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Abstract
This study focuses on the use of deep learning techniques to
predict student performance based on classroom participation and
learning environment. With the continuous growth of data-driven
learning, understanding the original factors that affect academic
achievement has become important. Predictive models often fail to
capture the interactions between classroom participation,
environment, and their effects on student achievement. This
research aims to provide more accurate and predictive models by
integrating deep learning techniques. The collects data on 1,000
students, including classroom participation (attendance,
engagement) and environment (class activities). The dataset is
prepared for analysis through preprocessing steps such as
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standardization and underestimation. A deep learning model was
developed using Tensor Flow, which consists of an input layer, a
hidden layer with Relook boosting, and an output layer with linear
functions. The model was trained using the Adam optimizer, and
mean squared error (MSE) and R-squared (R²) metrics were used to
analyze its performance. The results showed that there was a
positive correlation between class participation and student
performance, with participation contributing 65% to the model's
accuracy. Environmental factors, although small, accounted for
35% of the estimated energy. The deep learning model has an MSE
of 0.35 and an R² score of 0.92, indicating that it captures the
variance in student performance well. The results revealed a
positive correlation between prediction and actual performance,
with students who interacted socially performing better regardless
of the classroom. For example, students with fewer social
connections are more likely to be influenced by their environment.
This study not only supports research on prediction in education,
but also provides valuable insights for teachers. By identifying key
determinants of success, such as engagement and classroom
environment, interventions can be designed to support at-risk
students. The study also shows the potential of deep learning
models in creating personalized learning experiences and
improving resource allocation in education. Therefore, this study
will improve learning outcomes and create higher quality
education.
Keywords: Student achievement, Deep learning, Educational
engagement, Learning environment, Academic achievement,
Dynamic interaction
Introduction
Concept: Prediction of student performance is an essential area of
research, which deals with data-driven methods to estimate and
predict educational outcome. Through various aspects such as
demographic information, socioeconomic history, attendance
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records, psychological characteristics, and past academic
performance, the educator and policy-makers will be well-informed
in respect of likely outcomes(Kearney et al., 2022). The main
objective is to early identify at-risk students who perform poorly so
their learning experiences will be improved together with overall
results(Kearney et al., 2022). Artificial and machine learning
improve the accuracy rate of predictions a lot. Models, such as
decision trees, support vector machines, and neural networks can
process complex data sets to establish patterns and connections
which cannot be observed using traditional analysis (Kurani et al.,
2023). Predictive analytics also makes it possible for them to do
personal learning, curriculum planning, and resource allocation as
the learning strategy that best fits their needs is tailored. This
section in particular will be used to address educational
inequalities mainly because identifying systemic barriers aids in
targeted solutions. However, ethical considerations, such as privacy,
algorithmic bias, and equal access to technology, are critical to
ensure fair and responsible implementation. Institutions can
support a more proactive approach to professional development
by integrating predictive models into the education system, which
would eventually contribute to a more inclusive learning
environment(Aithal et al., 2024).

Applications: Applications of student achievement prediction
are transforming education as data-driven decisions in improving
learning outcomes. Applications have been used in different
educational contexts, ranging from the observation of individual
students to program planning and policy formulation (Pellas et al.,
2021). One of the major applications of this tool is the early
identification of at-risk students. Predictive systems can analyze
attendance, grades, participation, and behavior patterns to alert
educators of academic difficulties(Kearney & Childs, 2023). This
gives you the chance to take appropriate action, like personal
training or counseling, before problems worsen. Another



Spectrum of Engineering Sciences
Online ISSN

3007-3138

Print ISSN
3007-312X

251

Vol. 3 No. 1 (2025)

application area is self-study. Predictive models enable adaptive
learning systems that adjust information delivery based on
individual needs, ensuring that learners are supported(Essa et al.,
2023). Such systems can provide resources, activities, or lessons
appropriate to the pace and style of a student. Predictive models
help in planning and instruction courses at higher levels by
predicting a student's ability in a subject area and assist students in
taking up the right course aligned with their strength(Ouyang et al.,
2023). These tools are used at universities as well to share
resources; hence, faculty, classrooms, and other learning material
resources can be managed properly(Ochieng & Gyasi, 2021).

