
Tehnički vjesnik 30, 2(2023), 623-633                                                                                                                                                                                                            623 

ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)                                                                                                                              https://doi.org/10.17559/TV-20220823104912 
Original scientific paper 

 
 

Research on Feature Selection Methods based on Random Forest 
 

Zhuo WANG 

 
Abstract: Aiming to deal with the irrelevant or redundant features, this paper proposes eight kinds of feature selection methods. The first seven feature selection methods 
include CART and Random Forests (CART-RF), CHIAD and Random Forests (CHIAD-RF), SVM and Random Forests (SVM-RF), Bayesian Network and Random Forests 
(BN-RF), neural Network and Random Forests (NN-RF), K-Means and Random Forests (K-Means-RF) and Kohonen and Random Forests (Kohonen-RF). These methods 
use CART, CHAID, SVM, BN, NN, K-Means and Kohonen to evaluate the importance and ranking of features, and then obtain feature subsets through RF algorithm. The 
eighth method is named hybrid integration methods and random forests (Integrate-RF). Integrate-RF uses the average importance of the seven methods and the optimal 
features subset can be selected based on the OOB data classification error rate. Experimental results indicate that feature selection methods proposed in this article can 
effectively select features and reduce the data dimension. 
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1 INTRODUCTION 
 

With the data dimension increases, there are more and 
more irrelevant features and redundant features; thereby 
the learner cannot fully obtain the effective information 
from data, reducing the performance of the learner. 
Especially for small-sample and high-dimensional data, it 
is easy for "dimensional disaster" and over-fitting 
phenomenon to occur. To deal with such a problem, feature 
selection [1-2] is an effective method; it removes irrelevant 
features and redundant features to reduce the number of 
features, and finds optimal feature subset which is the 
smallest but can improve the learner's recognition to the 
maximum. Feature selection [3] is very useful to solve 
dimension reduction of high dimensional data, especially 
for the modelling of small-sample and high-dimensional 
data. 

Feature selection [4] is a process of cyclically 
searching for the optimal feature subset; it mainly includes 
feature importance evaluation, feature subset generation, 
feature subsets evaluation, search termination condition, 
results verification and confirmation. Among them, feature 
importance evaluation [5-11] is one of the most important 
steps to feature selection. Feature selection algorithms can 
be divided into supervised feature selection [12] and 
unsupervised feature selection [13], and can also be 
divided into four categories [14-16]: filter methods, 
wrapper methods, embedded methods and hybrid methods. 

The paper proposes eight kinds of feature selection 
methods, the eighth feature selection method using hybrid 
integration of difference models and random forests 
(Integrate-RF). The difference models include CART [17], 
CHAID [18], SVM [19], Bayesian Networks (BN) [20], 
Neural Networks (NN) [21], K-Means [22] and Kohonen 
[23]. Integrate-RF [24] method obtains ordering of feature 
importance by integrating various supervised and 
unsupervised feature evaluation methods, and generates 
feature subset by forward search strategy, then evaluates 
the feature subsets in terms of the minimum OOB error of 
the random forests, feature number of the lowest OOB 
error, the average OOB error, the variance of OOB error 
rate. 
 

2 METHOD 
2.1 Feature-Importance-Evaluation Methods 
 

Hybrid feature selection method includes feature 
importance evaluation, feature subsets generation and 
feature subsets evaluation. Feature importance evaluation 
is one of the most important steps to feature selection. 
Integrate-RF method obtains ordering of feature 
importance by hybrid integration of difference models. 
CART, CHAID, SVM, Bayesian Networks (BN), and 
Neural Networks (NN) belong to supervised embedded 
feature selection algorithms. K-Means and Kohonen are 
unsupervised embedded feature selection algorithms, they 
are all available for feature-importance-evaluation. 
 
2.1.1 Supervised Methods 
 

Feature importance can be determined by computing 
the reduction in variance of the target attributable to each 
feature, via a sensitivity analysis. This method of 
computing feature importance is used in the following 
models: CART, CHAID, SVM, BN, NN, when Y is the 
target, Xj is feature, where j = 1, …, k, k is number of 
features, Y = f(X1, X2, …, Xk). Model for Y is based on 
features X1 through Xk. Features are ranked according to the 
sensitivity measure defined as follows. 
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where V(Y) is the unconditional output variance. In the 
numerator, the expectation operator E calls for an integral 
over X−i; that is, over all factors but Xi, then the variance 
operator V implies a further integral over Xi. Feature 
importance is then computed as the normalized sensitivity. 
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Classification and regression tree (CART) splits the 

data into two subsets so that the samples within each subset 
are more homogeneous than in the previous subset. It is a 
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recursive process; each of those two subsets is then split 
again, and the process is repeated until the homogeneity 
criterion is reached or some other stopping criterion is 
satisfied. The same predictor field may be used several 
times at different levels in the tree. It uses surrogate 
splitting to make the best use of data with missing values. 
CART is quite flexible. It allows unequal misclassification 
costs to be considered in the tree growing process. It also 
allows you to specify the prior probability distribution in a 
classification problem. 

