

SSD) remain difficult for students to understand and incorporate 

into practice. Without a definite percentage indicating how many 

students are affected, current discussions continue to show that 

computer vision is one of the topics learners struggle to grasp [3]. 

To address these challenges, a structured framework of hands- on 

labs in computer vision can support students in strengthening 

their comprehension at both undergraduate and graduate levels. 

A hands-on lab is a structured learning activity in which students 

actively perform tasks, experiments, or problem-solving activities 

using tools, technologies, or data rather than relying solely on lec- 

tures. This experiential approach requires learners to interact with 

software, equipment, or real-world datasets to apply theoretical 

concepts in a practical context. Hands-on labs help students un- 

derstand complex AI and computer vision topics by transforming 

abstract concepts such as convolution, feature extraction, and ob- 

ject detection pipelines into concrete, interactive experiences that 

enhance understanding. By working directly with detection mod- 

els like YOLO, SSD, Faster R-CNN, and DETR, students develop 

stronger intuition, reduce cognitive overload, and build practical 

skills needed to apply these systems in real-world scenarios. Prior 

research in computing and engineering education indicates that 

project-based and hands-on learning approaches significantly im- 

prove student comprehension, engagement, and overall learning 

outcomes [4]. 
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1 Introduction 

Computer vision is a branch of artificial intelligence that enables 

computers to interpret, analyze, and derive meaningful information 

from visual data such as images and videos, in a manner analo- 

gous to human visual perception. Computer vision systems oper- 

ate through cameras or vision-based applications with the aim of 

enabling machines to perform tasks traditionally carried out by 

humans. These systems are widely used in applications such as 

surveillance, access control, and automated authentication. 

In recent years, computer vision technologies have become in- 

creasingly embedded in everyday life. From mobile devices and 

intelligent surveillance systems to autonomous platforms and in- 

dustrial inspection environments, computer vision provides effec- 

tive mechanisms for enabling machines to perceive and interpret 

visual information. Although user interaction with computer vi- 

sion systems is often implicit and brief, the underlying technology 

encompasses a rich set of algorithms, computational models, and 

data-processing pipelines. The integration of high-performance and 

distributed computing further illustrates the scalability and 

complexity of modern computer vision systems, particularly in real- 

time and large-scale visual analysis. These characteristics naturally 

stimulate students’ curiosity and encourage further exploration of 

computer vision as a core area of artificial intelligence and computer 

science. 
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The pervasive nature of computer vision in everyday scenarios 

presents a unique opportunity for computer science education at 

both undergraduate and graduate levels. Students are already famil- 

iar with the user-oriented outcomes of vision-based technologies 

and are positioned to engage in deeper exploratory learning. By 

demystifying the core principles of computer vision, educators can 

transform students’ casual encounters with visual technologies into 

meaningful learning experiences. This educational process not 

only deepens students’ understanding of visual data process- ing 

and algorithmic design, but also fosters critical thinking about the 

limitations, security considerations, and ethical implications of 

intelligent visual systems. 

To support this educational goal, a structured framework of 

hands-on laboratories in computer vision is adopted in this work. A 

hands-on lab is defined as a structured learning activity in which 

students actively perform tasks, experiments, or problem-solving 

activities using software tools, development frameworks, or real- 

world datasets, rather than relying solely on lectures. This experi- 

ential learning approach requires students to interact directly with 

computer vision libraries and data, enabling them to apply theo- 

retical concepts in a practical context. Such a framework supports 

students in strengthening their comprehension of computer vision 

concepts at both undergraduate and graduate levels. 

Through hands-on experimentation, abstract concepts such as 

convolution operations, feature extraction, image representation, 

and object detection pipelines are transformed into concrete and 

interactive experiences. By implementing and testing vision algo- 

rithms, students are able to intuitively understand how individual 

components contribute to the behavior of a complete computer vi- 

sion system. This learning approach also enables students to relate 

theoretical knowledge to real-world computer vision applications 

encountered in daily life. 

This instructional model emphasizes the close integration of 

technology and practice, encouraging student engagement while 

simultaneously developing practical application skills. Through this 

approach, students not only grasp the technical fundamentals of 

computer vision systems but also learn to critically evaluate system 

performance and design choices. By bridging theoretical instruc- 

tion with hands-on implementation, this pedagogical framework 

enables students to apply computer vision knowledge to real-world 

problems, thereby strengthening their comprehensive understand- 

ing and practical competence in intelligent visual systems. 

