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Abstract

The fast advancement of smart city systems has resulted in a huge quantity of data spread over
both time and space, which is marked by intricate spatial relationships and temporal changes.
Regular predictive models usually find it difficult to comprehend such interrelated and complex
relationships, thus the outcomes are limited in terms of accuracy and stability. On the contrary,
a GNN-based spatiotemporal modeling framework for infrastructure analytics is proposed and
evaluated in this study, with its performance compared to that of a traditional model. With each
model having 60 observations, the study assesses prediction accuracy, Root Mean Square Error
(RMSE), inference latency, and spatiotemporal feature utilization. Descriptive statistics show
that the GNN spatiotemporal model provides prediction accuracy which is significantly higher
(M =0.890) and RMSE which is substantially lower (M = 9.10) than the traditional approach
(accuracy M = 0.715; RMSE M = 18.2). Distributional analyses also reveal the GNN model's
predictions as more consistent and with less variability. Extreme value analysis provides a
strong point for the proposed framework, indicating the ability to deliver good performance
even in difficult settings. Welch's one-way ANOVA confirms that all the models differ
significantly in all metrics evaluated (p < .001). To sum up, the results speak for the GNN-
based spatiotemporal modeling in being the most predictive, stable, and deep in analytics,
hence its adoption in smart city and infrastructure analytics applications being supported.

Keywords: Graph Neural Networks, Spatiotemporal Modeling; Smart Cities, Infrastructure
Analytics; Prediction Accuracy, Root Mean Square Error, Machine Learning, Statistical
Evaluation.

1. INTRODUCTION

The fast progression of smart cities has brought about the use of interconnected sensors, smart
transport systems, energy grids, and urban infrastructure networks on a large scale. These
systems produce a continuous flow of vast amounts of spatiotemporal data that not only show
the spatial dependencies between infrastructure components but also the temporal changes
caused by moving urban activities. Informed decision-making in numerous applications such
as traffic management, energy optimization, infrastructure maintenance, and environmental
monitoring relies heavily on accurate modeling and forecasting of such data. The learning
process from spatiotemporal data, however, remains a considerable challenge, due to its high
dimensionality, non-linearity, and complex relational structure.

Statistical regression models and conventional machine learning techniques are some of the
traditional predictive modeling approaches that often make simplifying assumptions about
independence or linearity among variables. These methods can be quite good in static or low-
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dimensional settings, but they generally cannot capture the complex spatial interactions and
evolving temporal patterns that are typical of smart city environments. Consequently,
traditional models are likely to have limited predictive accuracy, higher error rates, and reduced
robustness when they are applied to real-world infrastructure analytics.

In the last several years, deep learning methods are successfully applied to high-dimensional
data. The majority of standard neural networks, however, were not constructed with the
intention of recognizing the relationships between such entities as roads, sensors, or
infrastructure nodes, for example. Graph Neural Networks (GNNSs) operate by converting data
into graphs, where nodes represent the entities and edges represent their connections. GNNs
have taken over the characteristics of message-passing, which allows for the integration of
features from neighboring nodes, and this is what makes GNNs particularly competent in
illustrating the spatial relations in interdependent systems.

By connecting with GNN-based learning methods, spatiotemporal models provide a
superhuman framework for capturing both structural relationships and temporal changes in
dynamic systems. Such models have nearly won over the mentioned domains of traffic flow
prediction, power grid monitoring, and urban mobility analysis. One limitation, though, is that
a systematic quantitative comparison between GNN-based spatiotemporal models and
traditional ones backed by strong statistical validation is rare in smart city infrastructure
analytics.

The researchers aspire to fill the void through a performance evaluation of the GNN-based
spatiotemporal modeling framework in contrast to a conventional traditional model
comprehensively. The emphasis on the comparison will be given to the performance metrics
which are the prediction accuracy, the Root Mean Square Error (RMSE), the inference latency,
and the spatiotemporal feature utilization. The descriptive statistics, distributional analysis,
extreme value examination, and Welch’s one-way ANOVA are the methods used in the study
to provide empirical and statistical evidence of performance differences between the two
modeling approaches.

The contributions of this study are threefold. Firstly, the study shows that GNN-based
spatiotemporal models have higher predictive accuracy and produce less error when compared
to traditional methods. Secondly, it confirms the stability and robustness of the proposed
method through distributional and extreme value analyses. Thirdly, it supports the model
performance differences statistically using Welch’s ANOVA, thus ensuring its robustness
against variance heterogeneity. Altogether, these contributions make the case for the adoption
of graph neural network-based spatiotemporal modeling as a trustworthy and efficient solution
for smart city and infrastructure analytics.

2. LITERATURE REVIEW

2.1. Space and Temporary Information Modeling in Smart Cities

Data and smart cities are an inseparable pair; thus, the cities use data-driven intelligence to
manage their urban systems like transportation networks, energy grids, water distribution
systems, and environmental monitoring platforms. All the areas mentioned above produce huge
amounts of spatiotemporal data that are typical for having strong spatial correlations and also
being dependent on the time they are collected. Initially, the spatiotemporal modeling was
mainly in the hands of statistical techniques such as autoregressive integrated moving average
(ARIMA), spatiotemporal regression models, and Kalman filtering. These methods, although
providing high interpretability and requiring less computational power, are not very effective
in capturing complex urban dynamics because they have to consider linearity and stationarity
at the same time.

88



International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

In order to overcome these drawbacks, the researchers have started to apply machine learning
models like support vector machines, random forests, and k-nearest neighbors to
spatiotemporal predictions. These methods show the potential of non-linear modeling to a
greater extent than traditional statistical ones. On the other hand, such methods are usually
dealing with spatial and temporal features separately or using by-products of handcrafted
features, which makes it hard for them to uncover the rich relational structures and evolving
dependencies that are already inherent in smart city infrastructure and data.

2.2. Deep Learning Approaches for Spatio-Temporal Prediction

The arrival of deep learning technologies has enormously facilitated the modeling of
spatiotemporal data. In the realm of grid-based representations, especially traffic density maps
and remote sensing images, Convolutional Neural Networks (CNNs) have been the go-to
method basically to uncover the spatial patterns. At the same time, Recurrent Neural Networks
(RNNs) with their variations such as Long Short-Term Memory (LSTM) and Gated Recurrent
Unit (GRU) have been the methods of choice for modeling the temporal dependencies in the
data sequence.

By the way of full advantage of the hybrid architectures, which are the combination of CNNs
and RNNSs, it would be possible to reap the benefits of jointly learning both the spatial and
temporal aspects. Still, it is true that these high-end models usually necessitate spatial data to
be regularly gridded which in turn may not correctly portray the uneven and mixed urban
infrastructure. Moreover, the hybrid models do not provide a means of depicting the
relationships among the infrastructure elements, hence their limitation in terms of scalability
and interpretability in network systems.

2.3.  Graph Convolutional Networks for Considering Spatial Dependences

Graph Neural Networks (GNNs) have become the go-to method for machine learning from
data based on graph structure. GNNSs, by using nodes for the entities and edges for their
relations, have made the direct modeling of complex spatial interactions highly effective.
Through iterative message-passing and neighborhood aggregation, GNNs learn node
representations that capture both local and global structural information.

In smart cities, GNNs have managed to carry out very well in the areas of traffic forecasting,
road network analysis, and power grid monitoring. The studies done have shown that GNNs
are the best choice because they do not only outperform traditional deep learning models but
also those based on grids by taking spatial dependencies in irregular networks well into
account. Graph Convolutional Networks (GCNs), Graph Attention Networks (GATS), and
spectral-based GNNs have been some of the variants that have taken spatial feature learning to
a whole new level by incorporating adaptive weighting and attention mechanisms.

2.4. Spatiotemporal Graph Neural Networks

In order to get the better of the static graph models’ limitations, the researchers have suggested
spatiotemporal graph neural networks that perform a fusion of temporal learning with graph-
based spatial modeling. These models and methods are the combination of GNNs with some
temporal components like RNNs, temporal convolutions, or attention-based sequence models.
The combination so enables the corresponding learning of both spatial interactions and
temporal evolution to be done at the same time.
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It has been reported in the recent studies that the use of spatiotemporal GNNs in different
applications like traffic flow prediction, demand forecasting, and anomaly detection in urban
infrastructure systems have shown a great increase in performance. These models have been
able to identify and depict dynamic node interactions and also long-term temporal
dependencies, thus resulting in higher predictive accuracy and lower error rates. However, in
spite of the achievement, the researchers are still facing challenges with respect to
computational complexity, scalability, and systematic statistical validation against traditional
baselines.

2.5. Performance and Statistics Validation

In spite of the fact that various researchers indicate better performance of GNN-based
spatiotemporal models, the research work done mostly on prediction accuracy metric without
a thorough statistical analysis. Distributional features, extreme value behavior, and robustness
over different conditions have not received adequate consideration. Furthermore, only a small
number of studies utilize powerful statistical methods like Welch’s ANOVA to overcome the
issue of variance heterogeneity when comparing models.

Inference latency and feature utilization, notwithstanding their vital role in real-time smart city
applications, are still often neglected. Hence, it is imperative to have comprehensive
assessment methods that will evaluate not only accuracy but also stability, computational
efficiency, and statistical significance.

