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ARTICLE INFO ABSTRACT

This study introduces an Enhanced Random Forest model for a program recommendation
system aimed at supporting waitlisted applicants. The study integrates feature engineering,
Revised: 12 Feb 2025 feature selection, and a hybrid hyperparameter tuning approach to improve the model’s
classification accuracy, reliability, and interpretability. Feature engineering was used to capture
interrelationship between program choices and associated college departments, allowing the
model to recognize nuance relationships. Recursive Feature Elimination systematically
eliminated the least significant features, ensuring that the model focuses on features that have
high predictive attributes. To mitigate the limitations of traditional hyperparameter tuning
methods, a hybrid approach of RandomizedSearchCV and GridSearchCV was utilized to
effectively find optimal parameters while minimizing computation costs. A dataset of 1,505
applicants who underwent the Pamantasan ng Lungsod ng Maynila Admission Test for school
year 2024 was utilized to train models. The Enhanced Random Forest was compared against
Traditional Random Forest, AdaBoost, Gradient Boosting, and Extra Trees Classifier using an 8-
fold cross-validation with different scoring metrics such as accuracy, F1-Score, and ROC-AUC.
Results show a significant improvement, where the enhanced model achieved an accuracy of
75.10% with an F1-Score of 74.23% and an ROC-AUC score of 96.57%, outperforming other
models across all metrics. The Enhanced Random Forest also achieved a lower standard
deviation across all metrics resulting in a stable model compared to the other models. A web
application using the enhanced model was developed to support the program recommendation
process. The findings demonstrate the effectiveness of the proposed enhancements in addressing
challenges in an admission-based recommendation system by offering a robust framework for
academic decision-making.
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INTRODUCTION

Academic admission is the primary process that student applicants initiate with their academic endeavor [1].
Credential evaluation is an in-depth process involving strict assessment to identify the most fitting student prospects
who would meet the criteria for getting accepted [2]. Being admitted to college is quite complex and usually involves
precise verification and evaluation of the student’s academic ability [3]. Hence, machine learning algorithms are
adopted to predict and classify the most fitting program for an applicant.

Random Forest is a machine learning model for supervised learning that is typically used for regression and
classification tasks. During training, it produces several decision trees that aim to attain a unified output [4]. This
randomized nature of the model allows it to handle complex datasets effectively. It delivers crucial information on
the importance of characteristics, which assists in choosing the vital features in the datasets [5]. Although random
forests are widely used, there are still limitations within the algorithm that need to be modified for enhancement. It
is susceptible to overfitting due to noisy dataset [6]. This is usually fixed by applying hyperparameter tuning, wherein
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hyperparameters, which refer to parameters that need to be set before training the model, are thoroughly chosen to
find the best fit for the model. In this way, the model will have a better learning process, which leads to better
performance [7].

Despite its evident advantages, the application of program recommendations for classification poses challenges as it
relates to handling complex data, considering that this field of application needs to address the intricate relationships
within the admission datasets. Specifically, recommendation systems have a common significant challenge with
regards to capturing feature interactions, which is a crucial factor to achieve a desirable performance and accuracy
of the machine learning model [8]. This problem underscores the need for methodologies such as feature engineering
to derive those relationships and correlated features to achieve a better classification model. Additionally, the
randomized nature of its feature selection process also poses drawbacks as it can overlook critical features that may
be a vital factor, potentially negatively affecting the model performance.

This study proposes an enhancement of the Random Forest model by including a feature engineering method, feature
selection, and a hybrid hyperparameter tuning. Feature engineering will be applied to the dataset by determining the
similarities between the different classes [8]. In the context of the admission process, each class are grouped based
on their corresponding college department. Then, the interactions between these college departments and program
choices of the applicants will be considered. These interactions will aid the model to capture the underlying
relationships between the features which can enhance the classification capability of the model [9]. Furthermore, the
feature selection will use Recursive Feature Elimination (RFE) which removes certain features that had the lowest
feature importance score. This method will rank features recursively and will continually remove features that are
deemed least important until the desired number of features is achieved. Lastly, the hybrid approach to
hyperparameter tuning utilizing the RandomizedSearchCV and GridSearchCV. It is utilized to find the optimized
parameters of the Random Forest Model. RandomizedSearchCV will obtain optimal hyperparameters by randomly
choosing configurations [10], and GridSearchCV will obtain optimal hyperparameters by going through various
combinations within a specified range [11]. By integrating the two tuning approaches, this study aims to provide a
method to obtain the best and optimal combination of parameters, which improves the accuracy and efficiency of the
classification model [12].