CHAID stands for Chi-squared Automatic Interaction 
Detector. It is a highly efficient statistical technique for 
segmentation, or tree growing. Using the significance of a 
statistical test as a criterion, CHAID evaluates all of the 
values of a potential predictor field. It merges values that 
are judged to be statistically homogeneous (similar) with 
respect to the target variable and maintains all other values 
that are heterogeneous (dissimilar). It then selects the best 
predictor to form the first branch in the decision tree, such 
that each child node is made of a group of homogeneous 
values of the selected field. This process continues 
recursively until the tree is fully grown. The statistical test 
used depends upon the measurement level of the target 
field. If the target field is continuous, an F test is used. If 
the target field is categorical, a chi-squared test is used. 
CHAID is not a binary tree method; that is, it can produce 
more than two categories at any particular level in the tree. 
Therefore, it tends to create a wider tree than the binary 
growing methods. It works for all types of variables, and it 
accepts both case weights and frequency variables. It 
handles missing values by treating them all as a single valid 
category. 

The Support Vector Machine (SVM) is a supervised 
learning method that generates input-output mapping 
functions from a set of labelled training data. The mapping 
function can be either a classification function or a 
regression function. For classification, nonlinear kernel 
functions are often used to transformed input data to a   
high-dimensional feature space in which the input data 
become more separable compared to the original input 
space. Maximum-margin hyperplanes are then created. 
The produced model depends on only a subset of the 
training data near the class boundaries. Similarly, the 
model produced by Support Vector Regression ignores any 
training data that is sufficiently close to the model 
prediction. (Support Vectors can appear only on the error 
tube boundary or outside the tube.) 

Bayesian Networks (BN) provides a succinct way of 
describing the joint probability distribution for a given set 
of random variables. Let V be a set of categorical random 
variables and G = (V, E) be a directed acyclic graph with 
nodes V and a set of directed edges E. A Bayesian network 
model consists of the graph G together with a conditional 
probability table for each node given values of its parent 
nodes. Given the value of its parents, each node is assumed 
to be independent of all the nodes that are not its 
descendents. The joint probability distribution for variables 
V can then be computed as a product of conditional 
probabilities for all nodes, given the values of each node's 
parents. Given set of variables V and a corresponding 
sample dataset, we are presented with the task of fitting an 
appropriate Bayesian network model. The task of 
determining the appropriate edges in the graph G is called 

structure learning, while the task of estimating the 
conditional probability tables given parents for each node 
is called parameter learning. 

Neural networks (NN) predict a continuous or 
categorical target based on one or more predictors by 
finding unknown and possibly complex patterns in the 
data. The multilayer perceptron (MLP) is a feed-forward, 
supervised learning network with up to two hidden layers. 
The MLP network is a function of one or more predictors 
that minimizes the prediction error of one or more targets. 
Predictors and targets can be a mix of categorical and 
continuous fields. 
 
2.1.2 Unsupervised Methods 
 

This method uses the following models to compute the 
importance of predictors: K-Means, Kohonen, when Y is 
target, Xj is predictor, where j = 1, …, k, k is number of 
predictors, Y = f(X1, X2, …, Xk), model for Y is based on 
predictors X1 through Xk. The importance of feature i is 
defined as: 
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where Ω denotes the set of predictor and evaluation 
features, sigi is the significance or p-value computed from 
applying a certain test, as described below. If sigi equals 
zero, set sigi = MinDouble, where MinDouble is the 
minimal double value. In across clusters, the p-value for 
categorical feature is based on Pearson's chi-square, the      
p-value for continuous features is based on an F test. In 
clusters, the null hypothesis for categorical feature means 
that the proportion of cases in the categories in cluster j is 
the same as the overall proportion, the p-value for 
categorical features is based on Pearson's chi-square. The 
null hypothesis for continuous features is that the mean in 
cluster j is the same as the overall mean, the p-value for 
continuous features is based on Student's t statistic. 

The K-Means method is a clustering method, used to 
group records based on similarity of values for a set of 
input fields. The basic idea is to try to discover k clusters, 
such that the records within each cluster are similar to each 
other and distinct from records in other clusters. K-Means 
is an iterative algorithm; an initial set of clusters is defined, 
and the clusters are repeatedly updated until no more 
improvement is possible (or the number of iterations 
exceeds a specified limit). 

