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Abstract 

This paper explores the transformative role of artificial intelligence (AI) and real-time learning dashboards in 

revolutionizing STEM education, specifically within electrical and electronics engineering. Through the 

implementation of AI-powered tools, the study demonstrates significant improvements in student performance, 

comprehension, and retention. Personalized learning paths, driven by AI algorithms, address individual student 

needs, enhancing their mastery of complex topics such as circuit design, power systems, and signal processing. 

The study presents case studies and statistical analyses that validate the effectiveness of these tools, highlighting 

their potential to enhance educational outcomes and contribute to the development of a skilled workforce in 

advanced technological fields. Furthermore, the paper discusses the broader implications for national STEM 

education and suggests future research to expand the scope and capabilities of AI applications in education. The 

findings underscore the importance of integrating AI-driven tools to meet the Department of Education's goals 

and ensure equitable access to quality education. 
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I. Introduction 

1.1 Background 

STEM (Science, Technology, Engineering, and Mathematics) education equips students with the 

essential skills and knowledge needed to thrive in a rapidly advancing technological world. Engineering 

disciplines, particularly electrical and electronics engineering, are at the forefront of this educational paradigm 

(Fomunyam, 2021). The significance of STEM education in these fields cannot be overstated, as it underpins 

innovation and development across many sectors, including telecommunications, automation, renewable energy, 

and more. Engineers trained in these disciplines drive technological progress and maintain global competitiveness 

(Porlles, Tomomewo, Uzuegbu, & Alamooti, 2023; Ugwu & Adewusi, 2024). 

Despite its critical importance, STEM education faces numerous challenges, particularly in electrical and 

electronics engineering. One of the primary challenges is the complexity of the subject matter, which includes 

intricate topics such as circuit design, power systems, and signal processing (Orikpete, Ikemba, & Ewim, 2023). 

These areas require a deep understanding of both theoretical principles and practical applications, making it 

difficult for many students to grasp fully. Traditional teaching methods often fall short in addressing individual 

learning needs, leading to varying degrees of comprehension among students (D. R. Ewim, Olatubosun, & 

Abolarin, 2024; D. R. E. Ewim, Abolarin, Scott, & Anyanwu, 2023). 

Another significant challenge is the retention rate in STEM programs. Many students find the rigorous 

curriculum daunting and may struggle to keep up with the pace of the coursework. This issue is compounded by 

a lack of real-time feedback and personalized learning support, which are crucial for helping students identify and 

overcome their weaknesses. Consequently, there is a pressing need for innovative educational tools and strategies 

that can enhance the learning experience and improve retention rates in STEM disciplines (Holland, 2019). 

 

1.2 Objective 

In light of these challenges, this paper aims to explore the transformative potential of artificial 

intelligence and real-time learning dashboards in revolutionizing electrical and electronics engineering education. 
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The primary objective is to examine how these advanced technologies can provide real-time feedback, 

personalized learning experiences, and data-driven insights to improve learning outcomes and student retention 

significantly. 

AI-powered tools have the potential to address the limitations of traditional teaching methods by offering 

customized learning paths tailored to individual student needs. These tools can track student performance 

continuously through real-time data collection and analysis, allowing educators to identify struggling students and 

intervene promptly. Moreover, AI-driven learning dashboards can present complex information in more digestible 

formats, aiding in comprehending challenging subjects. 

This paper will comprehensively analyze case studies and experiments conducted in laboratory 

environments where AI-enhanced learning dashboards have been implemented. These case studies will 

demonstrate AI tools' practical application and benefits in educational settings. Specifically, the research will 

focus on how AI-driven dashboards can optimize learning paths, provide timely interventions, and ultimately 

enhance student comprehension in circuit design, power systems, and signal processing. Additionally, the paper 

will provide empirical data on the impact of AI-powered feedback systems on student learning outcomes. By 

analyzing performance metrics before and after the integration of AI tools, the study aims to quantify the 

improvements in student comprehension and retention. Surveys and feedback from both students and instructors 

will also be incorporated to offer a holistic view of the effectiveness of real-time learning dashboards. 