2.6. Research Gap and Reason for Doing the Present Study

The literature review has pointed out several research gaps. To begin with, comprehensive
comparative studies that assess robustness of GNN-based spatiotemporal models using
traditional methods and robust statistical methods are few and far between. Another point is
that distributional and extreme value analyses are barely applied in assessing model stability
and reliability. Furthermore, existing evaluations have given inadequate representation to
performance metrics like inference latency and spatiotemporal feature utilization.

These gaps have motivated the study to perform an extensive and comparative assessment of a
GNN-based spatiotemporal modeling framework against the traditional predictive model in the
field of smart city infrastructure analytics. The combination of descriptive statistics, extreme
value analysis, distributional visualization, and Welch's ANOVA gives this study a robust and
statistically backed model performance evaluation, thus contributing to the understanding and
use of graph neural networks in real-world spatiotemporal prediction tasks.

3. METHODOLOGY

3.1. Research Design and Frame of Architectonics

This research has used a comparative experimental design to weigh a GNN (Graph Neural
Network) based spatiotemporal model against a conventional predictive model for smart city
infrastructure analytics. To make certain that the comparison was as fair and unbiased as it
could possibly be, the identical data was utilized for the training and testing of both models.
One point of the experimental setup is to evaluate the same factors of predictive performance,
error characteristics, computational efficiency, and feature utilization.

Each model was provided with a set of 60 observations without any missing values indicated.
The dataset consists of the spatiotemporal features of infrastructure nodes and their states over
time. The evaluation pipeline includes data preprocessing, model training, prediction
generation, performance metric computation, and statistical analysis steps in its workflow.
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3.2. Data Representation and Preprocessing

The spatiotemporal data were exposed as a stream of graph snapshots, with every graph
illustrating a certain time step. Nodes in the graphs indicated infrastructure entities, e.g.,
sensors or network components, and edges illustrated the spatial relationships, e.g., physical
proximity or functional connectivity. The time dependencies were illustrated by stacking the
graph snapshots in order.

The data were subjected to standard scaling prior to model training so that numerical stability
could be achieved and the features with large magnitudes would not overpower the others.
Outliers were scrutinized and their impact on model learning was considered if they were
significant. The dataset was randomly split into training and testing subsets using the same
splitting strategy for both models. This systematic setup allows us to conclude that the
differences in performance observed are due to the architecture rather than data fluctuation.

3.3. Traditional Predictive Model

The classic model provides a basic reference for comparison and embodies the conventional
predictive methods that are usually employed in the analysis of spatiotemporal data. The model
is based on the use of hand-crafted features and over-simplified assumptions about the
independence of time and space. The spatial connection is indirectly represented through
aggregated features, while the temporal changes are represented by a fixed-lag approach.

The training of the classical model was performed using standard optimization techniques and
hyperparameters that were determined through initial experimentation. Despite the fact that it
is computationally efficient, this approach does not have explicit means to capture sophisticated
non-linear interactions and the dependencies of the dynamic relations among the infrastructure
components.

3.4. GNN-Based Spatiotemporal Model

The GNN-based spatiotemporal model proposed in this paper is able to capture spatial and
temporal dependencies in an explicit manner by merging graph neural network layers and
temporal learning mechanisms. The spatial dependencies are created via graph convolution
operations, whereby the node representation gets updated through aggregating the information
of its neighboring nodes in a process called message-passing. This allows for the model to
acquire the comprehension of both the local and global structural patterns within the
infrastructure network.

The processing of sequential graph representations across time steps is the means by which the
temporal dynamics are incorporated, and this allows the model to acquire the knowledge
of_patterns of node behavior that are evolving. The combination of spatial aggregation and the
modeling of the temporal aspect allows the GNN to efficiently capture the intricate
spatiotemporal relationships. The model is capable of utilizing a greater number of
spatiotemporal features than the traditional method, hence it allows for a more comprehensive
representation learning.

Gradient-based optimization techniques were used to fine-tune model parameters. The
adoption of regularization techniques was a necessary measure to prevent overfitting and also
to secure the model’s good performance on fresh, previously unobserved data.

3.5. Performance Metrics

Model performance can be evaluated by combining several metrics to provide a better picture
of the working of the model:
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e Prediction Accuracy: Computes accuracy of the predictions relative to the actual values.

e Root Mean Square Error (RMSE): The fewer the differences, the more accurate the
comparison.

e Inference Latency (ms): The computational time required to generate predictions
represents a measure of model efficiency.

e Spatiotemporal Feature Count: The number of features utilized in each model delineates
the modeling capacity of the models.

As a group, these metrics really need to encompass predictive power, error behavior,

computational efficiency, and model complexity.

3.6. Extreme Value and Distributional Analysis

In order to evaluate the robustness and stability, the extreme value analysis was performed on
both prediction accuracy and RMSE. The extreme points were determined in order to analyze
the best-case and worst-case performance scenarios. The distributional characteristics were
studied through visual methods with the aim of determining the variability, skewness, and the
consistency among the observations.

Such analyses offer insights that are much deeper than the mean performance, showing how
the models react under the different conditions of being easy and hard.

3.7. Statistical Analysis

Welch’s one-way analysis of variance (ANOVA) was utilized for the statistical validation of
performance differences between the GNN-based spatiotemporal model and the traditional
model. The test was chosen on account of its robustness towards differences in variances and
sample size. Prediction accuracy, inference latency, and spatiotemporal feature count were
considered separately for Welch’s ANOVA testing.

We chose a significance level of 0.05 for every statistical test.Effect significance was
determined based on F-statistics and corresponding p-values. Welch's ANOVA would support
valid inferences, while the use of repetitive evaluation seems to expect such result.

3.8. Implementation Environment

Detection experiments were carried out in a controlled computational atmosphere employing
the standard machine learning and graph learning libraries. The hardware settings and software
environment were identical for the two models to ensure a fair comparison. Random seeds were
set to enable reproducibility.

4. RESULT AND DISCURSION

Table 1. Descriptive Statistics of Performance Metrics for Traditional and GNN-Based
Spatiotemporal Models

Descriptives
Model_Type Prediction_Accu | RMS | Spatiotemporal_Feature
racy E _Count

GNN_Spatiotemporal _
N Model 60 60 60
Traditional _Model 60 60 60
GNN_Spatiotemporal _ 0 0 0

Missing Model

Traditional _Model 0 0 0
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GNN_Spatiotemporal _
Mean Model 0.890 9.10 220
Traditional Model 0.715 18.2 153
GNN_Spatiotemporal_
Median Model 0.889 9.29 218
Traditional _Model 0.713 18.6 152
Standar | GNN_Spatiotemporal _ 0.0189 187 985
d Model
de":]at'o Traditional_Model 0.0273 2.49 19.9
Minimy | GNN-Spatiotemporal_ 0.838 5.35 162
m Model
Traditional _Model 0.661 14.0 108
. GNN_Spatiotemporal _
M3>r:m Model 0.939 15.9 297
Traditional Model 0.776 24.8 194

Table 1 presents the descriptive statistics comparing the Traditional Model and the GNN-
Spatiotemporal Model across key performance and modeling attributes. The robustness and
completeness of the analysis was guaranteed by evaluating both models with 60 observations
where no missing values were reported. The GNN-Spatiotemporal Model beat the Traditional
Model by a large margin in the case of predicting accuracy with mean values of M = 0.890, SD
=0.0189 and M = 0.715, SD = 0.0273, respectively. The mean RMSE (M = 9.10) of the GNN
model was also significantly lower than the mean RMSE (M = 18.2) of the Traditional Model,
which indicates that the GNN was better at error minimization. The median values for the two
models were very similar to the means which is a sign of stable and nearly symmetric
distributions.

The GNN model was able to utilize a significantly greater number of spatiotemporal features
(M =220) than the Traditional Model (M = 153), thus its capability to represent complex spatial
and temporal relations has been further acknowledged. In addition, the lower variability in
accuracy for the GNN model reinforces the conclusion of consistent performance across
observations. In summary, the descriptive results clearly indicate the superior performance of
graph neural network-based spatiotemporal modeling compared to traditional approaches (see
Table 1) and thus support its use in smart city and infrastructure analytics.

o

-

(53]
L

y

o
o
=]

Prediction_Accurac

o
o
w

0.00 4

GNN_Spatiotemporal_Model Traditional_Model
Model_Type

Figure 1. Estimation of the Correct Prediction Accuracy between the Combined GNN
Spatiotemporal Model and the Classical Model.
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The comparison of the prediction accuracy between the GNN spatiotemporal model and a
traditional model is presented in Figure 1. The prediction accuracy of the GNN-based model is
significantly higher than that of the traditional model, which is depicted in Figure 1.

This convocation underpins graph neural networks portraying their might in capturing complex
spatial dependencies within the data set. Additionally, the integration of the temporal aspect
helps the GNN model to discern the trends that change with time. On the other hand, the
conventional model is forced to work with over-simplified assumptions and very limited
feature interactions. Such constraints cut down its power to replicate the non-linear and
interconnected relationships.

The data depicted in Figure 1 affirm that the use of both spatial and temporal correlations leads
to a great improvement in predictions. The increase in accuracy is a good indicator of better
generalization to unfamiliar data. This is critical in real-world spatiotemporal forecasting
applications.

Further, the GNN model performs better than the others when there are changes in the input
patterns.The difference in performance suggests the role of GNNs' message-passing
mechanism in the latter. These mechanisms make it possible to collect information from the
neighboring nodes and time steps. Figure 1, in summary, confirms the excellence of the
proposed method.The documentation paves the way for the use of GNN-based spatiotemporal
models in future research. Thus, the proposed model lays down a more trustworthy and precise
prediction system.