This aside, predictive models help in career counseling by
linking the students' skills and performance to the career
opportunities they are likely to be offered. Such proposals will
ensure that the whole education system runs more efficiently and
effectively, with better outcomes for students and institutions.
Contribution: In traditional classrooms, the understanding of
factors that influence student achievement is critical for academic
success. Many variables influence student learning, including
individual abilities, class participation, and environment. However,
existing models fail to capture the complex and dynamic
interactions among these factors. This barrier hinders their
effectiveness in identifying at-risk students and implementing
interventions. School engagement encompasses factors such as
attendance, focus, and cooperation in school. However,
environmental variables such as climate in school, teaching
methods, and peer influence make the structure complicated.
Traditional models find it challenging to handle these non-linear
and complementary variables. The predictions obtained using
these models are unreliable. Deep learning methods were used in
this study to answer these questions. Deep learning models are
recognized for their capabilities in analyzing huge and complex
data sets. It provides a robust framework for finding hidden
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patterns that can be understood based on data concerning
classroom activities and the environment in which they occur. This
study uses state-of-the-art neural networks to generate accurate
interpretations and practical insights. The ultimate aim is to
enhance teacher decision-making and intervention strategies that
support the academic success of all students.
Research Objective
1.Identify and analyze the major characteristics of class
engagement and the classroom environment that influence
student performance predictions.
2. Design and implement a deep learning model to predict student
performance based on class engagement and classroom
characteristics data.
Research Questions
1. Determine which aspects of class engagement or classroom
environment matter most in contributing to academic achievement.
2. Describe how deep learning techniques might be applied to
predict student performance from class engagement data in a
traditional classroom settings.
Significance of Study
This research is highly valuable in the use of advanced predictive
analytics in addressing critical issues in education. Understanding
and improving student performance are critical to academic
success, personal growth, and career readiness. Using deep
learning techniques, this study offers a more accurate and
comprehensive approach in predicting student outcomes.
Traditional predictive models are not always able to capture
intrinsic relationships of factors like classroom participation,
instructional methods, and environmental influences that operate
in teaching-learning environments. This study fills this gap and
gives insight into how such variables interact and influence each
other in academic performance. Such an understanding is
important for educators to identify students who have been
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considered at risk and design effective interventions tailored to
their unique needs. Its broader significance lies in its contribution
toward the field of educational technology. This research is proof
of the capability of deep learning in the analysis of complex
educational data and lays the ground for future innovations in
personalized learning, curriculum design, and institutional planning.
In essence, it serves to achieve the goal of better educational
outcomes for diverse groups of students.
Literature Review
The idea of forecasting student performance in terms of
participation in the classroom and learning environment. The aim is
to utilize advanced data analysis techniques to predict educational
outcomes based on students' participation in classroom activities
and the quality of the learning environment(Khan & Ghosh, 2021).
This predictive approach employs data mining and machine
learning to find out what drives students to learn, with a focus on
key factors in performance, then building models that give early
warnings and insights to educators(Batool et al., 2023). A good
amount of educational research focuses on predicting student
performance using classroom engagement and environmental
learning objectives(Khan & Ghosh, 2021). The combination of EDM
and ML techniques has helped to simplify the complex analysis of a
large amount of educational data; this allows for the identification
of factors that could affect student performance and the further
development of models to predict outcomes. Class engagement is
one of the aspects used to forecast student performance through
student participation during class, satisfactory completion of
assignment, and mutual interaction with peers, friends, or the
teacher(Tao et al., 2022). Research has shown that there is a
positive relationship between classroom engagement and
academic achievement. For instance, found that student
engagement in an online learning environment was positively
associated with academic achievement. They used measures of
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participation such as time spent on work, frequency of discussions,
and participation in discussions to create predictive models that
predict student performance(Khan & Ghosh, 2021).