METHODOLOGY
a) Random Forest

Random Forest was introduced by Leo Breiman [13] which is an ensemble machine learning model for regression
and classification. The ensemble property of the algorithm allows it to produce several decision trees that aim to
attain a unified output [4]. It would build a decision using different samples and use the average for any regression
problems and majority vote for classification problems [14] as shown in Figure 1.

Classification is a type of supervised machine learning methodology in which the objective of the model is to provide
prediction on the category or class of new samples based on a set of features from a labeled dataset [15]. It follows a
repetitive process that learns from the patterns and group data based on their predetermined classes. In classification
algorithms, the dataset is divided into two sections (i.e., training data and testing data). It will use the training dataset,
which is typically the larger set of data, to learn through the patterns or trends within it. The remaining testing dataset
will be used for evaluating the model’s performance by testing it to perform predictions on new unseen data which
are not familiar to the model.

DATASET

DECISION TREE -1 DECISION TREE - 2 DECISION TREE -3

RESULT-1 RESULT-2 RESULT-3

MAJORITY VOTING / AVERAGING

FINALRESULT

Figure 1. Visualization of Random Forest Model
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b) System Framework

The framework of the proposed program recommendation system that is aimed at helping program advising for
waitlisted applicants of the Pamantasan ng Lungsod ng Maynila (PLM) Admission Test (PLMAT) is presented in
Figure 2.

A dataset of 1,882 applicants who participated in the PLMAT for the school year 2024 with confirmed programs were
obtained from the admission office of PLM. Each record includes three program choices, academic strand, General
Weighted Average (GWA), and program rating, which serves as the dataset’s features. The confirmed program of
each applicant will serve as the target label of the dataset.

The dataset was standardized to ensure consistency across all features. Records with missing target labels were
removed, as their presence could compromise the analysis of program selection patterns. Finally, outliers were
identified using the Z-score method and removed based on a defined threshold, minimizing the influence of extreme
values and enhancing the dataset's overall reliability for analysis. This ensures that the model can effectively process
and learn from a clean dataset, as the model’s performance is tied to the quality of the data it utilizes [16].
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Testing Data Training Data
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Figure 2. System Framework of Random Forest Model for Program Recommendation
c¢) Feature Engineering

Feature engineering was applied to the dataset by identifying the similarities between the classes of the program
choices. Each class of the program choice falls under a specific college department. Interactions between the college
departments were also identified to determine the similarities between the program choices of an applicant. By
capturing these interactions, the model can gain insights into the relationship between features [8]. This approach
would allow a systematic classification of programs based on underlying similarities and would reduce feature
redundancy and improve the model’s interpretability that would enhance the classification performance of the model

[9].

Table 1 presents the classes for the new feature column based on the similarities of each class in the program choices.
This will generate three new columns based on the determined departments of programs since an applicant has three
program choices when they apply for the admission. The generated features will then be compared to each other,
which will generate additional columns determining if the program choice of an applicant falls within the same
department of the college.
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Table 1. Departments PLM and their respective programs

Department

Programs

College of Architecture and Sustainable Built
Environments (CASBE)

BSArch

College of Accountancy (CA)

BSA

College of Business Administration (CBA)

BSBAMM, BSBAFM, BSBABE, BSBAHRM, BSREM,
BSTM, BSEntrep, BSHM

College of Engineering (CEng)

BSCHE, BSCE, BSCpE, BSEE, BSECE, BSME

College of Information Systems &
Technology Management (CISTM)

BSIT, BSCS

College of Humanities, Arts and Social BAC, BSSW

Sciences (CHASS)

College of Nursing (CN) BSN

College of Physical Therapy (CPT) BSPT

College of Science (CS) BSBio, BSMath, BSChem, BSPsy

College of Education (CED)