Table 2. Extreme Values of Prediction Accuracy.

Extreme values of Prediction_Accuracy

Row number Value

1 114 0.939

2 107 0.928

Highest 3 74 0.921
4 72 0.921

5 83 0.920

1 38 0.661

2 14 0.663

Lowest 3 50 0.667
4 15 0.668

5 45 0.676

Table 2 presents the extreme values of prediction accuracy observed across the evaluated
samples. According to Table 2, the highest prediction accuracy of 0.939 as reflected in row 114
shows that the model is performing excellent for certain cases. Besides this performance, the
other rows 107, 74, 72, and 83 also report strong accuracy values that constantly remain above
0.920. Thus, the model can achieve just about flawless results provided that data conditions are
perfect. The concentration of large numbers suggests that the peak performance of the model
is stable over time, not just periodically. On the other hand, the prediction with the lowest
accuracy shown in Table 2 lies between 0.661 and 0.676. The least accurate prediction belongs
to Row 38, where the accuracy reached the lowest point of 0.661, demonstrating the hardest
prediction problem. Other low-performing rows, such as 14, 50, 15, and 45, show similarly
reduced accuracy levels. This indicates that the model is still strong and can perform well under
different scenarios. The analysis in these lower values may be caused by noise, data sparsity,
or complex underlying patterns. The performance difference of the extreme values highlights
over the samples' prediction difficulty the variability. Nonetheless, the least accuracies range
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over 0.65, which denotes that Table 2 suggests a fair baseline performance. It is, in a way,
comprehension of the extreme cases that has been very important for model refinement and
reliability assessment. Overall, Table 2 provides the evidence of the model's effectiveness
while simultaneously revealing the places where further enhancement could take place.

GNN_ Spatiotemporal Model

Model_Type

Traditional_Model

07 0.8 0.9
Prediction_Accuracy

Figure 2 Is A Histogram Presenting The Results of the Accurate Predictions With A
Categorical View.

Figure 2 shows how the prediction accuracy is distributed for the GNN spatiotemporal model
and the traditional model. The GNN spatiotemporal model, as seen in Figure 2, has a
distribution that is highly concentrated on the higher accuracy values. The majority of its
predictions seem to be around the 0.88-0.93 range, which is a great performance indicator. The
distribution’s narrowness signifies that there is a low variance with stable predictive behavior.
This, in turn, reflects the model’s capability of learning spatiotemporal relationships
effectively. On the other hand, the traditional model places itself on a lower accuracy value
distribution. The range of its prediction accuracy is mainly 0.68-0.75 as indicated in Figure 2.
The wide distribution gives off the impression of high fluctuation and thus less reliable
performance. This scenario in turn suggests that the model is sensitive to changes in the input
data and even the patterns that are underlying. The two distributions are so distant to each other
that it is easy to spot a huge gap in performance. The visual representation in Figure 2
strengthens the earlier presented quantitative comparison.

The GNN model not only ensures greater accuracy but also reliability.

This is the much-needed characteristic that real-world predictive applications will require. The
traditional model’s distribution of lower accuracy is a reflection of its limited modeling
capability. To sum it up, the GNN spatiotemporal model is declared the winner in the battles
of accuracy and robustness as per the verification done by Figure 2.

Table 3. Extreme Values of Root Mean Square Error (RMSE)

Extreme values of RMSE
Row number Value
1 60 24.80
2 6 23.48
Highest 3 48 22.74
4 37 22.66
5 16 21.87
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1 117 5.35
2 102 5.64
Lowest 3 104 6.10
4 70 6.27
5 85 6.52

The severe values of the Root Mean Square Error (RMSE) calculated for the different
observations are presented in Table 3. The highest value of RMSE of 24.80 is located in row
60 as indicated in Table 3, which means it is the largest prediction deviation. Rows 6, 48, 37,
and 16 are also some of the instances with high errors, they all have the RMSE values over 21.
The presence of high RMSE values indicates the difficult situations for the model to recognize
the underlying patterns accurately. Deviations like these could These can be due to factors such
as noise, abrupt variations, or the intricate nature of data behavior. On the other hand, the lowest
RMSE values demonstrate remarkably precise predictions. The record presented in row 117
reveals an RMSE of 5.35, which is an indication of exceptional model accuracy. The remaining
instances with slight mistakes, specifically rows 102, 104, 70, and 85, retain their RMSE
figures below 6.6. The remarkable difference between the maximum and minimum RMSEs
points to the unevenness of prediction difficulty. Yet, the number of cases with very low
RMSEs stands for the good overall performance of the model. The study reveals that the
model's performance is stable and trustworthy given the right conditions. Extreme RMSE value
assessment provides insight into the worst and best scenario. Such insight is very important in
determining the strength and rarity of a model. The data presented in Table 3 is quite useful in
discovering the conditions that lead to high prediction errors. However, Table 3 still contributes
to an overall assessment of the model's accuracy and reliability in terms of predictions.

25
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Figure 3. A Comparison between RMSE Distributions of GNN for Spatiotemporal Data with
Traditional Models.

Figure 3 shows the distribution of the Root Mean Square Error (RMSE) for both the GNN
spatiotemporal model and the traditional model, thus facilitating direct comparison. The
distinctions pointed out in Figure 3 are supportive of the GNN spatiotemporal model since it
keeps on showing lower RMSE values compared to the classic one. Its RMSE values mostly
fall between 7 and 11, this indicates that its predictions are closer to the actual values. The
median RMSE of the GNN model is significantly lower, thus indicating a very reliable
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performance. The slenderness of the violin plot denotes that the prediction errors are very small
in variability.

However, the traditional model errors are way higher as compared to those of the Al model.
Most of its error distribution lies between 15 and 22, as observed in Figure 3. The larger
dispersion suggests a higher degree of inconsistency and a stronger reaction to the changes in
data. The median RMSE that is higher also points out the lack of predictive power in the
traditional method. Outliers in the classical approach further illustrate the uncertainty in certain
situations.

The distinct division of the two distributions demonstrates the superiority of the GNN model
in terms of performance. A lower RMSE means that the prediction and the actual outcome are
nearer to each other. The preceding discussion on the quantitative RMSE analysis has been
visually supported by Figure 3. The outcome is that it shows the effectiveness of the use of
spatiotemporal dependencies.

To sum it up, Figure 3 indicates that the GNN spatiotemporal model outperforms the traditional
model in terms of accuracy and reliability in forecasting.

One-Way ANOVA (Welch's)

F dfl df2 p
Prediction_Accuracy 1664 1 105.0 <.001
Inference Latency ms 247 1 95.0 <.001
Spatiotemporal_Feature_Count 225 1 105.6 <.001

Table 4 presents a comparison of models using one-way ANOVA with Welch's correction on
the basis of performance metrics.

Table 4 supports the claim of a highly significant difference in accuracy of the prediction.
Welch's ANOVA gives an F-value of 1664 with degrees of freedom (1, 105.0).

The p-value obtained is less than .001, which points to a significant effect that can be
statistically identified.

This indicates that the two models vary greatly in their capability to predict correctly.

There is also a significant difference in inference latency measured in milliseconds.

An F-value of 247 with degrees of freedom (1, 95.0) is given in Table 4.

The p-value of below .001 implies a strong statistical separation between the models.

This means that the difference in terms of computational efficiency is not trivial.

Moreover, spatiotemporal feature count is another factor that has a significant effect.

The Welch's ANOVA results in an F-value of 225 with degrees of freedom (1, 105.6) for this
effect.

And again, p-value is less than .001, providing evidence for statistical significance.

All these differences among the models have been demonstrated through different metrics.
The very fact that Welch's ANOVA has been used points to the study's reliability despite the
unequal variances.

On the whole, Table 4 furnishes very strong statistics that endorse the new model's claim to the
throne.

5. CONCLUSION AND FUTURE WORK
Conclusion
This research provided a complete assessment of a Graph Neural Network—based

spatiotemporal modeling framework for smart city and infrastructure analytics, and it
compared its performance with that of a classical predictive model. The nowadays analysis and
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the previous one show the GNN spatiotemporal model to be better in different respects. The
proposed approach provides significantly higher prediction precision and considerably lower
RMSE, implying that there's a closer connection between the predicted and actual results.
Besides, the minor variations in the accuracy and error metrics underscore the fact that the
performance is reliable and consistent throughout the different scenarios.

Once again, the evaluation of extreme values reveals the GNN model's prediction strength and
its ability to deliver a robust performance even in tough situations that are full of noise or
complex hidden patterns. On the other hand, the conventional model is more prone to errors,
suffers from a limited ability to represent non-linear and interconnected relationships and
thereby its predictions are not reliable. The results of Welch’s ANOVA test offer literary
support for the existence of significant differences between the models with respect to
prediction accuracy, inference latency, and spatiotemporal feature utilization (p < .001). These
results corroborate that employing graph-based representations along with temporal dynamics
leads to better learning of complicated spatial-temporal dependencies.

In summary, the findings affirm that graph neural networks can be considered a highly efficient
and robust framework for the prediction of spatiotemporal phenomena in the areas of smart
city and infrastructure. The offered model opens the door to new possibilities in terms of
accuracy, stability, and analytical depth, thus becoming the perfect candidate for real-life
decision-support applications such as traffic forecasting, energy management, and urban
infrastructure monitoring.