 

II. Literature Review 

2.1 AI in Education 

Artificial Intelligence (AI) has increasingly found its way into educational settings, promising to 

revolutionize traditional learning paradigms. AI applications in education encompass a wide range of tools and 

techniques designed to enhance teaching and learning processes. These include intelligent tutoring systems, 

adaptive learning platforms, automated grading systems, and virtual teaching assistants (Ouyang & Jiao, 2021). 

Intelligent tutoring systems (ITS) are AI-driven platforms that provide personalized instruction and 

feedback to students (Mousavinasab et al., 2021). They mimic the behavior of human tutors by adapting to the 

learning pace and style of individual students, thereby facilitating a more tailored educational experience. These 

systems can diagnose student weaknesses, provide hints and explanations, and adjust the difficulty of tasks based 

on the student’s performance (Rızvı, 2023). 

Adaptive learning platforms leverage AI algorithms to personalize the learning experience. They analyze 

data from student interactions with the platform to identify knowledge gaps and adjust the content delivery 

accordingly. This ensures that each student receives the most relevant instruction to their current understanding 

and needs, which can significantly enhance learning efficiency and outcomes (Dutta et al., 2024). 

Automated grading systems use AI to evaluate and grade student work, particularly for assignments that 

involve objective answers such as multiple-choice questions. More advanced systems can even assess open-ended 

responses by understanding natural language and evaluating the logic and coherence of student answers. This 

speeds up the grading process and provides students with immediate feedback, which is crucial for their learning 

progress (Ramesh & Sanampudi, 2022).  

Virtual teaching assistants are AI-driven chatbots or virtual agents that assist students with their queries 

outside of classroom hours. They can answer frequently asked questions, provide explanations, and guide students 

through learning resources. This support can be particularly valuable in large classes where individual attention 

from the instructor may be limited (Ikemba et al., 2024; Olaleye, Oloye, Akinloye, & Akinwande, 2024). 

Numerous studies have explored the efficacy of AI-driven personalized learning in various educational 

contexts. One notable study by Xu, Wijekumar, Ramirez, Hu, and Irey (2019) investigated the impact of intelligent 

tutoring systems on student performance. Their meta-analysis of 50 controlled evaluations revealed that students 

using ITSs scored on average 0.66 standard deviations higher than those receiving traditional classroom 

instruction. This significant improvement underscores the potential of AI to enhance educational outcomes. 

Another study by Gligorea et al. (2023) examined the effects of adaptive learning technologies on student 

engagement and performance in online courses. The research found that adaptive learning systems, which tailor 

content delivery based on real-time analysis of student data, led to higher engagement and improved performance 

compared to traditional, one-size-fits-all approaches. Students reported that the personalized nature of the content 

helped them stay motivated and better understand complex concepts. 

Furthermore, a study by Barkoczi, Maier, and Horvat-Marc (2024) highlighted the benefits of AI-driven 

personalized learning in STEM education. Their research demonstrated that intelligent tutoring systems could 

significantly improve student understanding of challenging subjects such as mathematics and science. The study 

also noted that the immediate feedback provided by these systems helped students correct misconceptions and 

build a stronger foundation of knowledge. In the context of higher education, a study by Graesser et al. (2018) 

explored the use of AI in personalized learning for engineering students. The researchers found that AI tools that 

provided real-time feedback and tailored learning paths significantly improved student comprehension in subjects 
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like circuit design and signal processing. The study also emphasized the importance of integrating AI tools with 

traditional teaching methods to maximize their effectiveness. 

Overall, the body of literature on AI-driven personalized learning suggests that these technologies can 

significantly enhance educational outcomes by providing tailored instruction, immediate feedback, and adaptive 

content delivery. These benefits are particularly pronounced in complex and challenging subjects where traditional 

teaching methods may fall short. 

 

2.2 Real-Time Learning Dashboards 

2.2.1 Functionality and Benefits of Learning Dashboards 

Real-time learning dashboards are powerful tools that provide educators and students with immediate 

insights into the learning process. These dashboards aggregate and visualize data from various educational 

activities, offering a comprehensive view of student performance, engagement, and progress. The primary 

functionality of learning dashboards includes tracking student performance, identifying learning trends, and 

facilitating timely interventions (Susnjak, Ramaswami, & Mathrani, 2022). 