BSEd-Eng, BSEd-Fil, BSEd-Math, BSEd-SS, BSEd-Sci,

College of Public Administration (CPA)

BPA

The dataset is split into training and testing subsets using the holdout method [17], with 80% of the data allocated
for training and 20% for testing. Data resampling will only be applied to the training dataset, while feature selection
will be conducted on both the training and testing datasets. This approach aims to improve the quality of data and

improve the efficiency of the subsequent processes.
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Figure 2. Sample Count and Classes of the Resampled Distribution of the Dataset
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d) Data Resampling and Feature Selection

Data resampling was applied to the training dataset as it was observed that classes of the training dataset were not
balanced as shown in Figure 3. Class imbalance occurs when a class of a dataset is considered a minority instance or
a majority instance [18]. The minority class may be misclassified as the model will be biased towards the majority
class to address the class imbalance in the dataset.

n n—m

ns(Ci) =—

momig D)

Equation (1) [19] provides the calculation of the desired number of samples of each class (n,(c;)) to identify class
imbalance within the dataset. The imbalance in the dataset is addressed using Synthetic Minority Oversampling
Technique (SMOTE) for oversampling and Tomek Links for undersampling. This requires the total number of
samples (n) of the dataset, the total number of classes (m), and a user-defined parameter (n).

The value 1 ranges from 0 to 1 and is directly proportional to n;. When 1 is 0, there should be no more than one
instance for a class to qualify as a minority class. If a class has no instances, the class does not exist. On the other
hand, when n is 1, the resulting ns value is approximately 50% of the ideal number of samples (Ideals); Ideals = %

Table 2. Resultant number of Minority Class after calculating ns with varying n value

n ns Value Number of Minority Classes
0.20 9 0
0.40 15 2
0.60 19 5
0.80 22 7
1 25 9

The minority and majority classes will be identified by (1) of the training dataset where there are 1505 samples with
32 distinct classes: n = 1505, m = 32. The number of samples in each class (n,) is shown in Figure 3. Both n = 1505
and m = 32 values are substituted to (1) with different n values to calculate ny. The class is said to be part of the
minority if n., is less than n, otherwise, it will be part of the majority class. The n, value is shown in Table 2 and is
compared with n., values in Figure 3 to identify the minority class in the training dataset.

A dataset is considered imbalanced if at least one minority class is identified after calculating the ng value
corresponding to 1. Analyzing the number of minority classes in Table 2 reveals that as the n value increases, the
number of minority classes also rises, confirming the dataset's imbalance. To address this issue, SMOTE will be
applied to handle the minority class, while Tomek Links will be used to manage the majority class.

SMOTE is used to oversample the minority class by replicating and generating new data points closely related to the
existing sample [20]. The new samples are randomly generated by selecting one or more K-nearest neighbors for the
minority classes, which effectively boosts the count of samples based on the calculated ns (number of samples). This
approach particularly balances the dataset through increasing the samples within the minority class.

On the other hand, Tomek Link eliminates instances from the majority class closely related to the minority class by
applying the nearest neighbor rule to a selected instance [21] instead of removing samples until it reaches the desired
number of samples. Tomek Link will only partially address the class imbalance of the dataset, but the main objective
is to clarify the decision boundary by eliminating borderline cases within the majority class.

To address class imbalance, the dataset shown in Figure 4 has been prepared for training the Random Forest model
using a combination of SMOTE and Tomek Links. SMOTE has added synthetic samples to enhance the representation
of the minority classes, while Tomek Links have partially reduced samples from the majority classes. This approach
has successfully refined the class boundaries, improving the distinction between the majority and minority classes,
while significantly increasing the overall number of samples in the dataset.

The dataset will undergo feature selection using Recursive Feature Elimination (RFE), a technique that fits a model
and systematically eliminates the least important features based on their coefficients or importance scores [22]. RFE
evaluates and ranks features by iteratively searching through subsets of the training dataset, starting with all features
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and progressively removing the least significant ones until the desired number of features is reached [23]. This
process helps identify and retain the most important features for optimal model training.

e) Hyperparameter Tuning

Hyperparameters are configuration variables set before training an algorithm to enhance performance [24]. Tuning
the hyperparameters of a model to find the best combination of parameters for the dataset improves the accuracy
and efficiency of a model [12]. The hyperparameter tuning approach the study would utilize is a hybrid between
RandomizedSearchCV and GridSearchCV.