Future Work

The present research acknowledges the significant merits of the GNN-based spatiotemporal
modeling but at the same time reveals plenty of open doors for future studies. To begin with,
the combination of attention mechanisms and adaptive graph learning to automatically change
the node relationships with time can be a theme for future research. It can be predicted that the
model will be more capable of identifying changing spatial dependencies in the ever-changing
urban areas through this improvement. Moreover, the extension of the framework to the
processing and analyzing of data streams of large volume in real-time could lead to its being
implemented in smart city systems where instant predictions are made.

What is more, the integration of multimodal data sources including sensor readings, satellite
imagery, and socio-economic indicators can provide richer feature representations and thus
enhance predictive performance. In addition, future research might investigate the merging of
GNNs with transformer-based temporal models for better capturing of long-range temporal
dependencies. Testing of the suggested framework on different real-world case studies
including transportation, water distribution, and energy networks would, in turn, support its
generalizability. The interpretability and explainability techniques, in the end, should be
incorporated into the decision-making processes to create the trust and transparency necessary
for the large-scale deployment of applications in infrastructure and public sectors which are
critical.

6. REFERENCES

1. Kuma Beyene Fita. (2021). An Assessment of the Notions of Women’s Immovable
Property Rights in Ethiopia in light of John Locke’s Theory of Property. Journal of Legal
Subjects(JLS) ISSN 2815-097X, 1(01), 1-7. https://doi.org/10.55529/jIs11.1.7

2. Kola Vasista. (2022). Benefits And Approaches Of Artificial Intelligence. Journal of
Acrtificial Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 2799-
1172, 2(02), 19-23. https://doi.org/10.55529/jaimInn.22.19.23

98


https://doi.org/10.55529/jls11.1.7
https://doi.org/10.55529/jaimlnn.22.19.23

10.

11.

12.

13.

14.

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

Lembah Nurani Anjar Kinanti, Achmad Irwan Hamzani, & Kus Rizkianto. (2022).
Chemical Castration for Child Rapists Judging from Indonesia’s Ratification of ICCPR
and CAT.Journal of Legal Subjects(JLS) ISSN 2815-097X, 2(02), 1-12.
https://doi.org/10.55529/j1s22.1.12

Ms. Rashmi Dubey, Dr. Ujwala Bendale, & Ms. Mayura Pawar. (2022). Provisions for
Protection against Child Prostitution: A Study. Journal of Legal Subjects(JLS) ISSN 2815-
097X, 2(06), 1-8. https://doi.org/10.55529/j1s.26.1.8

Md. Tabil Ahammed, Chinmoy Das, Shahriar Rahman Oion, Sudipto Ghosh, & Maharin
Afroj. (2022). Design and Implementation of Programmable Logic Controller Based
Automatic Transfer Switch. Journal of Artificial Intelligence,Machine Learning and
Neural Network (JAIMLNN) ISSN: 2799-1172, 2(02), 8-18.
https://doi.org/10.55529/jaimInn.22.8.18

Ms. Pinal Solanki. (2022). A Study on Emotion Detection & Classification from Text
using Machine Learning. Journal of Artificial Intelligence,Machine Learning and Neural
Network (JAIMLNN) ISSN: 2799-1172, 2(02), 40-46.
https://doi.org/10.55529/jaimInn.22.40.46

Mark Kevin V. Rimando, & Reynaldo R. Corpuz. (2022). A Real Time Tracking System
for School Forms Using QR Codes with Watermarking Algorithm. Journal of Artificial
Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 2799-1172, 2(03),
24-33. https://doi.org/10.55529/jaimInn.23.24.33

Manikandan. (2022). A Literature Survey on Vision Assistance System Based on
Binocular Sensors for Visually Impaired Users. Journal of Artificial Intelligence,Machine
Learning and Neural Network (JAIMLNN) ISSN: 2799-1172,2(04), 33-42.
https://doi.org/10.55529/jaiminn.24.33.42

Ms.Sharda Y.Salunkhe, & Dr.Mahesh S.Chavan. (2022). Survey of Different Techniques
to Detect Alzheimer’s Disease. Journal of Artificial Intelligence,Machine Learning and
Neural Network (JAIMLNN) ISSN: 2799-1172, 2(05), 22-33.
https://doi.org/10.55529/jaimInn25.22.33

Mounika Siluveru, Dharavath Nanda, & RadhaKrishna Karne. (2022). Study and Analysis
of OTFS and OFDM. Journal of Artificial Intelligence,Machine Learning and Neural
Network (JAIMLNN) ISSN: 2799-1172, 2(06), 13-23.
https://doi.org/10.55529/jaimInn.26.13.23

Manikandan. (2022). Cyber Security Issues and Solution in Vehicular Networks. Journal
of Artificial Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 2799-
1172, 2(06), 43-54. https://doi.org/10.55529/jaimInn.26.43.54

Nura Bawa, Hafsat Yusuf Imam, & Aishatu Jibril Bello. (2022). Undergraduate Students’
Perceptions of the Use of Moodle Learning Management System in Usmanu Danfodoyo
University, Sokoto. Journal of Artificial Intelligence,Machine Learning and Neural
Network (JAIMLNN) ISSN: 2799-1172, 2(03), 1-8.
https://doi.org/10.55529/jaimInn.23.1.8

Omkar Dabade, Aditya Admane, Deepak Shitole, & Vitthal Kamble. (2022). Developing
an Intelligent Credit Card Fraud Detection System with Machine Learning. Journal of
Artificial Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 2799-
1172, 2(01), 45-53. https://doi.org/10.55529/jaimInn.21.45.53

Panneerselvam. (2022). Framework and Challenges of Cyber Security in India: An
Analytical Study. International Journal of Information Technology &Amp; Computer
Engineering (NITC) ISSN : 2455-5290, 2(04), 27-34.
https://doi.org/10.55529/ijitc.24.27.34

99


https://doi.org/10.55529/jls22.1.12
https://doi.org/10.55529/jls.26.1.8
https://doi.org/10.55529/jaimlnn.22.8.18
https://doi.org/10.55529/jaimlnn.22.40.46
https://doi.org/10.55529/jaimlnn.23.24.33
https://doi.org/10.55529/jaimlnn.24.33.42
https://doi.org/10.55529/jaimlnn25.22.33
https://doi.org/10.55529/jaimlnn.26.13.23
https://doi.org/10.55529/jaimlnn.26.43.54
https://doi.org/10.55529/jaimlnn.23.1.8
https://doi.org/10.55529/jaimlnn.21.45.53
https://doi.org/10.55529/ijitc.24.27.34

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

Paul Matudi Bako, & Udisifan Michael Tanko. (2022). The Place of Artificial Intelligence
in Accounting Field and the Future of Accounting Profession. Journal of Artificial
Intelligence,Machine Learning and Neural Network (JAIMLNN) ISSN: 2799-1172, 2(05),
15-21. https://doi.org/10.55529/jaimInn.25.15.21

Showkat Ahmad Dar, & Dr. Naseer Ahmad Lone. (2022). Lockdowns in Jammu and
Kashmir: The Human Rights Consequences. Journal of Legal Subjects(JLS) ISSN 2815-
097X, 2(04), 1-11. https://doi.org/10.55529/jls.24.1.11

S Ramesh. (2022). A Study of Law Regarding Life Insurance Business in India. Journal
of Legal Subjects(JLS) ISSN 2815-097X, 2(05), 10-14.
https://doi.org/10.55529/jls.25.10.14

Shabir Ahmad Lone. (2022). Reflections of Dr. B.R Ambedkar’s Idea of Social
Justice. Journal of Legal Subjects(JLS) ISSN  2815-097X, 2(03), 6-11.
https://doi.org/10.55529/jls.23.6.11

Talia Sopiyani, Kanti Rahayu, Erwin Aditya Pratama, Toni Haryadi, & Achmad Irwan
Hamzani. (2021). Comparison of the Law of Geographical Indications between Indonesia
and India. Journal of Legal Subjects(JLS) ISSN 2815-097X, 1(02), 1-7.
https://doi.org/10.55529/j1s12.1.7

Vanshika Singh. (2022). Role of Juvenile Justice System in India. Journal of Legal
Subjects(JLS) ISSN 2815-097X, 2(05), 1-4. https://doi.org/10.55529/jls.25.1.4

Alneza M. Bangasin. (2022). The Fridging of Selected Female Characters in Greek
Mythology. Journal of Women Empowerment and Studies (JWES) ISSN:2799-
1253, 2(06), 8-18. https://doi.org/10.55529/jwes.26.8.18

Aruna Ganjikunta, & Tejaswani Kadavakollu. (2022). Higher Education Concerns of
Underprivileged Girl Students in India— An Overview. Journal of Women Empowerment
and Studies (JWES) ISSN:2799-1253, 2(06), 19-25.
https://doi.org/10.55529/jwes.26.19.25

Alagbe John Olujimi. (2022). Bioactive Compounds in Ethanolic Extract of Strychnos
Innocua Root Using Gas Chromatography and Mass Spectrometry (Gc-Ms). Journal of
Community Pharmacy Practice(JCPP) 2799-1199, 2(01), 1-9.
https://doi.org/10.55529/jcpp.21.1.9

Dr.M.R.Prakash, & M.S.Sri Vijayalakshmi. (2022). A Response to Sexual Harassment as
Target: An Experimental Evaluation of Locus of Control, Gender and the Category of
Sexual Harassment. Journal of Women Empowerment and Studies (JWES) ISSN:2799-
1253, 2(05), 35-38. https://doi.org/10.55529/jwes.25.35.38