One of the key benefits of learning dashboards is their ability to provide real-time feedback. By 

continuously monitoring student activities and performance, these dashboards can identify areas where students 

are struggling and alert instructors to potential issues. This enables educators to intervene promptly and provide 

targeted support to students who need it the most (Martinez-Maldonado, 2019). Learning dashboards also enhance 

the personalization of the learning experience. They can analyze data to identify individual learning patterns and 

preferences, allowing educators to tailor their instruction to meet the unique needs of each student. This 

personalized approach can lead to more effective learning and higher student satisfaction (Susnjak et al., 2022). 

Furthermore, learning dashboards promote student self-regulation. These tools empower students to take 

ownership of their learning by providing real-time insights into their own performance. They can identify their 

strengths and weaknesses, set learning goals, and track their progress over time. This self-regulated learning 

approach has been shown to improve motivation, engagement, and academic achievement (Alam, Malone, 

Nadolny, Brown, & Cervato, 2023). 

In addition to benefiting individual students, learning dashboards can also support institutional decision-

making. These dashboards provide valuable insights into overall educational trends and outcomes by aggregating 

data at the class, department, or institution level. This information can inform curriculum development, resource 

allocation, and strategic planning, ultimately leading to improved educational quality and effectiveness (Verbert, 

Ochoa, De Croon, Dourado, & De Laet, 2020). 

 

2.2.2 Impact of Real-Time Feedback on Student Performance 

The impact of real-time feedback on student performance has been a focal point of educational research. 

Numerous studies have demonstrated that timely and actionable feedback is critical in enhancing student learning 

outcomes. A study by Guo (2022) provided a comprehensive review of the impact of feedback on learning. Their 

research highlighted that feedback is one of the most powerful influences on student achievement, with an effect 

size of 0.79. Real-time feedback, in particular, was found to be highly effective in helping students correct errors, 

understand concepts, and stay engaged in the learning process. 

In higher education, a study by Matcha, Gašević, and Pardo (2019) examined the role of formative 

feedback in promoting self-regulated learning among university students. The researchers found that real-time 

feedback provided through learning dashboards significantly improved students’ ability to self-assess their 

performance and take corrective actions. This led to higher levels of academic achievement and increased student 

satisfaction with the learning experience. 

Another study by Zhu, Liu, and Lee (2020) explored the effectiveness of formative feedback in computer-

based learning environments. The research found that real-time feedback, when delivered promptly and 

constructively, helped students build a deeper understanding of the material and improved their problem-solving 

skills. The study also noted that the immediacy of feedback was crucial in maintaining student motivation and 

engagement (Zhu et al., 2020). 

In engineering education, a study by Han, Kim, Rhee, and Cho (2021) investigated the impact of real-

time feedback on student performance in a large introductory engineering course. The researchers used learning 

dashboards to provide students with continuous feedback on their progress and performance. The study found that 

students who received real-time feedback performed significantly better on assessments and reported higher levels 

of satisfaction with the course (Han et al., 2021). Moreover, a study by Brown (2020) examined the use of learning 

analytics and dashboards in supporting student success in online courses. The researchers found that real-time 

feedback provided through dashboards helped students stay on track with their coursework and improved their 

overall performance. The study also highlighted the importance of providing specific, actionable feedback that is 

aligned with learning goals (Park & Jo, 2019). 
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Overall, the literature on real-time feedback suggests that it is a powerful tool for enhancing student performance. 

By providing immediate insights into student progress and areas for improvement, real-time feedback helps 

students stay engaged, motivated, and on the path to academic success. With their ability to deliver real-time 

feedback, learning dashboards represent a valuable asset in modern educational settings, particularly in complex 

and challenging subjects like electrical and electronics engineering. 

 

III. Methodology 

3.1 Case Studies 

3.1.1 Description of Laboratory Classes Where AI-Enhanced Tools Were Implemented 

A series of laboratory classes were selected as case studies to explore the impact of AI and real-time learning 

dashboards on electrical and electronics engineering education. These laboratory classes were specifically chosen 

because they represent critical areas within the curriculum where students often face significant challenges, such 

as circuit design, power systems, and signal processing. 

AI-enhanced tools were integrated in these laboratory settings to provide real-time feedback and personalized 

learning experiences. The AI tools included intelligent tutoring systems, adaptive learning platforms, and real-

time learning dashboards. These tools were designed to monitor student activities continuously, analyze 

performance data, and provide immediate, tailored feedback to students. The dashboards allowed both students 

and instructors to track progress, identify areas of difficulty, and implement timely interventions. 

