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Feature Selection Method based on Fisher’s
Exact Test for Agricultural Data
S. Rajeswari, K. Suthendran

Abstract: This paper is aimed to analyze the feature selection
process based on different statistical methods viz., Correlation,
Gain Ratio, Information gain, OneR, Chi-square MapReduce
model, Fisher’s exact test for agricultural data. During the
recent past, Fishers exact test was commonly used for feature
selection process. However, it supports only for small data set.
To handle large data set, the Chi square, one of the most popular
statistical methods is used. But, it also finds irrelevant data and
thus resultant accuracy is not as expected. As a novelty, Fisher’s
exact test is combined with Map Reduce model to handle large
data set. In addition, the simulation outcome proves that
proposed fisher’s exact test finds the significant attributes with
more accurate and reduced time complexity when compared to
other existing methods.

of the dataset.
Methods for selecting features or attributes are useful for
reducing the dimensionality of the data (called subset) by
ignoring the unnecessary and not related attributes in a data
set. It is categorized as filter and wrapper technique. Purely
the first technique relay on the general details of the data
while the wrapper technique works on the basis of the rank or
weight of the features. After subset generation, for each
feature, the weight or rank is calculated based on wrapper
methods viz., Correlation, Gain Ratio, Information gain,
OneR, Chi-square MapReduce model, Fisher’s exact test [1].

Keywords : Fisher’s exact test, feature selection, MapReduce,
chi-square test, statistical test.
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Data

from real-world applications can be of high
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dimensional. Classification techniques are used to assign
subjects to a specific class of a target variable. In
classification problems, predictive models are developed to
predict the target variable based on several input variables
(features). Features, which are also referred to as attributes,
are independent variables. This is particularly true for the
applications in all fields of text categorization, bio-molecular
analysis, scene classification, remote sensing, and medical
diagnosis. With the rapid development of modern
technology, tremendous new computer and internet
applications have generated large amounts of data at an
unprecedented speed, such as video, photo, text, voice, and
data obtained from social relations and the rise of the Internet
of things and cloud computing.
These data often have the characteristics of high
dimensions, which poses a high challenge for data analysis
and decision-making. Feature selection has been proven in
both theory and practice effective in processing
high-dimensional data and in enhancing learning efficiency.
Feature selection is referred to the process of obtaining a
subset from an original feature set according to certain
feature selection criterion, which selects the relevant features
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Fig. 1. Steps of Feature Selection Process.
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Wrapper technique utilizes the learning algorithm to
determine all subsets of identified attributes, because it
always simpler than the first method, although it is
expensive. Implementation of the filter method is incredibly
easier, Hence, this is an excellent fit for a Big database;
however, these techniques ignore the correlation between
performance-affecting attributes. The attribute selection
process has several advantages, such as data characteristics
being understandable, reduced processing time and minimal
space for the mining process, thus improving the efficiency
of the algorithms [2].
Figure 1 shows the selection process of the attributes is:
 Subset Generation: Subsets of attributes are generated
for evaluation on the basis of a specific search policy
(It can be a null subset or Full subset or with a
arbitrary subset of features)
 Valuation: Some generation criterion measures the
quality of the generated subset using valuation
function. The newly produced subset is evaluated and
replaced with the previous best, if it is found to be
better
 Stopping Criterion: The process of feature selection
may continue to generate feature subsets therefore, an
exit measures is essential for this selection process.
For illustration, stopping the process at
pre-determined number of attributes or else iterations
or while adding or else deleting a feature reduces
performance otherwise when obtaining an optimal
subset of features
 Result Validation: Finally, the subsets are verified and
validated based on datasets. In addition, the resulting
subset is compared with previously identified
artificial datasets, real-world datasets, or combination
of both [3]
A complex classification problem involves a large
number of features. The classifier will take a longer time to
classify the observations when the number of features is very
large. Several feature selection methods have been developed
to solve classification problems. It plays a role in
compressing the data processing scale, where the redundant
and irrelevant features are removed.
Feature selection technique can pre-process learning
algorithms, and good feature selection results can improve
learning accuracy, reduce learning time, and simplify
learning results. Main aim is used to propose a suitable
feature selection methodology for handling large datasets
with high accuracy and experimentally verify the impact of
different entropy-based and statistical classifiers [4].
Compare the many statistical feature selection methods to
discover the finest one for selecting relevant attributes in the
agricultural data. In that, the proposed method fisher’s exact
test with MapReduce method gives the significant attributes
also compute with less time compare than the other existing
attribute selection methods.
The manuscript is prepared as follows. The section II deals
with reviews of previous work about feature selection
methods. Section III contains specific problems related to
various ranking features and techniques for selecting
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features. Section IV shows the outcome of the proposed
method. Final section V contains result analysis of this study,
some closing statements, and issues that remain to be tackled
and will be investigated in upcoming studies.
II. RELATED WORK
Variable selection (or) process of feature selection for
linear relationships is more or less resolved. Unfortunately,
there is often no distinction between the design for variable
selection and the other selection norms. The same algorithm
may results in different variable selection using dissimilar
criteria and vice versa [5]. Many authors have recommended
techniques to pick the required features from dataset and
discussed about the algorithms for the attributes selection.
Some of the research works are as follows:
El-hasnony et al. [6] analyzed five data downsizing
techniques such as gain ratio, analysis of main workings,
selection of relationship between the features, selection of
draft set attributes, and selection of fuzzy draft features.
Based on the classification accuracy, the analysis was
performed and the outcome demonstrated that UCI machine
learning repository's fuzzy rough feature selection exceeded
other techniques used for two medical data sets, i.e. breast
cancer and thoracic surgery.
Villacampa [7] considered popular feature selection
methods and evaluated the performance. The classifiers
based on Decision Tree, k-Nearest Neighbor and Support
Vector Machines are used for classification. The results
showed that all other methods for selecting features were
outperformed by the Relief-F method.
Porkodi [8] analyzed five techniques of selection of
features to reduce the subset's dimensionality. The outcome
witnesses that the Random Forest algorithm performs better
than other presented algorithms. Georg Rub and Rudolf
Kruse proposed a novel application for the same process
using forward feature selection methods for agriculture
dataset. Further, this finds real time application using AI
techniques [9].
Surabhi Chouhan et al. proposed a new methodology for
feature selection process based on PSO-SVM .The Decision
tree algorithm is deployed for classification. Mushroom and
Soyabean benchmark datasets are considered. The outcome
reveals that the proposed hybrid methodology performs
better than other presented methodologies [10].
Parimala and Nallaswamy have investigated the Feature
Selection methods using spam E-mail data set. Based on the
investigation, they projected “Fselector” an innovative
Feature Selection technique which supports high
dimensional data. Using five Feature Selection methods viz.,
CFS, LDA, RF, Rpart and NB the performance was evaluated
and presented. [11].
Pinar Yildirim [12] study found that feature selection
methods can improve learning algorithms performance. The
experiments are performed on four classification algorithms
using renowned hepatitis data
set and the presented algorithm
is evaluated.
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In that, the results classifiers of Naïve Bayes and Decision
tree have produced better accuracy than the other existing
methods. Rajeswari et al. proposed a chi-square MapReduce
model for selecting the relevant features from agricultural
dataset. This model handles large amount of agricultural
data. The authors considered four feature picking methods;
and the investigation was performed to identify the best
method for agricultural dataset. The proposed model resulted
in high accuracy and less processing time than the existing
feature selection methods [13].
The above literature confirms that the majority of
researchers have proposed feature selection algorithms using
small dataset. They didn’t handle the large amount of dataset
or real time dataset. Data mining methods are not enough to
examine these high size dataset. Therefore, there is a demand
for big data analytics concept to handle the same. However,
still there is a scope for improving the accuracy with reduced
processing time. A novel feature ranking model was
proposed in this work to achieve the same.