Dr. Muhi.N.Salman. (2021). Pediatric intoxication inducing after dental pain management
OTC Benzocaine product. Journal of Community Pharmacy Practice(JCPP) 2799-
1199, 1(01), 1-3. https://doi.org/10.55529/jcppl1.1.3

Dr Alla Srivani, Gurram Vasanth, Dr. GVS Subbaroy Sharma, M. Srinivasa Rao, & Dr. P
Ramesh. (2022). Advanced Semiconductor Alloy Alxinl-Xp for Engineering and
Medicine. Journal of Community Pharmacy Practice(JCPP) 2799-1199, 2(05), 1-5.
https://doi.org/10.55529/jcpp.25.1.5

Dr. M.R. Prakash, Mrs. G. Madhuri, Mrs. A. Subhasri M, & Ms.K.Agilandeswari. (2022).
A Customer Perception of Planet Healthcare Pharmacy. Journal of Community Pharmacy
Practice(JCPP) 2799-1199, 2(06), 1-3. https://doi.org/10.55529/jcpp.26.1.3

Dr. Jayasree Dolvi. (2021). Administrative Stracture of Mughals an Explanatory
Study. Journal  of Legal Subjects(JLS) ISSN  2815-097X, 1(01), 18-24.
https://doi.org/10.55529/j1s11.18.24

Dr.Aarati Tyagi, & Dr.K.Manikyamba. (2022). An Analysis of the Gory and Glory of
Artificial Intelligence. Journal of Artificial Intelligence,Machine Learning and Neural

100


https://doi.org/10.55529/jaimlnn.25.15.21
https://doi.org/10.55529/jls.24.1.11
https://doi.org/10.55529/jls.25.10.14
https://doi.org/10.55529/jls.23.6.11
https://doi.org/10.55529/jls12.1.7
https://doi.org/10.55529/jls.25.1.4
https://doi.org/10.55529/jwes.26.8.18
https://doi.org/10.55529/jwes.26.19.25
https://doi.org/10.55529/jcpp.21.1.9
https://doi.org/10.55529/jwes.25.35.38
https://doi.org/10.55529/jcpp11.1.3
https://doi.org/10.55529/jcpp.25.1.5
https://doi.org/10.55529/jcpp.26.1.3
https://doi.org/10.55529/jls11.18.24

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

Network (JAIMLNN) ISSN: 2799-1172, 2(05), 1-14.
https://doi.org/10.55529/jaimInn.25.1.14

Didi Susianto, & Eka Ridhawati. (2022). Neural Network -Based Prediction Model for
Determining Student Expertise . Journal of Artificial Intelligence,Machine Learning and
Neural Network (JAIMLNN) ISSN: 2799-1172, 2(05), 34-43.
https://doi.org/10.55529/jaimInn.25.34.43

Egy Dwi Maulana, Imam Asmarudin, Tiyas Vika Widyastuti, Achmad Irwan Hamzani, &
Mukhidin. (2022). Protection of Uighur Muslim in Human Rights Aspect in International
Law Perspective. Journal of Legal Subjects(JLS) ISSN 2815-097X, 2(04), 12-20.
https://doi.org/10.55529/jls.24.12.20

G. Sindhu kumari, R. Rajila, S. Sujithra, M.Jenifer Tamizharasi, D.Beula shiny, & T.
Kumaran. (2021). Haemagglutinin And Chitinase Activities Of Virulent Aeromonas
Hydrophila Islolated From Cyprinus Carpio. Journal of Community Pharmacy
Practice(JCPP) 2799-1199, 1(01), 4-8. https://doi.org/10.55529/jcpp11.4.8

Gupta, V. ., Virmani, D. T. ., & Singh, D. V. . (2022). A Comparative Diagnostic account
of the Roots of Boerhavia diffusa Linn. From Four Different Geographical Regions in
India. Journal of Community Pharmacy Practice(JCPP) 2799-1199, 2(03), 1-6.
https://doi.org/10.55529/jcpp.23.1.6

Gnanavi Gummadi, & Biswanath Gupta. (2022). Remote Sensing Data and International
IP  Laws. Journal of Legal Subjects(JLS) ISSN 2815-097X, 2(02), 13-28.
https://doi.org/10.55529/j1s22.13.28

Herman, Fajar Ari Sudewo, & Sanusi. (2022). Advocacy Problems in Virtual Criminal
Trials. Journal ~ of Legal Subjects(JLS) ISSN  2815-097X, 2(01), 1-10.
https://doi.org/10.55529/j1s21.1.10

Isna Rezkia Lukman, Ratna Unaida, & Sri Setiawaty. (2022). Comparative Study of
Student Chemistry Learning Results Using Problem Based Learning (Pbl) Model and
Think Pair and Share (Tps) On Basic Law of Chemistry Materials At Sma Negeri 1
Gandapura. Journal of Community Pharmacy Practice(JCPP) 2799-1199, 2(02), 6-15.
https://doi.org/10.55529/jcpp22.6.15

Isidor Fuh Suh. (2022). Bilingualism: A Catalyst for Social Cohesion in the Context of
Decentralization: Stakes and Challenges. Journal of Legal Subjects(JLS) ISSN 2815-
097X, 2(05), 5-9. https://doi.org/10.55529/j1s.25.5.9

Juraeva Nodira Tukhtapulatovna, Mahmudova Aziza Dzhumanovna., & Madashova
Anajon Gazxanovna. (2022). Hereditary Deficiency Of Blood Coagulation Factor Vii —
Hypoproconvertinamia Republican Specialized Scientific And Practical Medical Center
Of Hematology Of The Ministry Of Health Of The Republic Of Uzbekistan. Journal of
Community Pharmacy Practice(JCPP) 2799-1199, 2(02), 1-5.
https://doi.org/10.55529/jcpp22.1.5

Kuma Beyene Fita. (2021). An Assessment of the Notions of Women’s Immovable
Property Rights in Ethiopia in light of John Locke’s Theory of Property. Journal of Legal
Subjects(JLS) ISSN 2815-097X, 1(01), 1-7. https://doi.org/10.55529/j1s11.1.7

Kuma Beyene Fita. (2021). A Quest for a Wider Mandates to Customary Justice
Institutions in Ethiopia: A Particular Emphasis on ‘Yaa’aa Yaaboo’ (a Qaallu
Court). Journal of Legal Subjects(JLS) ISSN  2815-097X, 1(01), 8-17.
https://doi.org/10.55529/j1s11.8.17

Lembah Nurani Anjar Kinanti, Achmad Irwan Hamzani, & Kus Rizkianto. (2022).
Chemical Castration for Child Rapists Judging from Indonesia’s Ratification of ICCPR
and CAT.Journal of Legal Subjects(JLS) ISSN 2815-097X, 2(02), 1-12.
https://doi.org/10.55529/j1s22.1.12

101


https://doi.org/10.55529/jaimlnn.25.1.14
https://doi.org/10.55529/jaimlnn.25.34.43
https://doi.org/10.55529/jls.24.12.20
https://doi.org/10.55529/jcpp11.4.8
https://doi.org/10.55529/jcpp.23.1.6
https://doi.org/10.55529/jls22.13.28
https://doi.org/10.55529/jls21.1.10
https://doi.org/10.55529/jcpp22.6.15
https://doi.org/10.55529/jls.25.5.9
https://doi.org/10.55529/jcpp22.1.5
https://doi.org/10.55529/jls11.1.7
https://doi.org/10.55529/jls11.8.17
https://doi.org/10.55529/jls22.1.12

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

Mrs. B. U. Jain, & Dr. K. B. Burade. (2022). Characterization and In-Vitro Antibacterial
Evaluation of Ethanolic Extract of Capparis Zeylanica Stem. Journal of Community
Pharmacy Practice(JCPP) 2799-1199, 2(04), 1-8. https://doi.org/10.55529/jcpp24.1.8
Nisha Shukla. (2022). Role of Govt led Schemes in Empowering Women in India. Journal
of Women Empowerment and Studies (JWES) ISSN:2799-1253, 2(06), 26-33.
https://doi.org/10.55529/jwes.26.26.33

Ordu Stanley, Helen Chituru Wagwu, Francis Attah Egu, Mary Ayuba, & Shote Adedapo
Oladeji. (2022). Gender Education, Virtue and Style in Zaynab Alkali’s the Virtuous
Woman. Journal of Women Empowerment and Studies (JWES) ISSN:2799-1253, 2(06),
34-41. https://doi.org/10.55529/jwes.26.34.41

Shabir Ahmad Lone. (2022). Reflections of Dr. B.R Ambedkar’s Idea of Social
Justice. Journal of Legal Subjects(JLS) ISSN  2815-097X, 2(03), 6-11.
https://doi.org/10.55529/jls.23.6.11

Showkat Ahmad Dar, & Dr. Naseer Ahmad Lone. (2022). Lockdowns in Jammu and
Kashmir: The Human Rights Consequences. Journal of Legal Subjects(JLS) ISSN 2815-
097X, 2(04), 1-11. https://doi.org/10.55529/jls.24.1.11

Trecia Mae Mataranas, Sahara Laurenne Gallego, & Neil Caesar Tado. (2022).
Exploratory Studies on the Technical Viability of Bioethanol Production from Fermented
Sago (Metroxylon sagu) Starch. Journal of Community Pharmacy Practice(JCPP) 2799-
1199, 2(04), 9-14. https://doi.org/10.55529/jcpp.24.9.14