 

3.1.2 Selection Criteria for Case Studies 

The selection criteria for the case studies were based on several key factors: 

 Relevance to Core Curriculum: The laboratory classes chosen were integral to the core curriculum of the 

electrical and electronics engineering program, ensuring that the impact of AI tools would be significant and 

broadly applicable. 

 Complexity of Subject Matter: Classes involving complex and challenging topics were prioritized, as these 

areas are where students could benefit most from personalized feedback and adaptive learning technologies. 

 Diverse Student Population: Classes with diverse student abilities and backgrounds were selected to evaluate 

the effectiveness of AI tools across different learning styles and needs. 

 Availability of Historical Data: Classes with accessible historical performance data were preferred to facilitate 

a robust comparative analysis of student outcomes before and after the implementation of AI tools. 

 

3.2 Data Analysis 

3.2.1 Metrics for Evaluating Student Performance 

To assess the effectiveness of AI-enhanced tools in improving educational outcomes, several key metrics were 

used to evaluate student performance: 

 Student performance on standardized tests and examinations was analyzed to measure the improvement 

in comprehension and mastery of course material. 

 The retention rates of students in the selected courses were monitored to determine if the AI tools had an 

impact on students' decisions to continue in the program. 

 Scores on assignments and projects were evaluated to assess the practical application of theoretical 

knowledge. 

 Data on student engagement, such as time spent on tasks and participation in class activities, was 

collected to gauge the level of student involvement and interest. 

 

3.2.2 Comparative Analysis of Performance Data Before and After AI Tool Integration 

A comparative analysis was conducted to evaluate the impact of AI tools on student performance by comparing 

data from before and after their implementation. The analysis involved: 

 Baseline Performance Data: Historical performance data from previous cohorts who did not use AI tools 

were used as a baseline for comparison. 

 Post-Implementation Performance Data: Performance data from the current cohorts using AI-enhanced 

tools were collected and analyzed. 

 Statistical Analysis: Statistical methods, such as paired t-tests and ANOVA, were used to determine the 

significance of any observed differences in performance metrics. This helped identify whether the improvements 

could be attributed to the AI tools rather than other factors. 

 

3.3 Surveys and Feedback 

3.3.1 Survey Design and Administration to Students and Instructors 

Surveys were designed and administered to both students and instructors to gather qualitative insights on the 

effectiveness of AI-enhanced tools. The survey design included: 
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 Likert Scale Questions: To quantify levels of satisfaction, perceived effectiveness, and ease of use of the 

AI tools. 

 Open-Ended Questions: To allow respondents to provide detailed feedback on their experiences, 

challenges, and suggestions for improvement. 

 Demographic Questions: To collect information on the respondents' background, which helped analyze 

the feedback in the context of different student demographics. 

The surveys were administered online at the semester's end, ensuring respondents had sufficient experience with 

the AI tools to provide informed feedback. 

 

3.3.2 Qualitative Analysis of Feedback on the Effectiveness of AI Tools 

The qualitative feedback from the surveys was analyzed using thematic analysis. This involved: 

 Coding Responses: Open-ended responses were coded to identify recurring themes and patterns in the 

feedback. 

 Identifying Key Themes: The most common and significant themes were identified, such as improved 

understanding of complex topics, increased engagement, and challenges faced while using the AI tools. 

 Correlation with Quantitative Data: The qualitative insights were correlated with the quantitative 

performance data to provide a comprehensive understanding of the impact of AI-enhanced tools on student 

learning. 

By combining quantitative data analysis with qualitative feedback, this methodology aimed to provide a holistic 

evaluation of the effectiveness of AI and real-time learning dashboards in enhancing electrical and electronics 

engineering education. The findings from these case studies and surveys will contribute to the broader 

understanding of how advanced educational technologies can be leveraged to improve learning outcomes in 

STEM disciplines. 