The hyperparameter tuning will focus on the following key hyperparameters:

1) n_estimator: the number of trees in the forest. This determines the number of decision trees used by the model
2) max_depth: the maximum depth of each tree. This controls how deep each tree can grow

3) min_samples_split: the minimum number of samples required to split an internal node; and

4) min_samples_leaf: the minimum number of samples needed to be present at a leaf node

Table 3. Broader Parameter Space for Initial Search

Parameters Lower Bound Upper Bound Steps
n_estimators 100 1000 50
max_ depth 10 50 10
min_samples_split 2 10

min_samples_leaf 1 4 1

Table 4. Narrow Parameter Space for GridSearchCV

Parameters Lower Bound Upper Bound Steps
n_estimators -100 +100 50
max_ depth -10 +10 5
min_samples_split -1 +2

min_samples_leaf 0 +2 1

Optimizing these hyperparameters enhances the model by achieving a balance between complexity and
generalization. Adjusting the number of generated trees and controlling its depth, allows the model to avoid
overfitting while capturing key patterns in the data. Having a threshold for splits and leaves ensures that each tree
remains meaningful, improving accuracy and interpretability of the model.

RandomizedSearchCV is a hyperparameter tuning technique that optimizes the model’s performance by randomly
sampling from a specific range of hyperparameter values. RandomizedSearchCV will obtain optimal
hyperparameters by randomly selecting the best set of parameters from the search space [10]. This is executed
through randomly testing parameter combinations from a wider range.

GridSearchCV is a hyperparameter tuning method that continuously searches through a specific set of
hyperparameter combinations that it finds to be the best performing one for the model. This approach is an
exhaustive search technique as it checks every possible combination of hyperparameters [7]. Although it is
computationally demanding, it will obtain the optimal hyperparameters by going through each combination [11].

The parameter grid in Table 3 will guide the initial hyperparameter tuning of the Random Forest model. The best
hyperparameters found by RandomizedSearchCV will define a refined parameter grid in Table 4 by adding and
subtracting the outlined values to serve as the lower and upper bound of the grid, which GridSearchCV will then apply
to further tune the model.

f) Evaluation

The Enhanced Random Forest model will be compared to four other classification models: Traditional Random
Forest, Adaptive Boosting, Gradient Boosting and Extra Trees Classifier. Adaptive Boosting (AdaBoost) is a boosting
machine learning that combines weak classifiers iteratively and turning those into strong classifiers by adjusting the
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weights of training samples to improve the overall performance of the model [25]. Gradient boosting is a method that
also combines multiple weak learners to develop the final model. It follows an order to train these models sequentially
by allocating more weights on the instances with erroneous outputs [26]. Extra Trees Classifier is a variant of Random
Forest that uses a random selection of a splitting value for the nodes instead of using a calculated and optimal value
to split the data [27]. This algorithm aims to make the individual trees unique to make them diversified and
uncorrelated which generally reduces the variance.

The models will be evaluated using cross-validation. Cross-validation evaluates the performance of a model by
dividing the dataset into subsets or folds [28]. Accuracy, fi-score, and Area Under the Receiver Operating
Characteristic Curve (ROC-AUC) One-vs-Rest (OVR) will be the scoring metrics of the cross-validation.

k
1
Cross Validation Score = % Z Performance(D;)

i=1

The dataset will be divided into 8-fold (k) with approximately the same size, and it will iterate (i) over each fold where
subset i will be the test set, and the other k-1 subset will be the training set. The model will be trained with the training
set, and the test set will be used to evaluate the model to calculate the performance of the model based on the scoring
metric. The average of the scoring metric across all k iterations will serve as the cross-validation score of the model.