Vijayachandrika C. (2022). The Empowerment of Women in Tamil Nadu: A Multi-
Dimensional Approach. Journal of Women Empowerment and Studies (JWES)
ISSN:2799-1253, 2(06), 1-7. https://doi.org/10.55529/jwes.26.1.7

Vanshika Singh. (2022). Role of Juvenile Justice System in India. Journal of Legal
Subjects(JLS) ISSN 2815-097X, 2(05), 1-4. https://doi.org/10.55529/jls.25.1.4

Yuktha HJ, Gururaj S Kulkarni, Athmaja Shetty, & Padma M Paarakh. (2022).
Nanoparticles in  Pharmaceutical Science. Journal of Community Pharmacy
Practice(JCPP) 2799-1199, 2(05), 6-17. https://doi.org/10.55529/jcpp.25.6.17

Ama Sesseh Krah, Oscar Agyemang Opoku, Amos Agyeman Oduro, Isaac Opoku-
Dadzie, & Owusu-Debrah Mark. (2022). The Relationship between Service Quality and
Customer Satisfaction on Electronic Banking Services: the Case of Ahantaman Rural
Bank, Ghana. Journal of Corporate Finance Management and Banking System ( JCFMBS)
ISSN : 2799-1059, 2(05), 42-52. https://doi.org/10.55529/jcfmbs.25.42.52

Alaa Elmetwalli, Ahmed Esmael, Ahmed Abdullah, & A.A. Attia. (2021). Acute Urticaria
In A Patient With COVID-19: Obstacle Of Treatment. Journal of Prevention, Diagnosis
and Management of Human Diseases (JPDMHD) 2799-1202,1(01), 7-8.
https://doi.org/10.55529/jpdmhd11.7.8

Amr Mohamed Mounier Elsofy. (2022). Unravelling the Role of Internal Optical
Urethrotomy in Male Urethral Stricture Management. Journal of Prevention, Diagnosis
and Management of Human Diseases (JPDMHD) 2799-1202,2(02), 1-7.
https://doi.org/10.55529/jpdmhd22.1.7

Amr Mohamed Mounier Elsofy. (2022). Prostate Cancer Screening Using a Quick One-
Step PSA Test. Journal of Prevention, Diagnosis and Management of Human Diseases
(JPDMHD) 2799-1202, 2(02), 8-13. https://doi.org/10.55529/jpdmhd22.8.13

Abubakar Musa. (2021). Assessment of the Role of Religious Institutions in Enhancing
Secondary School Security in Sokoto Metropolis, Sokoto State, Nigeria. Journal of
Learning and Educational Policy(JLEP) ISSN : 2799-1121,1(01), 18-27.
https://doi.org/10.55529/jlep.11.18.27

102


https://doi.org/10.55529/jcpp24.1.8
https://doi.org/10.55529/jwes.26.26.33
https://doi.org/10.55529/jwes.26.34.41
https://doi.org/10.55529/jls.23.6.11
https://doi.org/10.55529/jls.24.1.11
https://doi.org/10.55529/jcpp.24.9.14
https://doi.org/10.55529/jwes.26.1.7
https://doi.org/10.55529/jls.25.1.4
https://doi.org/10.55529/jcpp.25.6.17
https://doi.org/10.55529/jcfmbs.25.42.52
https://doi.org/10.55529/jpdmhd11.7.8
https://doi.org/10.55529/jpdmhd22.1.7
https://doi.org/10.55529/jpdmhd22.8.13
https://doi.org/10.55529/jlep.11.18.27

56.

S57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

Aijaz Ahmad Lone. (2022). Role of Hiking Trekking in Lifestyle Diseases A Case Study
of Baderkali Trekking Trail. Journal of Prevention, Diagnosis and Management of Human
Diseases (JPDMHD) 2799-1202, 2(05), 1-10. https://doi.org/10.55529/jpdmhd.25.1.10
Abdul Khader, Dr. Kuldip Kaur Grewal, & Dr. Shaloo Saini. (2022). Role of Education in
Social Adjustment of Adolescents. Journal of Learning and Educational Policy(JLEP)
ISSN : 2799-1121, 2(01), 1-6. https://doi.org/10.55529/jlep.21.1.6

Dr. M. R. Prakash, & Mrs. G. Madhuri. (2022). A Survey on Customer Fulfillment with
HDFC ATM in Kanchipuram District. Journal of Corporate Finance Management and
Banking  System (  JCFMBS) ISSN : 2799-1059, 2(06), 21-23.
https://doi.org/10.55529/jcfmbs.26.21.23

Dr. Mohanad Yahya Almhanna, Dr. Husam Ghazi Alanbari, & Mahdi Jawad Saeed.
(2022). Correlation Of Carpal Tunnel Syndrome With Migraine In Randomly Selected
Patients With Migraine In Irag. Journal of Prevention, Diagnosis and Management of
Human Diseases (JPDMHD) 2799-1202, 2(03), 1-5.
https://doi.org/10.55529/jpdmhd23.1.5

Dr. Barsha Kalita, & Labanya Khanikar. (2021). A Systematic Review of the Literature
on Societal Attitude towards Inclusive Education In North-East India. Journal of Learning
and Educational Policy(JLEP) ISSN : 2799-1121, 1(01), 4-12.
https://doi.org/10.55529/jlep.11.4.12

Dr. Poonam Kharb. (2021). Glancing Moon From Student Perspective: Journey From
Intuitive To Scientific. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-
1121, 1(01), 28-34. https://doi.org/10.55529/jlep.11.28.34

Dr.Navdeep Kaur, & Mrs.Maninderpal Kaur. (2021). Role of Technology for Equality,
Diversity and Inclusivity. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-
1121, 1(02), 14-22. https://doi.org/10.55529/jlep.12.14.22

Giovanni Chiola. (2021). Italian Penitentiary University Centers: Promoting The Inclusion
Of Prisoners Through University Education. Journal of Learning and Educational
Policy(JLEP) ISSN : 2799-1121, 1(02), 1-6. https://doi.org/10.55529/jlep.12.1.6

Jamil Hassan Abdulkarim, Ibrahim Friday Sule, & Tamizhazhagan V. (2021).
Consequences Of Lockdown (COVID19) On Security And Life Of Northern
Nigerian. Journal of Prevention, Diagnosis and Management of Human Diseases
(JPDMHD) 2799-1202, 1(01), 9-15. https://doi.org/10.55529/jpdmhd.11.9.15

Juraeva Nodira Tukhtapulatovna. (2022). Frequency of Occurrence and Laboratory
Features of Rare Coagulopathies. Republican Specialized Scientific and Practical Medical
Center Of Hematology of the Ministry of Health of The Republic of Uzbekistan. Journal
of Prevention, Diagnosis and Management of Human Diseases (JPDMHD) 2799-
1202, 2(01), 1-5. https://doi.org/10.55529/jpdmhd21.1.5

Khalilurahman Sarwary, Faizulhaq Faizi, & Mohammad Rafee Banayee. (2022). The Role
of Human Resource Planning on the Improvement of Employees’ Recruitment
Process. Journal of Corporate Finance Management and Banking System (JCFMBS) ISSN
: 2799-1059, 2(05), 29-41. https://doi.org/10.55529/jcfmbs.25.29.41

Kajal Puri. (2022). Role Of Educational Technology In Equality, Diversity And
Inclusivity. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-1121, 2(01),
7-16. https://doi.org/10.55529/jlep.21.7.16

M.D.Thamarai Selvi, & Dr. Aruna Arputha Malar. (2021). Adopting A Learner-Centered
Approach To Improve Seafarers’ Vocabulary Skills. Journal of Learning and Educational
Policy(JLEP) ISSN : 2799-1121, 1(02), 29-60. https://doi.org/10.55529/jlep.12.29.60
Muzzamil Rehman, & Dr. Babli Dhiman. (2022). To Study the Impact on the Perception
of Banking Customers toward E-Banking (A Case Study of Jk Bank Customers). Journal

103


https://doi.org/10.55529/jpdmhd.25.1.10
https://doi.org/10.55529/jlep.21.1.6
https://doi.org/10.55529/jcfmbs.26.21.23
https://doi.org/10.55529/jpdmhd23.1.5
https://doi.org/10.55529/jlep.11.4.12
https://doi.org/10.55529/jlep.11.28.34
https://doi.org/10.55529/jlep.12.14.22
https://doi.org/10.55529/jlep.12.1.6
https://doi.org/10.55529/jpdmhd.11.9.15
https://doi.org/10.55529/jpdmhd21.1.5
https://doi.org/10.55529/jcfmbs.25.29.41
https://doi.org/10.55529/jlep.21.7.16
https://doi.org/10.55529/jlep.12.29.60

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

of Corporate Finance Management and Banking System (JCFMBS) ISSN : 2799-
1059, 2(06), 10-20. https://doi.org/10.55529/jcfmbs.26.10.20

Mahesh Gawade, Pratiksha S. Thokal, Rushikesh Salve, & Sarthak Vitonde. (2022). A
Review on: Cardiovascular Disease Atherosclerosis. Journal of Prevention, Diagnosis and
Management of Human  Diseases (JPDMHD)  2799-1202, 2(06), 1-5.
https://doi.org/10.55529/jpdmhd.26.1.5

Neelu Jhanji, & Dr Parminder Kaur. (2021). Diversity In Managerial Skills Of Secondary
School Teachers. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-
1121, 1(02), 7-13. https://doi.org/10.55529/jlep.12.7.13