 

IV. Implementation of AI and Learning Dashboards 

4.1 AI-Powered Tools 

4.1.1 Description of AI Tools Used in the Study 

This study implemented several AI-powered tools to enhance the learning experience in electrical and electronics 

engineering laboratory classes. These tools included intelligent tutoring systems (ITS), adaptive learning 

platforms, and automated grading systems, all designed to provide personalized and immediate feedback to 

students. Table 1 presents the overview of AI-Powered tools in STEM education. 

 

Table 1: AI-Powered Tools in STEM Education 
Tool Algorithms Software 

Intelligent Tutoring Systems (ITS) - Combination of machine learning 
algorithms and natural language processing. 

- Assesses student responses, identifies 

knowledge gaps, and provides tailored hints 
and explanations. 

- Uses reinforcement learning to improve 
over time by learning from student 

interactions. 

- Implemented using a mix of open-source 
platforms and proprietary software. 

- Key components: Python for machine 

learning algorithms, TensorFlow for deep 
learning models, and the Natural Language 

Toolkit (NLTK) for processing student 
input. 

Adaptive Learning Platforms - Collaborative filtering and clustering 

algorithms are used to personalize content 
delivery. 

- Analyzes student performance data and 

learning behaviors to recommend relevant 
resources and activities. 

- Built with data analytics tools like Apache 

Spark and cloud-based services like AWS 
Machine Learning. 

- User interface developed with web 

technologies such as HTML5, CSS, and 
JavaScript. 

Automated Grading Systems - Leverages supervised learning algorithms 

to evaluate student submissions. 
- For objective questions, uses classification 

algorithms like logistic regression. 

- For open-ended responses, employ natural 
language processing and sentiment analysis. 

- Developed backend algorithms using 

Python and R. 
- Integrated with learning management 

systems (LMS) such as Moodle or 

Blackboard for seamless operation within 
the existing educational infrastructure. 

 

4.1.2 Integration Process of AI Tools in the Laboratory Environment 

Integrating AI tools into the laboratory environment followed a structured process to ensure smooth 

implementation and effective use, as shown in the flow chart in Figure 1. 
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Figure 1: Flowchart of AI Tool Implementation in Laboratory Settings 

 

4.2 Real-Time Feedback Mechanisms 

4.2.1 How Real-Time Feedback is Generated and Delivered to Students 

The AI-powered tools were designed to provide real-time feedback to students, enhancing their learning 

experience by offering immediate insights and corrective actions. The process of generating and delivering real-

time feedback involved several steps. The AI-powered tools were designed to provide real-time feedback to 

students, significantly enhancing their learning experience by offering immediate insights and corrective actions. 

The process of generating and delivering this feedback involved several critical steps. 

First, data collection was fundamental, as the AI tools continuously gathered information from student 

interactions. This included tracking responses to questions, monitoring the time spent on tasks, and assessing 

engagement levels. All this data was stored in a centralized database, allowing for real-time processing. Next, data 

analysis played a vital role in the feedback process. Machine learning algorithms were employed to analyze the 

collected data, identifying patterns, detecting knowledge gaps, and assessing overall student performance. For 

example, if a student consistently struggled with a particular concept, the system would flag this issue for further 

review, ensuring that no student was left behind. 

Following the analysis, feedback generation took place, where the AI tools created personalized 

responses tailored to each student's needs. This feedback could include hints, explanations, and recommendations. 

For instance, if a student made a common mistake in circuit design, the intelligent tutoring system would explain 

the error and suggest corrective steps to improve understanding. 

Finally, the delivery of real-time feedback occurred through various channels. Students received insights 

via learning dashboards, email notifications, and in-platform messages. The learning dashboards offered a visual 

representation of the feedback, making it easy for students to grasp their progress and identify areas requiring 

improvement. The AI tools effectively supported students in their learning journeys through this structured 

approach. 

 

4.2.2 Examples of Personalized Learning Paths Created by AI 

Personalized learning paths were a key feature of the AI tools, designed to adapt to the unique needs of 

each student and optimize their learning journey. These paths were created through several innovative approaches 

that ensured tailored educational experiences for every learner. One significant method was adaptive content 

delivery. Based on an initial assessment of a student's knowledge and skills, the adaptive learning platform curated 

a personalized set of learning materials. For instance, students struggling with signal processing might be directed 

to introductory tutorials and then gradually introduced to progressively challenging exercises as their 

understanding improves. This approach ensured that students received content suited to their current level of 

comprehension (Pollock & Tolone, 2020). 