Kohonen models are a special kind of neural network 
model that performs unsupervised learning. It takes the 
input vectors and performs a type of spatially organized 
clustering, or feature mapping, to group similar records 
together and collapse the input space to a two-dimensional 
space that approximates the multidimensional proximity 
relationships between the clusters. The Kohonen network 
model consists of two layers of neurons or units: an input 
layer and an output layer. The input layer is fully connected 
to the output layer, and each connection has an associated 
weight. Another way to think of the network structure is to 
think of each output layer unit having an associated center, 
represented as a vector of inputs to which it most strongly 
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responds (where each element of the center vector is a 
weight from the output unit to the corresponding input 
unit). 
 
2.2 Feature Subset Generation and Evaluation 
 

RF is a classification that comes with a set of CARTs, 
and introduces random selection features based on 
Bagging, which can be used for classification, regression 
and variable importance analysis. It can process data with 
missing values, and achieves excellent effect for class 
imbalanced data; besides, it has high stability and strong 
generalization, and can complete the test internally and get 
classification errors. Therefore, this paper uses random 
forests as a classifier to evaluate the feature subset. 
 
3 PREPROCESSING 
 

CART, CHIAD, SVM, BN, NN, K-means, and 
Kohonen are seven effective machine learning methods. 
The paper uses these seven methods for feature importance 
evaluation, random forests evaluates the feature subset, 
then forms seven feature selection methods; model 
structure is shown in Fig. 1. 
 

 
Figure 1 Eight feature selection methods structure 

 
There are seven feature selection methods that are 

proposed. They include: CART Random Forests (CART-
RF), CHIAD Random Forests (CHIAD-RF), SVM 
Random Forests (SVM-RF), BN Random Forests            
(BN-RF), NN Random Forests (NN-RF), K-Means 
Random Forests (K-Means-RF) and Kohonen Random 
Forests (Kohonen-RF). These methods use CART, 
CHIAD, SVM, BN, NN, K-means or Kohonen to obtain 
the feature importance ranking. Then the forward search 
method is used to generate the feature subset, according to 
the feature importance. The forward search method starts 
from the empty subset, and greedily adds the feature with 
the highest score into the feature subset each time. After 
adding one feature, the corresponding model is trained and 
tested; at the end, the classification ability of the feature 
subset is determined by the OOB error rate of the random 
forests. 

The Integrate-RF model structure is shown in Fig. 1. 
This method uses seven feature importance evaluation 

methods to obtain seven feature importance ranking 
results, takes the average of the seven results as the final 
feature importance ranking results, and then uses a forward 
search method to generate a feature subset. Finally, the 
classification ability of the feature subset is determined by 
the OOB error rate of the random forests. 
 
4 RESULTS AND DISCUSSION 
 

In order to verify the effectiveness of the eight feature 
selection methods, the paper designs three sets of 
experiments. The first set of experiments uses CART, 
CHAID, SVM, BN, NN, K-Means, and Kohonen to 
calculate the importance ranking of features, and takes the 
average of the above seven methods as the feature 
importance ranking of the Integrate-RF method; the second 
set of experiments rearranges the features in the data table 
according to the feature importance to obtain a new data 
table, and then builds random forests model with decision 
tree number ranging from 1 - 100 for each new data table, 
to get the decision tree number when the random forests 
model is better. The third group of experiments compares 
the minimum OOB error, OOB error mean and variance, 
and the number of features in the optimal feature subset for 
each method with the introduction of features. 
 
4.1 Data Sets Introduction 
 

The experiment uses six sets of UCI classification data 
sets. A brief description is shown in Tab. 1. 
 
4.2 Feature Importance Ranking 
 

Feature importance evaluation is an important part of 
the feature selection. This experiment uses seven 
algorithms of CART, CHAID, SVM, BN, NN, K-Means, 
and Kohonen in the SPSS Model to obtain seven feature 
importance ranking results. The average of the feature 
importance rankings is the feature importance ranking of 
Integrate-RF. The results are shown in Tab. 2. 
 