Prof. Shilpa Revankar. (2022). GST and its Influence on Hospitality. Journal of Corporate
Finance Management and Banking System ( JCFMBS) ISSN : 2799-1059, 2(06), 24-28.
https://doi.org/10.55529/jcfmbs.26.24.28

Peddyreddy. Swathi. (2021). A Study on the Restrictions of Deep Learning. Journal of
Learning and Educational Policy(JLEP) ISSN : 2799-1121,1(01), 13-17.
https://doi.org/10.55529/jlep.11.13.17

Revatikumara. (2021). Article of Journal of Learning and Education Policy. Journal of
Learning and Educational Policy(JLEP) ISSN : 2799-1121,1(01), 1-3.
https://doi.org/10.55529/jlep.11.1.3

Septiana Mar’atus Sholikhah, Nabila Kharimah Vedy, & Zain Khiswari. (2022). The
Influence of Company Profitability and Size on Dividend Policy with Company Value as
Moderating Variable. Journal of Corporate Finance Management and Banking System (
JCFMBS) ISSN : 2799-1059, 2(06), 29-41. https://doi.org/10.55529/jcfmbs.26.29.41
Shilpa K, Bernaitis.L, & Pyary joy. (2021). Prevalence of Scedosporium keratitis in a rural
tertiary care hospital. Journal of Prevention, Diagnosis and Management of Human
Diseases (JPDMHD) 2799-1202, 1(01), 1-6. https://doi.org/10.55529/jpdmhd11.1.6
Swapnil Tambe, Dr. T Sivabalan, Dr. Heera Jayasheela, & Vaibhav Bhosale. (2022).
Effect of exercise program on health-related Quality of Life (QOL) in Congestive Cardiac
Failure patients. Journal of Prevention, Diagnosis and Management of Human Diseases
(JPDMHD) 2799-1202, 2(01), 6-12. https://doi.org/10.55529/jpdmhd21.6.12

Tolulope G. Daini, Obafemi A. Solesi, Helen N. Adetoyi, Olatunde O. Solaja, & Abiodun
S. Abiodun. (2022). Study on seroprevalence of Hepatitis B Virus on blood donors at State
Hospital, ljaye, Abeokuta, Ogun State. Journal of Prevention, Diagnosis and Management
of Human Diseases (JPDMHD) 2799-1202, 2(03), 6-10.
https://doi.org/10.55529/jpdmhd23.6.10

Yoeyong Rahsel, & Miswan Gumanti. (2022). The Role of Human Resources
Management in an Organization or Company. Journal of Corporate Finance Management
and Banking  System  (JCFMBS) ISSN » 2799-1059, 2(06), 1-9.
https://doi.org/10.55529/jcfmbs.26.1.9

Zulfiya Boltaeva. (2021). Resources for Students’ Educational And Research
Activities. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-1121, 1(02),
23-28. https://doi.org/10.55529/jlep.12.23.28

Assis. Prof. Dr. Rana Abdalssatar Jassim. (2022). The Impact of Special Exercises on
Cognitive Speed and Learning Some Basic Skills in the Horizontal Bar for Students in
Artistic Gymnastics. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-
1121, 2(01), 40-46. https://doi.org/10.55529/jlep.21.40.46

Aditya Prasad T. (2022). Jan Aushadi Scheme: A Crucial Step Towards Achieving Health
Equity. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-1121, 2(03), 33—
40. https://doi.org/10.55529/jlep.23.33.40

104


https://doi.org/10.55529/jcfmbs.26.10.20
https://doi.org/10.55529/jpdmhd.26.1.5
https://doi.org/10.55529/jlep.12.7.13
https://doi.org/10.55529/jcfmbs.26.24.28
https://doi.org/10.55529/jlep.11.13.17
https://doi.org/10.55529/jlep.11.1.3
https://doi.org/10.55529/jcfmbs.26.29.41
https://doi.org/10.55529/jpdmhd11.1.6
https://doi.org/10.55529/jpdmhd21.6.12
https://doi.org/10.55529/jpdmhd23.6.10
https://doi.org/10.55529/jcfmbs.26.1.9
https://doi.org/10.55529/jlep.12.23.28
https://doi.org/10.55529/jlep.21.40.46
https://doi.org/10.55529/jlep.23.33.40

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

Assis. Prof. Dr. Rana Abdalssatar Jassim. (2022). Impact of Infographic Technology on
Learning Some Basic Skills on the Floor Exercises. Journal of Learning and Educational
Policy(JLEP) ISSN : 2799-1121, 2(04), 9-14. https://doi.org/10.55529/jlep24.9.14
AbdulMalek Mustafa Shafeeq. (2022). Training Curriculum According to the Pulse
Indicator and its Impact on Some Physical and Worn-Out Variables Among Basketball
Players. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-1121, 2(04), 22—
34. https://doi.org/10.55529/jlep24.22.34

Aqib Yousuf Rather. (2022). Raja Ram Mohan Roy’s Contributions to Indian
Society. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-1121, 2(05), 10—
15. https://doi.org/10.55529/jlep25.10.15

Aadil Ahmad Shairgojri. (2022). Impact Analysis of Information and Communication
Technology (ICT) on Diplomacy. Journal of Learning and Educational Policy(JLEP)
ISSN : 2799-1121, 2(05), 16-21. https://doi.org/10.55529/jlep25.16.21

DIGHOBO, Hope, & AYARA Akemase. (2022). Technical Vocational Education And
Training As A Tool For Achieving The Goals Of Amnesty Programmes In Niger
Delta. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-1121, 2(01), 30—
39. https://doi.org/10.55529/jlep.21.30.39

Dr. Rana Abdalssatar Jassim, Dr. Almutasem Bellah W. Mahdi, & Dr. Mohammed W.
Mahdi. (2022). Effect of Using Metacognitive Thinking Mechanism in Learning Some
Avrtistic Gymnastics Skills for Students of the College of Physical Education and Sports
Sciences Basic Skills on the Floor Exercises. Journal of Learning and Educational
Policy(JLEP) ISSN : 2799-1121, 2(03), 41-45. https://doi.org/10.55529/jlep.23.41.45
Earl Jones G. Muico, Maica Simene, Desiree Mae Tagalog, & Joan Jean Jaban. (2022).
The relationship of online resource use and academic writing of students. Journal of
Learning and Educational Policy(JLEP) ISSN : 2799-1121,2(02), 27-31.
https://doi.org/10.55529/jlep.22.27.31

Fauzi, Rita Irviani, & Abdul Hamid. (2022). Learning Media Application of Knowledge
Sharing Room to Improve Student and Community Literacy. Journal of Learning and
Educational Policy(JLEP) ISSN : 2799-1121, 2(06), 1-17.
https://doi.org/10.55529/jlep26.1.17

Hicham Sadiki. (2022). Internationalization and Employability: Assessing the Effects of
Study Abroad Programs on Participants’ Employability. Journal of Learning and
Educational Policy(JLEP) ISSN : 2799-1121, 2(03), 18-32.
https://doi.org/10.55529/jlep.23.18.32

M. Zeyad Hashim Mohammed, & M. M. Ahmed Adnan Yaseen. (2022). The Effectiveness
Of The Brunner Model For Developing Technical Skills For Fifth Year Middle School
Students In Art Education. Journal of Learning and Educational Policy(JLEP) ISSN :
2799-1121, 2(01), 17-29. https://doi.org/10.55529/jlep.21.17.29

Mohd Fairoz Affendy bin Md Nordin. (2022). Relationship of Headmaster’ Instructional
Leadership on Teachers’ Efficacy. Journal of Learning and Educational Policy(JLEP)
ISSN : 2799-1121, 2(02), 11-15. https://doi.org/10.55529/jlep.22.11.15

Maria Teresa T. Garcia. (2022). Strategic Intervention Material to Improve the
Performance of the College Freshmen Students. Journal of Learning and Educational
Policy(JLEP) ISSN : 2799-1121, 2(03), 8-17. https://doi.org/10.55529/jlep.23.8.17
Mabdar Mutalib Khalaf Hammadi. (2022). The Effect of Training Mask Exercises in the
Development of Oxygen Ability And Some Physical Andfunctional Variables for the
200m Freestyle Runner. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-
1121, 2(04), 15-21. https://doi.org/10.55529/jlep24.15.21

105


https://doi.org/10.55529/jlep24.9.14
https://doi.org/10.55529/jlep24.22.34
https://doi.org/10.55529/jlep25.10.15
https://doi.org/10.55529/jlep25.16.21
https://doi.org/10.55529/jlep.21.30.39
https://doi.org/10.55529/jlep.23.41.45
https://doi.org/10.55529/jlep.22.27.31
https://doi.org/10.55529/jlep26.1.17
https://doi.org/10.55529/jlep.23.18.32
https://doi.org/10.55529/jlep.21.17.29
https://doi.org/10.55529/jlep.22.11.15
https://doi.org/10.55529/jlep.23.8.17
https://doi.org/10.55529/jlep24.15.21

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

96. Muzamil Hussain AL Hussaini. (2022). Impacts of Societal Broadcasting on Student’s
Educational Prominence. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-
1121, 2(05), 22—-28. https://doi.org/10.55529/jlep25.22.28

97. Muzamil Hussain Al Hussaini. (2022). Effect of Anxiety on Learner Educational
Presentation at School Level at Bhakkar .Journal of Learning and Educational
Policy(JLEP) ISSN : 2799-1121, 2(05), 29-39. https://doi.org/10.55529/jlep25.29.39

98. Md. Naeem Aziz. (2022). Bangladeshi Students Perceptions of Flipped Classroom: A Case
Study. Journal of Learning and Educational Policy(JLEP) ISSN : 2799-1121, 2(06), 26—
33. https://doi.org/10.55529/jlep26.26.33

99. M.D. Thamarai Selvi, & Dr. Aruna Arputha Malar. (2021). The Relationship Between
Man And Nature Is A Ruling Theme In Robert Frost Poems. Journal of Energy
Engineering and  Thermodynamics(JEET)  ISSN  2815-0945, 1(01), 1-5.
https://doi.org/10.55529/jeet11.1.5

100.Namkha Wangdi, & Rinchen Dukpa. (2022). Multifaceted Impact of Teachers’
Communication Skill on Students’ Learning and Development. Journal of Learning and
Educational Policy(JLEP) ISSN ; 2799-1121, 2(02), 16-21.
https://doi.org/10.55529/jlep.22.16.21

101.Bhoyar, M. R., Chavhan, S., & Jaiswal, V. (2014). Secure method of updating digital
notice board through SMS with PC monitoring system. IOSR Journal of Computer Science
(IOSRJCE), e-ISSN, 2278-0661.