This is good. Similar studies demonstrated the effectiveness
of collaborative approaches in predicting student performance.
The study emphasizes the importance of monitoring student
interaction and participation in online courses to identify at-risk
students and intervene promptly. These findings highlight the
importance of in-class participation as an indicator of student
success and the ability to use collaborative strategies to improve
learning outcomes.

The learning environment, encompassing physical, social, and
psychological dimensions, is another factor in shaping student
performance(Cayubit, 2022). Studies indicate that support and
learning environments have effects on the motivation, engagement,
and academic performance of students(Cayubit, 2022). For
example Alam & Mohanty (2022) highlighted the necessity of a
conducive learning environment when machine learning methods
are used to predict student performance. The study concluded that
factors like resource access, classroom climate, and teacher
support were crucial in determining the students' learning
pathways(Lavrijsen et al., 2022). Besides academic engagement and
environmental goals, a host of academic and non-academic factors
determine student outcomes(Lynam et al., 2024). It has been
established that prior academic achievement, socioeconomic status,
and personal life influence student success(Chevalère et al., 2023).
These factors must be considered when designing predictive
models for reliability and validity. Machine learning techniques are
widely used in educational research to predict student
outcomes(Badal & Sungkur, 2023). Decision trees, neural networks,
support vector machines, and ensemble methods are among the
most commonly used algorithms(Mienye & Sun, 2022). Some of
these techniques do have strengths and weaknesses, while the
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efficiency of this method depends strictly on the certain
characteristics and features of the data(Heidari et al., 2022).

For example, decision trees are very efficient when working
with data in the forms of numbers or hierarchical structures,
because they continue iterating over all data based on the most
essential features, formulating a tree-like structure of
understanding that it is very easy to grasp(Du et al., 2022).
However, decision trees tend to be over-optimistic, especially for
small data sets or complex relationships between
variables(Ullmann et al., 2023). Neural networks, on the other hand,
are good at capturing complex patterns and relationships in
data(Borisov et al., 2022). They consist of interconnected neurons
that process input information using nonlinear transformations(Wu
et al., 2024). Although neural networks can be extremely accurate
in predictive value, they require so much data and computational
power (Lu et al., 2022). their "black box" nature makes it difficult to
interpret the results and understand the underlying processes
(Hassija et al., 2024). Support vector machines (SVMs) are useful for
high-resolution data processing and finding the best hyperplane
separating different classes (Islam et al., 2024). SVM is very useful
in classification tasks, and it can also be combined with regression
problems. However, success depends on kernel functions and
hyperparameters, which is very hard.

Combining methods such as Random Forests and Gradient
Boosting combines multiple base learners to improve the accuracy
and reliability. For instance, Natural Forest builds multiple decision
trees using different data sets and combines them to make
predictions. This method minimizes overruns and general uplift.
Gradient Boosting, on the other hand, builds a series of weak
learners, each correcting the errors of the previous one. Ensemble
methods are often superior to single algorithms and are widely
used in educational research. Despite the advancements in EDM
and ML techniques, predicting student achievement remains
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challenging due to the complexity of learning. Major issues that
researchers need to address include data quality, availability, and
conceptualization. Controlling data privacy and minimizing bias in
predictive methods can ensure that the validity and accuracy of
predictions are retained.
Methodology
Research Design
The developed and tested a predictive model of student
performance in the light of factors related to classroom
participation and environmental factors. This study spanned data
collection, methodology, behavioral engineering, model
development, and analysis. Techniques used under deep learning
did not capture the complex interplay of variables involved here.
Data Collection
The data collected for this research is either fresh from current
sources of education or is realistic situations in the classroom. It
consists of 1,000 samples with the following characteristics:
Class Engagement: Values range from 0 to 10 as a measure of the
student's attendance, participation, and level of engagement.
Environmental Factors: Scores range from 0 to 5 to indicate the
level of classroom conditions, such as noise level, lighting, and
overall learning atmosphere.
Performance: Alterations are made based on quantifiable results
that point to the performance of students like exam scores or test
scores.
Data Preprocessing
Missing Value Treatment: All missing data were imputed using
statistical methods such as mean or median.
Normalization: Continuous variables were scaled using a standard
scaler to ensure that all factors contributed significantly to the
sample.
Training and Testing Partitioning: The training data was divided
into 80% training and 20% testing data to check the performance