4.3 Parameter Selection of Classifier 
 

The number of decision tree has a certain impact on 
the performance of random forests. The main task in this 
section is to explore and analyse the relationship between 
the number of decision tree and the OOB error estimates of 
random forests, and to find the number of decision tree 
when the random forest is better. The specific experimental 
process is as follows: first, reorganize the data table 
according to the feature importance ranking of each model; 
second, the number of trees in the random forests starts 
from 1 to 100, and the step size 20, classify the new data 
table and get the OOB error estimation rate. The 
relationship between the OOB error estimation rate of each 
method and the number of trees for six data sets is shown 
in Fig. 2. 
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Table 1 Data sets introduction 
Data Set Number of instances Number of features Number of categories Missing Values? 
Lenses 24 4 3 No 

Iris 150 4 3 No 
Breast Cancer Wisconsin (Original) 699 9 2 yes 

Breast Cancer Wisconsin (Diagnostic) 569 30 2 No 
Lung Cancer 32 56 3 yes 

SCADI 70 205 7 No 
http://archive.ics.uci.edu/ml/datasets.html 

 
Table 2 The results of feature importance ranking 

Feature importance ranking（Lenses） 

feature CART CHAID SVM BN NN K-Means Kohonen average value sort 
astigmatic 2 1 2 3 1 2 2 1 

tear 1 2 1 1 2 4 3 2 
age 3 3 3 2 3 1 1 3 

spectacle 4 3 4 4 4 3 4 4 

Feature importance ranking（Iris） 

feature CART CHAID SVM BN NN K-Means Kohonen average value sort 
sepal width 3 3 3 3 1 4 4 3 
petal length 1 2 2 1 2 1 1 1 
petal width 2 1 1 2 3 2 2 2 
sepal length 4 4 4 4 4 3 3 4 

Feature importance ranking (Breast Cancer Wisconsin (Original)) 
feature CART CHAID SVM BN NN K-Means Kohonen average value sort 
Mitoses 9 5 7 6 1 9 9 8 

Bare Nuclei 2 2 1 2 2 1 1 1 
Bland Chromatin 7 6 4 3 3 4 6 4 
Clump Thickness 5 7 2 9 4 8 5 5 

Uniformity of Cell Shape 3 9 3 5 5 3 3 3 
Uniformity of Cell Size 1 1 9 1 6 2 2 2 

Marginal Adhesion 4 3 6 8 7 6 8 7 
Normal Nucleoli 6 8 5 4 8 5 4 6 

Single Epithelial Cell Size 8 4 8 7 9 7 7 9 
Feature importance ranking (Breast Cancer Wisconsin (Diagnostic)) 

feature CART CHAID SVM BN NN K-Means Kohonen average value sort 
feature21 4 9 2 16 4 5 1 1 
feature8 13 4 4 1 18 1 6 2 
feature23 1 1 3 24 22 4 2 3 
feature7 12 9 7 5 14 3 9 4 
feature24 5 9 6 25 2 8 7 5 
feature28 2 2 1 21 30 2 5 6 
feature1 3 9 9 10 28 9 4 7 
feature3 8 9 10 30 7 7 3 8 
feature14 13 3 17 6 6 15 15 9 
feature27 13 9 13 18 5 6 11 10 

Feature importance ranking (lung-cancer) 
feature CART CHAID SVM BN NN K-Means Kohonen average value sort 

a48 17 4 27  3 7 6 1 
a54 17 4 9  26 6 3 2 
a47 17 4 27  8 7 6 3 
a8 17 4 30  21 1 2 4 

a19 1 1 6  36 16 18 5 
a20 16 4 1  54 3 1 6 
a23 10 4 5  29 12 20 7 
a6 3 2 16  6 28 27 8 

a22 17 4 12  34 18 5 9 
a42 17 4 13  12 22 22 10 

Feature importance ranking (SCADI) 
feature CART CHAID SVM BN NN K-Means Kohonen average value sort 

d 53011-2 18 10 3  49 26 18 1 
d 5204-1 18 10 22  12 16 49 2 
d 5200-0 18 10 20  25 18 51 3 
d 5203-1 18 10 21  26 17 50 4 
d 5102-4 15 10 56  71 6 4 5 
d 5101-4 14 10 56  84 1 1 6 
d 5202-1 18 10 56  43 35 10 7 
d 5204-2 18 10 56  48 33 8 8 
d 571-0 18 10 8  31 25 81 9 

d 53011-4 9 10 56  76 12 14 10 
Note: Because Breast Cancer Wisconsin (Diagnostic), Lung Cancer, and SCADI have many features, they are only shown the features that the average 

value sort is top 10. 
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Note: there are a total of 46 sub-graphs. The first 4 sets of data sets each have 8 sub-graphs, and the last 2 sets of data sets each have 7 sub-graphs. 