TP —-TN
TP+TN +FP +FN

Accuracy =

Accuracy is a fundamental performance metric in machine learning that measures the proportion of correctly
predicted instances out of the total predictions made by the model. It is calculated as the ratio of true positives (TP)
and true negatives (TN) to the overall number of instances. While accuracy is intuitive and easy to interpret, it works
best when the dataset has a balanced class distribution. In situations involving significant class imbalance, accuracy
can be misleading, as it might give an overly optimistic assessment of the model’s performance. For instance, in a
dataset where one class dominates, a model could achieve high accuracy simply by predicting the majority class every
time, even if it fails to identify instances of the minority class.

TP

p .. -
recision TP + FP

TP

Recall = m

Precision - Recall
F1 Score =2+

Precision + Recall

The F1-score is a harmonic means of precision and recall, providing a single metric that balances these two critical
aspects of model performance. Precision measures the proportion of TP among all positive predictions (TP+FP),
while recall assesses the proportion of TP correctly identified out of all actual positives (TP+FN). The Fi-score is
particularly valuable in scenarios with imbalanced datasets, as it emphasizes both false positives (FP) and false
negatives (FN). A high Fi-score indicates that the model performs well in identifying positive instances without
disproportionately sacrificing precision or recall. Unlike accuracy, which may overlook minority class performance,
the F1-score offers a more nuanced evaluation, making it a preferred choice for tasks like fraud detection, medical
diagnosis, or any domain where correctly identifying minority classes is crucial.

FP

FPR = ———
FP+TN

1

AUCL :J- Recalll(FPRl)d(FPRl)
0

ROC-AUC is a key performance metric as it determines the model’s ability to differentiate between classes. It
considers the Recall against the False Positive Rate (FPR) across all classification thresholds. By evaluating the ROC-
AUC, the metric provides a single value that summarizes the model's capacity to distinguish between positive and
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negative instances. A higher ROC-AUC indicates better performance in discriminating between classes, with a value
of 1.0 representing perfect classification and 0.5 representing random guessing.

K
1
AUCypp = EZ AUC;
i=1
In the context of multi-class classification, the OVR strategy is often employed to handle multiple categories. OVR
evaluates the performance of each class individually by comparing it against all other classes combined into a single
category. For each class, a ROC-AUC score is calculated, which measures how well the model can separate the target
class from the rest. The results are then aggregated by computing the average of these individual ROC-AUC scores to
provide an overall performance metric for the multi-class model. This approach not only enables the evaluation of
each class independently but also captures the model’s ability to generalize across all classes, making it a robust and
interpretable metric for multi-class problems.

RESULTS AND DISCUSSION

This section presents the result of the use of feature engineering, feature selection, and hyperparameter tuning and
the performances of the Enhanced Random Forest model, Traditional Random Forest model, AdaBoost, Gradient
Boosting, and Extra Trees Classifier.

all_choice_college
choice2_college_x_choice3_college
choicel_college_x_choice3_college
choicel_college_x_choice2_college
choice3_college

choice2_college

choicel_college

rating

gwa

strand

choice3

choice2

choicel

o 1 2 3 4 5

Figure 3. Feature Ranking of all features of the dataset

Figure 5 presents the ranking of all the features based on their importance in training the model including the
generated features with the use of feature engineering. The features are ranked from one to five, where a feature that
is ranked one indicates the most important feature, and the other ranks are considered less important. Out of the 13
features that are evaluated, the following features were retained for the model training: choice1, choice2, choice3,
strand, gwa, rating, choice1_college, choice2_college, choice3_college. The features were identified as
most informative in the model’s classification tasks.

The features that were grouped based on the interrelationship of classes for the Program Choices, choice1_ college,
choicez_college, and choice3g_ college, were retained. The retention of these features indicates the model has
captured the interaction between the classes of the Program Choices. The addition of these features added nuance in
understanding the applicant’s preferences beyond their ranks. While the interaction between the interrelationship of
classes of Program Choices are considered by the model not important and was eliminated by RFE. This suggests that
the interaction terms among departments does not add any substantial predictive value. This suggests that while the
grouped choices have direct predictive importance, the combination of departments has no significant enhancement
towards the model’s predictive abilities.
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Figure 4. Feature importance of the remaining features after RFE

Figure 6 details the relative importance of each selected feature and the final features of the dataset that will be
utilized by the Enhanced Random Forest in its training. Among the features, choicer was considered the most
important feature within the dataset. This suggests that the first program choice of the applicant is a dominant factor
in predicting the outcome, which also reflects to the model’s sensitivity to the primary choice of an applicant. This
suggests a high likelihood that an applicant will choose or be accepted in their first choice in the admission, thus
holding the most predictive weight.