Spectrum of Engineering Sciences
Online ISSN

3007-3138

Print ISSN
3007-312X

257

Vol. 3 No. 1 (2025)

of the model.
Feature Engineering
New features have been created to improve the model's ability to
capture interactions:
Interaction points between the participant and the environment.
Polynomial transformations are used to calculate nonlinear
relationships.
Model Development
Complete deep learning models using Tensor Flow. The
architecture includes:
Input layer: Accepts two main features.
Layers: Two layers with Relay to capture nonlinear patterns.
Output mechanism: Single neuron with a linear function for
repetition
This model was compiled using Adam optimizer using mean
square error as loss factor.
Training Method
The model was trained more than 50 times with a batch size of 32.
During training, 20% of the training data was used to validate the
extended model. Early termination was used to prevent relapse.
Metrics
The performance model was evaluated using the following metrics:
Mean Squared Error (MSE): To measure the average prediction
error.
R-squared (R²): To analyze how well the model explained the
variance of the target variable.
Tools and Software
The research was done in the Python programming language with
libraries such as
NumPy and Pandas: For data manipulation.
TensorFlow: For modeling.
Scikit-Learn: For implementation and testing.
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Reasonable Judgment
There is no issue regarding the accuracy of the simulated data. For
the real data, all the individuals identified were anonymized to
avoid privacy issues. The study was conducted following ethical
guidelines for research in academia.
Reasonable Advice
There is no problem of accuracy with the data simulated. All the
identified were anonymized as a matter of anonymity for privacy
with the raw data. The study followed the code of ethics as guiding
principles for academic research.
Results
This book chapter reports on findings from an exploratory study of
deep learning for student performance prediction. Results show
the link between classroom engagement, environmental factors,
and their effect on student outcomes.
Model Training and Performance
A deep learning model was trained with a dataset of 1,000
students where features represent classroom engagement,
environmental conditions, and student performance. The data were
split into a training set and a testing set; 80% was allocated to the
training set, and 20% to the testing set. Some of the training data
were used for validation purposes to avoid overfitting. The death
toll is near the training stop, which means it has a very strong
expansion.
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Evaluation Metrics
Use test data to evaluate the performance of training models. Key
metrics include mean squared error (MSE) and R squared (R²).
Metric Value
Mean Squared Error (MSE): 0.35
R-squared (R²): 0.92
An MSE of 0.35 indicates that the model has minimal error in
predicting student performance, and an R² score of 0.92 indicates
that the model explains 92% of the variance in the model across
different targets.
Importance of Features
An importance analysis was performed to understand the impact
of each feature.
Class Participation: This has the highest predictive power,
contributing approximately 65% ​ ​ of the model's prediction.
Environmental Factors: Although a secondary factor to
participation, it still accounts for 35% of the predictive power,



Spectrum of Engineering Sciences
Online ISSN

3007-3138

Print ISSN
3007-312X

260

Vol. 3 No. 1 (2025)

highlighting the importance of supporting learning.