Figure 2 The relationship between OOB estimate of error rate and the number of trees 
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Figure 2 The relationship between OOB estimate of error rate and the number of trees (continuation) 
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Figure 2 The relationship between OOB estimate of error rate and the number of trees (continuation) 
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Figure 2 The relationship between OOB estimate of error rate and the number of trees (continuation) 

 
In Fig. 2, there are a total of 46 sub-graphs. The first 4 

sets of data sets each has 8 sub-graphs, and the last 2 sets 
of data sets each has 7 sub-graphs. The sub-graphs (aa) 
have the title of Lenses. CART.rf means that CART 
method obtains the feature importance ranking of the 
Lenses data and reorders the features in the Lenses data 
table, and then uses random forests to classify the new data 
table; the abscissa is the number of decision trees, and the 
ordinate is the OOB error estimation rate; The dotted line 
in the sub-picture represents the change trend of OOB error 
estimation rate for each category over the number of 
decision trees; the black solid line represents the change 
trend of overall OOB error estimates over the number of 
decision trees. From Fig. 2, it can be concluded that the 
OOB error estimate of the random forests decreases and 
then gradually balances over the number of decision trees, 
and we can get the number of decision trees for the best 
model of each data set as follows: The Lens dataset is 25, 
the Iris dataset is 25, the Breast Cancer Wisconsin 
(Original) dataset is 50, the Breast Cancer Wisconsin 
(Diagnostic) dataset is 50, the lung-cancer dataset is 50, 
and the SCADI dataset is 100. 
 
4.4 OOB Estimate of Error Rate Analysis 
 

Analysing each sub-graph in Fig. 3, we can know, as 
features were introduced sequentially, the OOB error 
estimation rate of the random forests decreases and then 
balances, indicating that the above eight feature 
importance evaluation methods are all effective. 
Comparing all methods, it is found that Integrate-RF 
method is more stable. 

In order to further compare the above eight methods, it 
calculates the minimum value, average value and variance 
of the OOB error estimation rate of each data set in the 
above experiments. The results are shown in Fig. 3. Each 
data set uses different methods to obtain the number of 
features at the minimum OOB error, the results are shown 
in Tab. 3. 

Combining Fig. 3, Tab. 3 and Tab. 4, we can know: In 
Lenses, there is a total of 4 features, CART-RF, SVM-RF, 
and BN-RF introduce the first three features to get the 
minimum OOB error rate 16.67%; K-Means-RF introduces 
the first four features to get the minimum OOB error rate 
of 25%; Integrate-RF introduces the first two features to 
get the minimum OOB error rate of 16.67%. 

In Iris, there is a total of four features, CART-RF, BN-
RF, K-Means-RF, Kohonen-RF. Integrate-RF introduces 

the first three features to get the minimum OOB error rate 
4.00%; CHIAD-RF and SVM-RF introduce the first four 
features to get the minimum OOB error rate 3.33%; NN-
RF introduce the first four features to get the minimum 
OOB error rate 5.33%. 

In BCWO, there is a total of nine features, CART-RF 
introduces the first seven features to get the smallest OOB 
error rate being 3.43%; CHIAD-RF introduces the first 
nine features to get the smallest OOB error rate to be 
3.58%; SVM-RF introduces the first eight features to get 
the smallest OOB error rate of 3.00%; BN-RF introduces 
the first nine features to get the smallest OOB error rate of 
3.43%; NN-RF introduces the first nine features to get the 
smallest OOB error rate being 2.86%; K-Means-RF 
introduces the first nine features to get the smallest OOB 
error rate of 3.29%; Kohonen-RF introduces the first seven 
features to get the smallest OOB error rate of 3.29%; 
Integrate-RF introduces the first seven features to get the 
smallest OOB error rate to be 3.00%. 

In BCWD, there is a total of thirty features, CART-RF 
introduces the first thirty features to get the smallest OOB 
error rate is 3.69%; CHIAD-RF introduces the first eight 
features to get the smallest OOB error rate is 3.16%; SVM-
RF introduces the first twenty-five features to get the 
smallest OOB error rate is 2.81%; BN-RF introduced the 
first fourteen features to get the smallest OOB error rate is 
2.99%; NN-RF introduced the first twenty-four features to 
get the smallest OOB error rate is 3.69%; K-Means-RF 
introduced the first thirty features to get the smallest OOB 
error rate is 2.99%; Kohonen-RF introduces the first 
twenty-nine features to get the minimum OOB error rate is 
3.34%; Integrate-RF introduce the first twenty features to 
get the minimum OOB error rate is 3.69%. 