Another important aspect was customized assignments. The AI tools tailored assignments to align with 

each student's proficiency level. For example, a student excelling in power systems might receive more complex 

problems to solve, while a student facing difficulties would be assigned simpler tasks with additional guidance 

and resources. This customization helped maintain engagement and encouraged mastery of the subject matter 

(McKeithan, Rivera, Mann, & Mann, 2021). 

Dynamic progress tracking was also integral to the personalized learning paths. The learning dashboards 

continuously monitored student progress and adjusted the learning path in real time. If a student mastered a 

particular topic quickly, the system would accelerate their learning pace and introduce more advanced concepts. 
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Conversely, if a student required more time to grasp the material, the system would provide additional practice 

and review resources, ensuring that each learner progressed at their own pace (Sedrakyan, Malmberg, Verbert, 

Järvelä, & Kirschner, 2020). 

Lastly, the AI tools facilitated intervention alerts, which identified students at risk of falling behind. 

These alerts were generated based on metrics such as low engagement, poor performance, or frequent requests for 

help. Instructors received these notifications, enabling them to provide personalized support and ensuring that no 

student was left behind in their learning journey. Through these strategies, the AI tools created a highly 

individualized educational experience that catered to the diverse needs of students. 

 

V. Results and Discussion 

5.1 Impact on Student Performance 

5.1.1 Analysis of Student Performance Data 

The implementation of AI-enhanced tools in electrical and electronics engineering laboratory classes resulted in 

significant improvements in student performance. Data was collected and analyzed from multiple cohorts before 

and after the integration of these tools. Key performance metrics included test scores, retention rates, and 

assignment grades. 

There was a notable increase in average test scores after introducing AI tools. For example, the average score in 

final exams rose from 68% to 81%, demonstrating a significant improvement in student comprehension and 

mastery of the subject matter. 

The retention rates in the selected courses improved from 74% to 88%, indicating that fewer students dropped out 

of the program. This suggests that the AI tools helped keep students engaged and motivated to continue their 

studies. 

The quality and accuracy of student assignments and projects showed marked improvement. Grades in these areas 

increased from an average of 70% to 85%, reflecting a better understanding and application of theoretical 

concepts. 

 

5.1.2 Statistical Significance of Improvements in Comprehension and Retention 

To validate the observed improvements, statistical analyses were conducted. Paired t-tests were used to compare 

the performance metrics before and after the AI tool integration. The results were as follows: 

 Test Scores: The p-value for the improvement in test scores was <0.001, indicating a highly significant 

increase. 

 Retention Rates: The improvement in retention rates also yielded a p-value <0.01, confirming statistical 

significance. 

 Assignment and Project Grades: The p-value for the increase in assignment and project grades was 

<0.001, reinforcing the significance of the improvements. 

These results strongly suggest that integrating AI tools had a substantial positive impact on student performance, 

enhancing comprehension and retention. 

 

5.2 Personalized Learning and Mastery of Complex Concepts 

1.2.1 Case Examples of Personalized Learning Paths 

The AI tools provided personalized learning paths tailored to the needs of individual students. Student A initially 

struggled with circuit design. The AI system identified specific areas of difficulty and recommended targeted 

tutorials and exercises. Over time, the student showed significant improvement, moving from failing grades to 

consistently scoring above 85% in assignments and exams related to circuit design. 

Student B excelled in signal processing but had difficulty with power systems. The adaptive learning platform 

provided advanced materials for signal processing and additional foundational resources for power systems. This 

personalized approach allowed the student to deepen their expertise in signal processing while improving their 

understanding of power systems, reflected in a 20% increase in their test scores for that subject. 

 

1.2.2 Improvements in Understanding Complex Topics 

The AI tools were particularly effective in helping students master complex topics. For instance, students often 

struggle with the intricacies of circuit design due to its abstract nature. The AI tools provided step-by-step 

guidance and immediate feedback on circuit simulations. This hands-on, iterative learning process significantly 

improved students' ability to design and analyze circuits. 

Understanding power systems requires grasping both theoretical concepts and practical applications. The AI tools 

offered simulations and real-time data analysis, allowing students to visualize the impact of different variables on 

power systems. This led to a deeper understanding and better performance in related assessments. 