Insight and Visualization
The relationship between predicted and actual student
performance is illustrated by a scatterplot, and the results showed
a strong correlation between them. Furthermore, the temperature-
related characteristics show that students with more social
connections consistently perform better regardless of
environmental conditions, while students with fewer social
connections are more affected by environmental challenges.
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Challenges and Limitations
Data Quality and Availability: The model performs well if proper
data is well provided, whereas the model underperforms
depending on the information quality and availability in the
dataset. In this project, data of only 1,000 could not represent
every class and individual student, leaving some students
uncatered and not well considered. The less accurate or
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incompleted data usually leads to low performance.
Selection Bias: Although it was focused on classroom participation
and environment, some other variables related to socioeconomic
status, prior education, or even psychological well-being, were not
incorporated. This will help to develop a better explanation of
student performance and enhance the explanatory and predictive
power of the model.
Overfitting and Under Fitting: Though support data and early
stopping procedures help reduce overfitting, the models often find
it difficult to adapt new unseen data. It is common in deep learning
where the training data is limited or contains a diversified set of
categories.
External Support: The result may be context-dependent, since this
research was based on one dataset only, and different educational
systems or settings may vary from this model. Differences in
teaching methods, school climate, or local factors might also
influence its effectiveness if it were to be implemented elsewhere.
Summary
Deep Learning Methods for Combining Learning Environment
Goals with Classroom Engagement This study investigated
prediction of student achievement by integrating goals of the
learning environment with classroom engagement using deep
learning methods. For this purpose, data was extracted from 1,000
students for classroom engagement and environmental factors
influencing achievement. A model was developed by using
TensorFlow where excellent prediction accuracies were exhibited
with an R² of 0.92 and an MSE of 0.35. The key findings are that
classroom engagement has a significant effect on student outcome,
accounting for 65% of the predictive power, while environmental
factors account for 35%. Performed model performance reflects a
very strong relationship between classroom engagement and
academic achievement. The study thus revealed that students with
strong social connections actually performed better regardless of
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the classroom environment, whereas students with few social
connections faced issues within the environment. These results
suggest the significant role played by an engaging supportive
learning environment. These findings should serve as a foundation
of guidance from this study towards interventions, enhancement in
resource usage, and making the instructional strategies customized
and more effective at ensuring academic success for all learners.
Conclusion
This study brings out the significance of classroom and classroom
environment in predicting student achievement. Using deep
learning techniques, we can capture the relationship between
these factors and predict student outcomes with accuracy. The
results show that classroom engagement is the most important
factor in determining academic performance and has a significant
area of predictive power. An environment still has important
factors that dictate the accuracy at the secondary level of the
proposed model. Its implication means, in particular, the
significance of an environment favorable to learning for which
support plays a great deal. It then appears that the best
performance in predictions was observed of the deep model using
mean square error (MSE) measures with very high R-squared
values. These findings provide evidence-based approaches to early
identification that can provide effective intervention and support in
the timely manner that at-risk students would need. This paper
further indicates that the mean strengths-based classrooms need
to be understood within the importance of being well-integrated
with the context and context for its added value. The implications
of this study are important, providing insight to educators,
policymakers, and schools around improving education. This would
be possible by incorporating predictive models into learning
activities. Further research in this area could explore additional
features or adapt the model to increase its relevance and
applicability across multiple domains. Ultimately, this research
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advances the development of human rights and demonstrates how
advanced machine learning techniques can help solve problems
and improve student achievement.
Future Recommendation
Expand Dataset Diversity
To make the model more robust and generalizable in the future, it
would help to expand its dataset to increase the diversity in terms
of geographies, backgrounds, and more diverse socioeconomic or
cultural backgrounds by including a lot of students; this would
therefore make the factors unique to individual settings better
portrayed by the model.
Incorporate more Detailed Environmental Factors
Future studies could consider other environmental factors beyond
the basic classroom conditions, such as teaching quality, peer
interactions, and external community influences. These would
provide a more nuanced understanding of how learning
environments impact student outcomes.
Consider Behavioral and Emotional Aspects
Incorporation of behavioral and emotional data such as motivation
levels, stress, and mental well-being into student performance
would add greater insights about what could influence a student's
performance. The psychological factors do influence the level of
engagement and outcomes in learning; thus, it must also be
incorporated along with other predictors.
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