In lung-cancer, there is a total of fifty-six features, 
CART-RF introduces the first three features to get the 
minimum OOB error rate of 31.25%; CHIAD-RF 
introduce the first two features to get the minimum OOB 
error rate being 28.12%; SVM-RF introduce the first 
twenty features to get the minimum OOB error rate of 
31.25%; NN-RF introduce the first six features to get the 
minimum OOB error rate is 34.38%; K-Means-RF 
introduce the first thirty-three features to get the minimum 
OOB error rate is 40.62%; Kohonen-RF introduce the first 
thirty features to get the minimum OOB error rate is 
37.50%; Integrate-RF introduce the first nine features to 
get the minimum OOB error rate is 28.12%. 

In SCADI, there is a total of 205 features, CART-RF 
introduces the first four features to get the smallest OOB 
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error rate is 12.86%; CHIAD-RF introduce the first four 
features to get the smallest OOB error rate is 14.29%; 
SVM-RF introduce the first a hundred and thirteen features 
to get the smallest OOB error rate is 14.29%; NN-RF 
introduce the first one hundred and twenty six features to 
get the smallest OOB error rate of 14.29%; K-Means-RF 
introduce the first forty-one features to get the smallest 
OOB error rate of 12.86%; Kohonen-RF introduce the first 
fifteen features to get the smallest OOB error rate of 
14.29%; Integrate-RF introduced the first 27 features to get 
the minimum OOB error rate is 14.29%. 

From the analysis of the above results, three points can 
be obtained. First, eight feature importance evaluation 
methods are feasible and effective, especially when there 
are more feature amounts in the data set, the effect is more 
obvious. Second, Integrate-RF performs better on all data 
sets, indicating that Integrate-RF is more adaptable. Third, 
the same features are ordered differently in the data table, 
and the results produced are also different, indicating that 
the random forests extraction features in the R software 
package are related to the ordering of features in the data 
table. 

 
                                      (a)                                                                                 (b)                                                                             (c) 

 
                                       (d)                                                                              (e)                                                                                 (f) 

Figure 3 The relationship between OOB estimate of error rate and the number of selected features using eight feature-importance-evaluation and random forests 
classification methods (Among them, BCWO represents the data set Breast Cancer Wisconsin (Original), BCWD represents the data set Breast Cancer Wisconsin 

(Diagnostic), and LC represents the data set lung-cancer.) 
 

Table 3 The value of OOB estimate of error rate of different features set sizes using eight feature-importance-evaluation and random forests (Min / %, AV + V / %) 

 
Lenses Iris BCWO BCWD lung-cancer SCADI 

Min AV  V Min AV  V Min AV  V Min AV  V Min AV  V Min AV  V 

CART-RF 16.67 27.08  1.68 4.00 5.17  0.02 3.43 4.59  0.02 3.69 5.12  0.03 31.25 49.95  0.64 12.86 16.09  0.05 

CHIAD-RF 16.67 26.04  1.89 3.33 4.33  0.01 3.58 4.83  0.01 3.16 4.52  0.03 28.12 47.99  0.68 14.29 17.75  0.12 

SVM-RF 16.67 27.08  1.68 3.33 4.33  0.01 3.00 4.62  0.04 2.81 4.33  0.02 31.25 45.98  0.43 14.29 19.35  0.41 

BN-RF 16.67 29.17  1.74 4.00 5.33  0.02 3.43 6.49  0.32 2.99 5.52  0.40     

NN-RF 16.67 26.04  1.89 5.33 16.50  4.99 2.86 4.59  0.02 3.69 6.71  0.08 34.38 49.44  0.47 14.29 23.17  1.44 

K-Means-RF 25.00 48.96  3.63 4.00 5.33  0.02 3.29 4.70  0.04 2.99 5.58  0.06 40.62 53.96  0.59 12.86 19.15  0.43 

Kohonen-RF 16.67 44.79  3.86 4.00 5.33  0.02 3.29 4.59  0.04 3.34 5.71  0.04 37.50 51.23  0.87 14.29 18.02  0.32 
Integrate-RF 16.67 26.04  1.89 4.00 5.17  0.02 3.00 4.67  0.04 3.69 6.47  0.33 28.12 46.26  0.99 14.29 17.66  0.24 

Note: lung-cancer and SCADI have many features, so BN-RF cannot get results. 