 

 

2 Design Principles 

2.1 Introduction to Design Principles 

The computer vision instructional framework presented in this work 

is guided by a set of core design principles aimed at maximiz- ing 

educational value through hands-on learning. These principles are 

designed to ensure a balance between practical experimenta- tion 

and a strong theoretical foundation. By engaging students in 

structured hands-on labs involving modern computer vision mod- 

els, real-world datasets, and systematic evaluation procedures, the 

framework bridges the gap between conceptual understanding and 

real-world applications. The overarching goal is to foster a deep 

understanding of visual perception pipelines, model behavior, and 

the challenges associated with deploying computer vision systems 

in practical and safety-critical environments. 

 

2.2 Structured Hands-On Lab Guidance 

Central to this instructional framework is the use of clearly defined, 

goal-oriented, and scenario-based hands-on laboratory guidance. 

Each lab begins with an explicit statement of learning objectives 

that outlines the specific computer vision concepts, techniques, or 

system behaviors students are expected to understand by the end 

of the activity. These objectives provide clear direction, align the 

lab with course-level learning outcomes, and help students focus 

on conceptual understanding rather than procedural completion. 

To contextualize learning, each lab is framed around a realistic 

application scenario drawn from real-world computer vision use 

cases, such as object detection in surveillance systems, image pre- 

processing for autonomous platforms, or performance evaluation 

under varying environmental conditions. The scenario-based struc- 

ture encourages students to approach each lab as a problem-solving 

task, reinforcing the relevance of theoretical concepts to practical 

system behavior and application-driven constraints. 

Prior to experimentation, students are provided with detailed 

documentation describing the lab scenario, system setup, experi- 

mental workflow, and expected analytical outcomes. Baseline code, 

predefined functions, and supporting resources are supplied to re- 

duce unnecessary implementation overhead and allow students to 

focus on reasoning about model behavior, interpreting results, and 

evaluating design decisions within the computer vision pipeline. 

This structured guidance promotes consistency across labs while 

supporting deeper engagement, analytical reasoning, and concep- 

tual clarity. 

 

2.3 Modular and Scalable Lab Design 

To accommodate diverse educational objectives and student back- 

grounds, the computer vision labs are designed using a modular 

structure. Each module focuses on a specific aspect of the com- 

puter vision pipeline, such as dataset preparation, model inference, 

image modification, or performance evaluation. This modularity en- 

ables instructors to tailor lab selections to course-specific goals and 

to scale technical complexity according to student expertise. The 

flexible design supports both introductory exposure and advanced 

investigation, making the framework adaptable across multiple 

course levels. 

 

2.4 Critical Thinking and Analytical Reasoning 

The tiered structure of the hands-on labs is intentionally designed to 

promote critical thinking and problem-solving. Rather than treat- ing 

model outputs as black-box results, students are encouraged to 

analyze why changes in input conditions lead to variations in 

detection performance. Through structured comparison of models 

and experimental conditions, students develop the ability to reason 

about architectural trade-offs, robustness, and failure modes. This 

evaluative process strengthens analytical skills essential for work in 

computer vision, artificial intelligence, and related research and 

development fields. 
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2.5 Stable and Reproducible Development 

Environment 

To reduce the complexity associated with configuring computer 

vision development environments, the lab framework relies on a 

stable and reproducible computational setup. All required tools, 

libraries, and dependencies are explicitly specified to ensure con- 

sistency across experiments and student submissions. By minimiz- 

ing setup-related obstacles, students are able to focus on learning 

objectives and experimental analysis rather than troubleshooting 

environmental issues. This emphasis on reproducibility reinforces 

best practices commonly used in computer vision research and 

deployment. 

 

2.6 Experimentation and Evaluation-Oriented 

Learning 

In alignment with empirical practices in computer vision research, 

the labs emphasize systematic experimentation and quantitative 

evaluation. Students are guided to collect measurable performance 

data, organize results in structured formats, and visualize trends 

across experimental conditions. This evaluation-oriented design 

encourages students to draw defensible conclusions based on empir- 

ical evidence rather than anecdotal observation. Through repeated 

experimentation and reflection, students gain experience assessing 

system behavior under varying conditions, reinforcing a disciplined 

approach to computer vision analysis. 

 

2.7 Differentiation Between Undergraduate and 

Graduate Lab Design 

While the hands-on lab framework is unified by a common peda- 

gogical foundation, its implementation is deliberately differentiated 

to address the distinct learning objectives of undergraduate and 

graduate students. 