The rating feature gained the second highest importance within the dataset which suggests that applicants’ standing
in the admission is a strong predictor. An outcome is expected if the rating of the applicant directly influences the
likelihood of acceptance within a program. choice1_college and choice2 show considerable importance which
suggests that the specific department associated with first choice and the second choice of the applicant has
meaningful contribution. The high importance of choice1_college indicates that not only the choice itself but also
the specific department tied to the choice plays a role in predicting the outcome, possibly due to the unique
characteristics or strength of a certain department. On the other hand, strand and choice3_college are among
the least important features. The low importance of strand suggests that while the academic strand of the applicant
can be a factor, it does not heavily influence the outcome compared to other variables. This indicates that the
predictive model is more influenced by the choice and ratings than by academic background alone, or this can also
suggest that strand is not discriminatory.

Table 5. Returned Hyperparameters based on the Tuning Approach

Default Randomized GridSearch | Hybrid
Parameters | SearchCV only | CV only Approach
n_estimators 100 850 800 8o0
max_ depth None 20 30 30
min_samples_split | 2 3 3 3
min_samples_leaf |1 1 1 1
Time (minutes) 1.42 31.47 5.81

In tuning the hyperparameters for the Enhanced Random Forest, three approaches, RandomizedSearchCV only,
GridSearchCV only, and the hybrid approach, were utilized to determine the optimal hyperparameters of the model.
Table 5 shows the returned hyperparameters of the different approaches and the default parameter of the model.
Default parameters can provide a quick benchmark, but this does not tailor the model’s complexity and learning
capabilities to a specific dataset.

Using RandomizedSearchCV, it has explored a broad hyperparameter space based on the parameter grid presented
in Table 2. It has performed 5-fold cross-validation for each of the 150 randomly selected parameter combinations,
totaling 750 fits. The RandomizedSearchCV tuning took approximately 1.42 minutes to finish searching for the
optimal parameter. It has effectively sampled from a wide parameter space and swiftly concluded to a potential and
near-optimal parameter, while using a lower computational cost.
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GridSearchCV has exhaustively searched over the parameter grid defined in Table 3 which would involve testing every
possible combination of parameters leading to 3420 total combinations and performing a 5-fold cross-validation on
each, resulting in 17,100 fits. The tuning approach took significantly longer with an approximate time of 31.47
minutes. Although GridSearchCV is computationally expensive, it has ensured a comprehensive exploration of the
parameter space, which increases the likelihood of finding the true optimal hyperparameter set for the model.

The hybrid approach that the Enhanced Random Forest utilizes aims to combine the speed of RandomizedSearchCV
with the thoroughness of GridSearchCV. This two-step process allows RandomizedSearchCV to identify a promising
region of the hyperparameter space, using the same parameter grid in Table 3 that will take approximately 1.42
minutes. The best parameters found by RandomizedSearchCV will be the starting point of the parameter grid for the
subsequent GridSearchCV. With the ranges shown in Table 4, GridSearchCV will perform a more focused search,
conducting 1,500 fits over 300 combinations with 5-fold cross-validation. This step took approximately 4.39 minutes
to return an optimal parameter. The entire hybrid process approximately took 5.81 minutes. Notably, the hybrid
approach has returned the same parameter as the GridSearchCV that has searched the entire parameter space, but it
has significantly reduced the computational cost for searching the optimal parameter.

The generated features and the remaining important features of the dataset will be utilized by the Enhanced Random
Forest model along with the tuned hyperparameters produced by the hybrid approach of RandomizedSearchCV and
GridSearchCV. The performance of the Enhanced Random Forest model is compared with the Traditional Random
Forest, AdaBoost, Gradient Boosting, and Extra Trees Classifier are evaluated using different scoring metrics. Each
metric was assessed using 8-fold cross-validation, providing the mean scores and their respective standard deviation.