 
Table 4 Number of convergent features using eight feature-importance-evaluation and random forests classification methods 

 Lenses Iris BCWO BCWD lung-cancer SCADI 
CART-RF 3 4 7 30 3 4 
CHIAD-RF 4 4 9 8 2 4 

SVM-RF 3 4 8 25 20 113 
BN-RF 3 4 9 14   
NN-RF 4 4 9 24 6 126 

K-Means-RF 4 4 9 30 33 41 
Kohonen-RF 4 4 7 29 30 15 
Integrate-RF 2 4 7 20 9 27 

Note: lung-cancer and SCADI have many features, so BN-RF cannot get results. 
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5 CONCLUSION 
 

In order to overcome the dimensional disaster and 
over-fitting problems, and improve the efficiency of data 
analysis the paper proposes eight feature selection 
methods, they are CART-RF, CHAID-RF, SVM-RF, BN-
RF, NN-RF, K-Means-RF, Kohonen-RF and Integrate-RF. 
The first seven methods use CART, CHAID, SVM, BN, 
NN, K-Means or Kohonen to evaluate feature importance, 
and then use forward search strategy to generate and update 
feature subsets; finally, use random forests to evaluate 
feature subsets. The eighth feature selection method uses 
hybrid integration of difference models and random 
forests. Through 6 sets of UCI data experiments, the results 
show that the eight methods can effectively select features, 
reduce the data dimension. 
 
6 DECLARATION 
 

(1) We note that a shorter conference version of this 
paper appeared in 2021 International Conference on 
Computer Engineering and Artificial Intelligence 
(ICCEAI) 27. - 29. August 2021, Shanghai, China. This 
manuscript supplements and expands the following 
contents in more detail: seven basic feature selection 
methods structure, feature importance ranking, the 
relationship between OOBEER estimate of error rate and 
the number of trees, the value of OOB estimate of error rate 
of different features set sizes using eight feature-
importance-evaluation and random forests classification 
methods, and etc. 

(2) The authors declare that they have no known 
competing financial interests or personal relationships that 
could have appeared to influence the work reported in this 
paper. 

(3) Data are from UCI database  
(http://archive.ics.uci.edu/ml/datasets.html). 
(4) This work uses the software of IBM SPSS modeler 

14.1 to get the feature importance ranking, and then uses 
the R programming to perform feature subset generation, 
evaluation, and selection. 
 
7 ACKNOWLEDGMENT 
 

This work thanks Bin Nie, Yuwen Du, Huan Li, 
Jianqiang Du, Yufeng Chen. 
 
8 REFERENCES 
 
[1] Wang, C. Z., Hu, Q. H., Wang, X. Z., Chen, D. G., Qian, Y. 

H., & Dong, Z. (2018). Feature selection based on neighbour 
hood discrimination Index. IEEE Transactions on Neural 
Networks and Learning Systems, 29(7), 2986-2999. 
https://doi.org/10.1109/TNNLS.2017.2710422 

[2] Yang, Y. Y., Chen, D. G., & Wang, H. (2017). Active sample 
selection based Incremental Algorithm for Attribute 
Reduction with Rough Sets. IEEE Transactions on Fuzzy 
Systems, 25(4), 825-838. 
https://doi.org/10.1109/TFUZZ.2016.2581186 

[3] Ma, W. P., Zhou, X. B., Zhu, H., Li, L. W., & Jiao, L. C. 
(2021). A two-stage hybrid ant colony optimization for high-
dimensional feature selection. Pattern Recognition, 116(1). 
https://doi.org/10.1016/j.patcog.2021.107933 

[4] Jain, D. & Singh, V. (2018). Feature selection and 
classification systems for chronic disease prediction: A 
review. Egyptian Informatics Journal, 19(3), 179-189. 
https://doi.org/10.1016/j.eij.2018.03.002 

[5] Wang, X. H., He, Y. D., & Wang, L. Z. (2018). Study on 
mutual information and fractal Dimension-Based 
unsupervised feature parameters selection: application in 
UAVs. Entropy, 20(9), 674. https://doi.org/10.3390/e20090674 

[6] Bhadra, T. & Bandyopadhyay, S. (2021). Supervised feature 
selection using integration of densest subgraph finding with 
floating forward-backward search. Information Sciences, 
566(1-18). https://doi.org/10.1016/j.ins.2021.02.034 

[7] Gan, J. Z., Wen, G. Q., Yu, H., Zheng, W., & Lei, C. (2020). 
Supervised feature selection by self-paced learning 
regression. Pattern Recognition Letters, 132(30-37). 
https://doi.org/10.1016/j.patrec.2018.08.029 

[8] Kundu, P. P. & Mitra, S. (2017). Feature selection through 
message passing. IEEE Transactions on Cybernetics, 47(12), 
4356-4366. https://doi.org/10.1109/TCYB.2016.2609408 

[9] Pino Angulo, A. & Shin, K. (2017). Improving Classification 
Accuracy by Means of the Sliding Window Method in 
Consistency-Based Feature Selection. Lecture Notes in 
Computer Science. 
https://doi.org/10.1007/978-3-319-67786-6_12 