102.Bhoyar, Mayur Ramkrushna. "Home automation system via internet using Android
phone.” InternationalJournal of Research in Science and Engineering. CSE Department,
JDIET, Yavatmal 6 (2015).

103.H. Poddar, V. Roy, M. Bhoyar, A. Gangrade, K. N. Venkata Kowshik and P. Rathod,
"Leveraging Context-Aware Fogging for Advanced Remote Patient Monitoring and
Healthcare in Modern Life,” 2025 4th OPJU International Technology Conference
(OTCON) on Smart Computing for Innovation and Advancement in Industry 5.0, Raigarh,
India, 2025, pp. 1-6, doi: 10.1109/0TCON65728.2025.11070467.

104.Bhoyar, Mayur R., and Ravi Verma. "Review Paper on a Lightweight Secure Data Sharing
System for Mobile Cloud Computing.” Jour of Adv Research in Dynamical & Control
Systems 10 (2018): 2174-21279.

105.Bhoyar, M. R., Chavhan, S., Kalbande, S., & Thengadi, N. (2015). Heart Attack Detection
System Using Android Phone. ljfeat International Journal For Engineering Applications
And Technology, 1(8), 79-82.

106.Bhoyar, M. R., & Jaiswal, V. Secure Method of Updating Digital Notice Board through
SMS with Pc Monitoring. Science (IOSR-JCE) e-ISSN, 2278-0661.

107.Pathak, M., Navaneetha, K., Bhoyar, M., Holkar, U., Tanna, P., & Deepthi, T. (2025,
April). Enhancing cloud service security with key escrow and certificateless elliptic curve
cryptography. In 2025 4th OPJU International Technology Conference (OTCON) on
Smart Computing for Innovation and Advancement in Industry 5.0 (pp. 1-6). IEEE.

108.Shukla, P. K., Ananthanarayanan, A., Bhoyar, M., Pahade, A., Tanna, P., & Soujanya, M.
(2025, April). A secure key escrow mechanism using ecc for distributed mobile networks
and cloud services. In 2025 4th OPJU International Technology Conference (OTCON) on
Smart Computing for Innovation and Advancement in Industry 5.0 (pp. 1-6). IEEE.

109.Navaneetha, K., Mehra, V., Bhoyar, M., Kanthi, K. S., Tanna, P., & Karthik, M. V. (2025,
April). Enhancing coverage and energy efficiency in b5g networks through hexagonal
tiling and ft-s2es strategy. In 2025 4th OPJU International Technology Conference
(OTCON) on Smart Computing for Innovation and Advancement in Industry 5.0 (pp. 1-6).
IEEE.

106


https://doi.org/10.55529/jlep25.22.28
https://doi.org/10.55529/jlep25.29.39
https://doi.org/10.55529/jlep26.26.33
https://doi.org/10.55529/jeet11.1.5
https://doi.org/10.55529/jlep.22.16.21

International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

110.Gupta, S. S., Danghi, P. S., Bhoyar, M., Ahamed, S. A., Tanna, P., & Bhaskarani, N. (2025,
April). Optimizing edge server deployment in 5g networks: A forecasting-based approach
with ai-driven strategies. In 2025 4th OPJU International Technology Conference
(OTCON) on Smart Computing for Innovation and Advancement in Industry 5.0 (pp. 1-6).
IEEE.

111.Kumar, B. V., Sharma, J., Anne, K. R., Khan, S., Rakhra, M., & Bhoyar, M. (2025,
February). Blockchain-Powered Solutions for Carbon Neutral and Sustainable Economies.
In 2025 International Conference on Technology Enabled Economic Changes
(InTech) (pp. 1510-1515). IEEE.

112.Yamsani, N., Kaur, A., Sarasu, P., Khan, S., Singh, H. K., & Bhoyar, M. (2025, February).
Machine Learning Applications in Inflation Forecasting: A Comparative Study of FAVAR
and BVAR Models. In 2025 International Conference on Technology Enabled Economic
Changes (InTech) (pp. 1-5). IEEE.

113.Kumar, K. S., Anne, K. R., Khan, S., Rakhra, M., & Bhoyar, M. (2025, February).
Blockchain-Enabled Smart Contracts for Transparent and Sustainable Supply Chains.
In 2025 International Conference on Technology Enabled Economic Changes
(InTech) (pp. 1482-1488). IEEE.

114.Yamsani, N., Kant, V., Sarasu, P., Khan, S., Kaur, B., & Bhoyar, M. (2025, February).
Data-Driven Financial Services: Advancing Payment Systems Through Fintech
Innovations. In 2025 International Conference on Technology Enabled Economic
Changes (InTech) (pp. 1506-1509). IEEE.

115.Jagadish, S., Verma, G., Anne, K. R., Khan, S., Singh, H. K., & Bhoyar, M. (2025,
February). The Role of Al in Rational Expectations and Behavioral Economics. In 2025
International Conference on Technology Enabled Economic Changes (InTech) (pp. 1502-
1505). IEEE.

116.Ravi, K., Bhuria, R., Sarasu, P., Khan, S., Kaur, B., & Bhoyar, M. (2025, February). Al-
Driven Predictive Modeling for Real-Time Economic Forecasting. In 2025 International
Conference on Technology Enabled Economic Changes (InTech) (pp. 1477-1481). IEEE.

117.Chukka, N. D. K. R., Kaliappan, S., Maranan, R., Dhal, P. K., Mounika, A., & Bhoyar, M.
(2025, February). The Rise of Digital-First Banking: Fintech Innovations Shaping the
Future. In 2025 International Conference on Technology Enabled Economic Changes
(InTech) (pp. 1025-1029). IEEE.

118.Dr. Nimisha Beri, Mayur Bhoyar, Mr. Ashish B. Samarth, Mr. Sumit R. Raut. (2024).
ENDURING BELIEFS AND EVOLVING PRACTICES: THE INFLUENCE OF
MATHEMATICS TEACHERS’ BELIEFS ON INSTRUCTIONAL QUALITY AND
STUDENT PERFORMANCE. Utilitas Mathematica, 120, 1255-1267.

119.Dr. Parminder, Mr. Sumit R. Raut, Mayur Bhoyar, Mr. Ashish B. Samarth. (2024).
HARMONIZING NUMBERS AND NOTES: ENHANCING MATHEMATICAL
MODELING WITH MUSICAL RHYTHMS IN TEACHER PROFESSIONAL
DEVELOPMENT. Utilitas Mathematica, 120, 1268-1277.

120.Mayur Bhoyar, Mr. Sumit R. Raut, Mr. Ashish B. Samarth, Dr. Anoop Beri. (2024). Cross-
Cultural Examination of Cognitive Flexibility in Arithmetic: Replicating Rathgeb-
Schnierer and Green’s Methodology among Asian Language-Speaking Students. Utilitas
Mathematica, 120, 1218-1231.

121.Mayur Bhoyar, Mr. Ashish B. Samarth, Mr. Sumit R. Raut, Dr. Anoop Beri. (2024).
DECODING THE GEOMETRIC PROOF: A RUBRIC-BASED ANALYSIS OF
CONGRUENT TRIANGLE REASONING ERRORS AMONG ASIAN
STUDENTS. Utilitas Mathematica, 120, 1232-1243.

107



International Journal of Multidisciplinary Engineering Research & Reviews

VOL 04, ISSUE 06, 2025

122.Mayur Bhoyar, Mr. Ashish B. Samarth, Ravshan Nurimbetov, Mr. Sumit R. Raut, Dr.
Anoop Beri. (2024). ASSESSING MATHEMATICAL MODELING PROFICIENCY IN
K-12 EDUCATORS: INSIGHTS FROM THE MATHEMATICAL MODELING
KNOWLEDGE SCALE (MMKS) IN ASIA. Utilitas Mathematica, 120, 1244-1254

123.Viswanathan, Venkatraman. "Pioneering Ethical Al Integration in Enterprise Workflows:
A Framework for Scalable Team Governance.” Available at SSRN 5375619 (2024).

124.Viswanathan, Venkatraman. "Embedding Ethical Principles into Generative Al
Workflows for Project Teams." (2024).

108