Table 6. Comparative analysis of different classification models

Accuracy

F1-Score

ROC-AUC

Enhanced Random Forest

0.7510 + 0.0226

0.7423 + 0.0219

0.9657 + 0.0068

Traditional Random Forest

0.6468 £ 0.0246

0.6303 £ 0.0284

0.9485 £ 0.0091

AdaBoost

0.6952 + 0.0468

0.6866 £ 0.0452

0.9532 + 0.0093

Gradient Boosting

0.6638 £+ 0.0387

0.6523 + 0.0399

0.9100 + 0.0152

Extra Trees Classifier

0.6839 + 0.0377

0.6693 + 0.0372

0.9574 + 0.0103

The Enhanced Random Forest model showed a significant increase in performance in comparison to the other models
across the different performance metrics as shown in Table 6. The model has attained an accuracy of 0.7510 + 0.0226
and an F1 Score of 0.7423 + 0.0219, surpassing the Traditional Random Forest model, which gained 0.6468 + 0.0246
for its accuracy and 0.6303 + 0.0284 for its F1 Score. It also outperformed AdaBoost (0.6952 + 0.0468 and 0.6866
+ 0.0452), Gradient Boosting (0.6638 + 0.0387 and 0.6523 + 0.0399), and Extra Trees Classifier (0.6839 + 0.0377
and 0.6693 + 0.0372), which suggests that the feature engineering, feature selection, and tuning were effective and
has increased the general classification accuracy while maintaining a balance between precision and recall.

In terms of ROC-AUC, the Enhanced Random Forest has attained the highest score at 0.9657 + 0.0068 compared to
the Traditional Random Forest (0.9485 + 0.0091), AdaBoost (0.9532 + 0.0093), Gradient Boosting (0.9100 +
0.0152), and Extra Trees (0.9574 + 0.0103). Although the Extra Trees Classifier and AdaBoost produced great ROC-
AUC scores, their relatively lower Accuracy and F1 Scores indicate that while they can rank instances effectively, it
can be prone to misclassification errors in terms of its overall performance and class balance.

The relatively lower standard deviation of the Enhanced Random Forest model underscores its robust and consistent
performance across multiple folds. This suggests that the hybrid hyperparameter tuning approach, along with careful
feature engineering and selection, significantly increased the model’s capability to capture underlying patterns in the
dataset.

To fully utilize the Enhanced Random Forest model, the PLMAT Course Recommendation web application was
developed to streamline the decision-making process for the possible program that would fit the student applicants’
academic profiles and preferences. By applying the Enhanced algorithm, this web application will use that model to
create predictions for program recommendations on a new set of admission applicants. This will be beneficial for the
PLM admission office as it can facilitate the potential program allocations for waitlisted applicants while eliminating
some manual processing involved in the decision-making process of assigning programs. This web application was
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developed using the Python programming language with the use of Streamlit, a Python framework specifically used
for Artificial Intelligence or Machine Learning projects with functionalities that deliver user-friendly and interactive
design. By leveraging these open-source technologies, the application would not only efficiently organize the
admission workflow but would also enhance the overall experience for its users. With its simplicity and
straightforwardness, its users would easily navigate and access the application without needing a certain level of
technical expertise.

PLMAT Course Recommendation

Figure 7. PLMAT Course Recommendation Main Interface

Figure 7 shows the initial interface of this web application provides a straightforward design for users to upload their
datasets. They will be prompted to upload their data to the uploader through an Excel file (xlsx) with a file size limit
of 200 MB. The uploading of files can either be through drag and drop or browsing of files within the system. This
user-friendly design allows the upload feature to be efficient and accessible, which serves as the initial step for the
program recommendation process.