At the undergraduate level, labs emphasize conceptual under- 

standing and guided exploration. Students focus on observing and 

interpreting the behavior of computer vision systems under con- 

trolled conditions using predefined experimental parameters and 

structured questions. This approach supports the development of in- 

tuition around fundamental concepts such as image representation, 

convolutional processing, and object detection pipelines. 

At the graduate level, the framework is extended to support 

deeper analytical reasoning and independent investigation. Re- 

duced scaffolding encourages students to formulate hypotheses, 

analyze architectural differences, and interpret results in the con- 

text of real-world deployment and system robustness. This tiered 

design allows students to revisit core computer vision concepts 

with increasing sophistication and prepares them for advanced 

research or professional application. 

 

2.8 Limitations and Threats to Validity 

Several limitations and potential threats to validity should be ac- 

knowledged. First, the effectiveness of the proposed hands-on labo- 

ratory framework has not yet been empirically validated using con- 

trolled experimental designs. Student perceptions and self-reported 

learning gains may not fully reflect objective improvements in 

conceptual understanding or long-term retention. 

Additionally, the implementation of hands-on labs may be influ- 

enced by contextual factors such as class size, instructor expertise, 

available computational resources, and student prior knowledge. 

These factors may affect the generalizability of the framework 

across institutions. Future evaluations should account for these 

variables to ensure robust assessment of instructional effectiveness. 

 

3 Implementation 

The hands-on computer vision labs are implemented within the 

Department of Computer Science and deployed to both undergrad- 

uate and graduate students who have completed at least one prior 

course in artificial intelligence or a closely related subject. This pre- 

requisite ensures that participants possess foundational knowledge 

in machine learning concepts, allowing the labs to focus on applied 

understanding rather than introductory theory. 

The labs are integrated into existing course structures and deliv- 

ered as guided experimental activities. Undergraduate and graduate 

students complete the same core lab framework, with expecta- tions 

and analytical depth adjusted according to academic level. Students 

interact directly with pretrained computer vision mod- els, real-

world datasets, and controlled experimental conditions, enabling 

observation and analysis of system behavior through struc- tured 

tasks and reflective questions. 

Following completion of the labs, a structured survey is adminis- 

tered to participating students to assess perceptions of the hands-on 

lab experience and its impact on understanding computer vision 

concepts. Survey questions evaluate how effectively the labs sup- 

ported learning objectives, enhanced comprehension compared to 

traditional instruction, and influenced student confidence in work- 

ing with computer vision systems. 

In addition, the survey collects feedback on model preference. 

Students reflect on the computer vision models explored in the labs 

and indicate which architectures they found most intuitive or effec- 

tive based on experimental observations. This feedback provides 

insight into how hands-on interaction influences understanding of 

model behavior, performance trade-offs, and practical applicability. 

 

4 Discussion 

The proposed hands-on laboratory approach to teaching computer 

vision is motivated by the limitations of traditional instructional 

methods, such as lectures and video-based learning, which often 

emphasize passive knowledge acquisition and can make it difficult 

for students to grasp abstract and mathematically complex con- 

cepts. Hands-on labs support experiential learning by enabling stu- 

dents to actively engage with algorithms, data, and visual outputs, 

thereby promoting deeper conceptual understanding, improved 

knowledge retention, and increased learner confidence. Compared 

to lecture-heavy or note-centered instruction, this approach en- 

courages greater student engagement and reduces disengagement by 

allowing learners to apply theoretical concepts to practical, real- 

world scenarios in a controlled and low-risk environment. While the 

effectiveness of this methodology has not yet been empirically 

evaluated, it provides a structured framework for bridging the gap 

between theory and practice and serves as a foundation for future 

validation and instructional refinement. 
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5 Conclusion 

This paper introduced a structured hands-on laboratory framework 

for teaching computer vision, motivated by the challenges students 

commonly encounter when learning abstract and mathematically 

intensive concepts through traditional lecture-based instruction. By 

integrating experiential learning with modular and scalable lab 

design, the proposed methodology aims to strengthen conceptual 

understanding, promote analytical reasoning, and support the devel- 

opment of practical skills across both undergraduate and graduate 

levels. Although empirical validation is ongoing, the framework 

offers an adaptable and reproducible instructional model that can be 

readily integrated into existing computer science curricula. Future 

work will focus on quantitative and qualitative evaluation of learn- 

ing outcomes, student engagement, and instructional effectiveness 

to further refine and validate the approach. 
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