[10] Yang, R. T., Zhang, C. J., Gao, R., & Zhang, L. N. (2016). 
A novel feature extraction method with Feature Selection to 
identify Golgi-Resident Protein Types from Imbalanced 
Data. International Journal of Molecular Sciences, 17 (2). 
https://doi.org/10.3390/ijms17020218 

[11] Sluga, D. & Lotric, U. (2017). Quadratic Mutual information 
feature selection. Entropy, 19(4), 157-173. 
https://doi.org/10.3390/e19040157 

[12] Abad, J. M. N. & Soleimani, A. (2018). Novel feature 
selection algorithm for thermal prediction model. IEEE 
Transactions on Very Large Scale Integration (VLSI) 
Systems, 26(10), 1831-1844. 
https://doi.org/10.1109/TVLSI.2018.2841318 

[13] Bradley, P. E., Keller, S., & Weinmann, M. (2018). 
Unsupervised feature selection based on ultrametricity and 
sparse training data: A Case Study for the Classification of 
High-Dimensional Hyperspectral Data. Remote Sensing, 
10(10), 1564. https://doi.org/10.3390/rs10101564 

[14] Lu, M. (2019). Embedded feature selection accounting for 
unknown data heterogeneity. Expert Systems with 
Applications, 119, 350-361. 
https://doi.org/10.1016/j.eswa.2018.11.006 

[15] Zhao, J., Chen, L., Pedrycz, W., & Wang, W. (2019). 
Variational Inference-Based Automatic Relevance 
Determination Kernel for Embedded Feature Selection of 
Noisy Industrial Data. IEEE Transactions on Industrial 
Electronics, 66(1), 416-428. 
https://doi.org/10.1109/TIE.2018.2815997 

[16] Zheng, Y. F., Li, Y., Wang, G., Chen, Y. P., Xu, Q., Fan, J. 
H., & Cui, X. T. (2018). A novel hybrid algorithm for feature 
selection. Personal and Ubiquitous Computing, 22(5-6), 
971-985. https://doi.org/10.1007/s00779-018-1156-z 

[17] Grajski, K. A., Breiman, L., Di Prisco, G. V., & Freeman, W. 
J. (1987). Classification of EEG Spatial Patterns with a Tree-
Structured Methodology: CART. IEEE transactions on bio-
medical engineering, 33(12), 1076-1086.  
https://doi.org/10.1109/TBME.1986.325684 

[18] van Diepen, M. & Franses, P. H. (2006). Evaluating chi-
squared automatic interaction detection. Information 
Systems, 31(8), 814-831. 
https://doi.org/10.1016/j.is.2005.03.002 

[19] Guenther, N. & Schonlau, M. (2016). Support vector 
machines. Stata Journal, 16(4), 917-937. 
https://doi.org/10.1177/1536867X1601600407 

[20] Darwiche, A. (2010). Bayesian Networks. Communications 
of the ACM, 53(12), 80-90. 



Zhuo WANG: Research on Feature Selection Methods based on Random Forest 

Tehnički vjesnik 30, 2(2023), 623-633                                                                                                                                                                                                             633 

https://doi.org/10.1145/1859204.1859227 
[21] Presnell, S. R. & Cohen, F. E. (1993). Artificial neural 

networks for pattern recognition in biochemical sequences. 
Annual review of biophysics and biomolecular structure, 
22(283-298). 
https://doi.org/10.1146/annurev.bb.22.060193.001435 

[22] Likas, A., Vlassis, N., & Verbeek, J. J. (2003). The global k-
means clustering algorithm. Pattern Recognition, 36(2), 451-
461. https://doi.org/10.1016/S0031-3203(02)00060-2 

[23] Pan, Y., Zhang, L. M., Li, Z. W. (2020). Mining event logs 
for knowledge discovery based on adaptive efficient fuzzy 
Kohonen clustering network. Knowledge-Based Systems, 
209. https://doi.org/10.1016/j.knosys.2020.106482 

[24] Wang, Z., Nie, B., Du, Y. W., Li, H., Du, J. Q., & Chen, Y. 
F. (2021). Feature selection using different evaluate strategy 
and random forests. 2021 International Conference on 
Computer Engineering and Artificial Intelligence (ICCEAI). 
27-29 Shanghai, China. 
https://doi.org/10.1109/ICCEAI52939.2021.00062 

 
 
Contact information: 
 
Zhuo WANG, Master, Lecture 
(Corresponding author) 
School of Software, 
Nanchang University, 
Nanchang, Jiangxi, China 
E-mail: 52373793@qq.com 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