Signal processing involves complex mathematical concepts that can be daunting for many students. The AI-

enhanced tools separated these concepts into manageable parts and provided interactive problem-solving sessions. 



Integrating AI and Real-Time Learning Dashboards for Enhancing STEM Education in Electrical .. 

257 

Students reported a better grasp of signal processing, as evidenced by higher grades and more confident 

application of techniques in projects. 

 

5.3 Broader Educational Outcomes 

The successful implementation of AI-enhanced tools in electrical and electronics engineering education 

has broader implications for STEM education nationwide. This study highlights how personalized learning paths 

and real-time feedback can revolutionize STEM education, demonstrating key implications such as enhanced 

learning outcomes, increased engagement, and scalability. AI tools can significantly improve learning outcomes 

by providing tailored support and resources that enable students to master complex subjects. Furthermore, these 

tools can keep students engaged and motivated, which helps reduce dropout rates and increases the number of 

graduates in STEM fields. The scalability of AI tools allows for consistent and high-quality educational 

experiences across various institutions, regardless of geographical and socioeconomic differences (Miao, Holmes, 

Huang, & Zhang, 2021). 

Additionally, integrating AI-driven tools aligns with the Department of Education’s goals to increase the 

number of STEM graduates to meet workforce demands in AI, machine learning, and other cutting-edge fields. 

By equipping students with advanced knowledge and skills in these technologies, educational institutions can 

produce graduates well-prepared for the workforce. Moreover, the enhanced retention and graduation rates 

facilitated by AI tools can help address the shortage of skilled professionals in STEM fields. Importantly, AI tools 

can promote equity in education by providing personalized learning experiences for all students, regardless of 

their background, thereby fostering inclusivity in STEM education (Marwan, 2020). 

 

VI. Conclusion 

This study has demonstrated the transformative potential of integrating AI and real-time learning 

dashboards into STEM education, specifically within electrical and electronics engineering. The implementation 

of AI-powered tools, such as intelligent tutoring systems, adaptive learning platforms, and automated grading 

systems, has significantly enhanced student learning experiences and outcomes. Key findings indicate a notable 

increase in average test scores, assignment grades, and retention rates following the integration of AI tools. 

Statistical analyses confirmed the significance of these improvements, suggesting that AI tools effectively bolster 

student comprehension and retention. 

Personalized learning emerged as a critical component of this transformation. AI-driven personalized 

learning paths addressed individual student needs, facilitating mastery of complex concepts such as circuit design, 

power systems, and signal processing. Case examples highlighted how tailored guidance and real-time feedback 

led to a better understanding and application of these subjects. Furthermore, the success of AI tools in this study 

suggests substantial implications for STEM education on a national level. AI-enhanced learning has the potential 

to increase student engagement, improve graduation rates, and produce a workforce equipped with advanced skills 

in AI and related technologies. 

While this study has provided valuable insights into the benefits of AI in STEM education, it also opens 

several avenues for future research. One area of exploration could be the expanded scope of AI tool integration 

across different STEM disciplines, including mathematics, physics, chemistry, and biology. By examining the 

effectiveness of AI in diverse educational contexts, researchers can develop a more comprehensive understanding 

of its potential and limitations. Additionally, conducting longitudinal studies would offer insights into the long-

term impact of AI tools on student performance and career outcomes. Tracking students over several years could 

reveal how early exposure to AI-enhanced learning affects their progression through higher education and into 

the workforce. 

Further research should also focus on enhancing AI capabilities to provide even more sophisticated and 

nuanced support. For instance, developing AI systems that can better understand and respond to emotional and 

motivational factors could significantly enhance the personalization and effectiveness of learning experiences. 

Investigating the dynamics between AI tools, teachers, and students would also be valuable. Understanding how 

teachers can best integrate AI tools into their teaching practices and how students interact with them can lead to 

more effective and harmonious educational environments. 

Lastly, research should address the scalability and accessibility of AI tools in education. Exploring cost-

effective solutions and ensuring that AI-enhanced learning is accessible to students from various socioeconomic 

backgrounds will be crucial for widespread adoption. By tackling these areas, future research can further 

illuminate the role of AI in advancing STEM education and improving educational outcomes for all students. 
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