Figure 8. Data Preview and Predictions of Random Forest Model with Corresponding Vote Percentage

After the uploading of the Excel file, the model will automatically analyze the data. As shown in Figure 8, the
application will then display the uploaded dataset in a tabular format for a quick overview of the input data.
Underneath the input, the output, which displays the corresponding predictions of each sample data, will be
displayed in a tabular form as well. It will show the first top five programs recommended by the model along with the
percentage of the prediction. This corresponds to the proportion of the trees that voted for that class. The inclusion
of the download button is to combine the input and the output into a single Excel file for ease of processing.
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SHAP Analysis

SHAP Analysis for Random Forest
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Figure 9. SHAP Interface of PLMAT Course Recommendation Website

As displayed in Figure 9, this section of the web application provides a comprehensive SHAP (Shapley Additive
Explanations) analysis for the Random Forest model. It presents two visualizations that illustrate the impact of each
feature on a selected class, which are selected through a drop-down menu.

SHAP Analysis for Class: BAC
This plot shows the impact of each feature on the selected class.
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Figure 10. SHAP Dot Plot Visualization for a Selected Class

The first summary dot plot as shown in Figure 10 demonstrates the impact of each feature to the prediction for the
selected class. Basically, each dot in the visualization represents a single prediction, with a color indicating the feature
value (e.g., red for high feature value and blue for low feature value). The wide spread of the dots across the x-axis
means that the feature has varying impacts on various samples. Furthermore, the clustering of dots in a certain spot
indicates the relative effect of that sample to the predictions. Clustered dots on the positive side of the x-axis means
that lower or higher feature value drives higher predictions for that sample. Contrary to this, clustered dots on the
negative side suggest a lower prediction for the sample.

Feature Importance Plot for Selected Class
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Figure 11. SHAP Analysis Bar Plot Visualization
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As presented in Figure 11, the next bar plot is a more simplified visualization that shows the importance for the
selected class. It shows an ordered plot of the features that have the highest impact on the model’s predictions. It uses
the mean absolute SHAP values for each feature which represents the average contribution of that feature across all
samples. The length of each bar is proportional to the significance of the feature that influences the model for its
prediction. This means that the larger values indicate higher importance whereas lower values mean less importance
as a determining factor for the target class.

Force Plot (Select Specific Prediction)

Select Prediction Index

Figure 12. SHAP Force Plot Visualization

Lastly, Figure 12 allows the user to select a specific prediction index using a slider. It will show how individual features
influence a specific prediction for the selected class. The base value represents the average model prediction which is
typically the value that the model would predict if no features were provided. The colored arrows represent how each
feature contributes to moving the prediction from the base value. The width of each arrow indicates the extent of the
feature’s effect on the prediction. Red arrows signify positive contribution which means it moves the prediction
higher, while blue arrows emphasize negative contribution, or it moves the prediction lower.

CONCLUSION

This study highlights the enhancement of the Random Forest algorithm for program recommendation of waitlisted
applicants through feature engineering, feature selection, and hybrid hyperparameter tuning. The findings have
shown that the application of feature engineering to the dataset, particularly the corresponding college departments
associated with the program choices of the applicants, significantly improved the model’s classification capabilities.
Although certain interacting features were influential to the model’s performance, other features were deemed
irrelevant. Hence, the application of recursive feature elimination (RFE) was a vital step to reduce the noise within
the dataset. This iterative process of eliminating the lowest predicting factors among the features allowed much more
reliable predictions for the model as it utilized the strong indicators in the instances rather than the features that had
lower importance. Furthermore, the application of RandomizedSearchCV and GridSearchCV to optimize the
hyperparameter settings of the Random Forest Model has reduced the possibility of overfitting and improved the
classification accuracy of the model. Using RandomizedSearchCV for the initial set of hyperparameters allowed a
much smaller search space for the optimal settings. Then, GridSearchCV further refines the best-performing
parameters from the already narrow search space. This allowed the model to attain the optimal set of
hyperparameters without compromising the computational costs.

In comparison with the other models, the enhanced Random Forest algorithm outperformed the other models by
huge margins across all metrics. These results feature the model’s robustness and its capabilities in balancing
precision and recall while accurately predicting the classes of each instance. In conclusion, this study established a
significant improvement in the predictive performance of the Random Forest algorithm in relation to program
recommendations. This emphasizes the effectiveness of the methodology employed in this study, which can represent
an optimized solution for machine learning models in similar areas, contributing to a more effective and efficient
decision-making strategy for the education field.
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