required for the evaluation of features. The ultimate reason of
this work is to dispose of unwanted or Information gain
feature selection, the entropy value has also been calculated
for whole data [17]. It is an algorithm for selection of features
supervised, univariate, simple, powerful, symmetrical and
entropy-based. The information gain for a feature X and class
label Y as follows.
 Informationgain( X , Y )  H ( X )  H ( X | Y ) 

Where H(X), H (X|Y) is calculated on X and Y for entropy
values. X entropy can be computed as
 H ( X )   P( xi ) log 2 ( P( xi )) 
i

X|Y entropy calculation is shown below

H ( X | Y )   P( y j ) P( xi | y j ) log 2 ( P( xi | y j )) 
j

III. FEATURE SELECTION AND RANKING
ALGORITHM
The machine learning literature has proposed numerous
feature rankings and feature selection techniques. These
feature techniques are intended to remove inappropriate or
unnecessary characteristics from a vector of a given feature.
To downsize the dataset, sub-set generation and sub-set
evaluation is used. Using the filter method, each subset is
evaluated [14].
In this paper, the various feature selection algorithms as
mentioned in the above were considered to evaluate the
practical effectiveness of the following ranking, commonly
used methods, statistical and entropy-based, with good
performance in different fields:
A. Correlation based Attribute Selection
This algorithm calculates the relationship between all
characteristics and the output class and uses
correlation-based heuristic evaluation function to select the
suitable feature subset [15]. It measures the relationship
between nominal or categorical characteristics, so the
discrete values are used in numerical characteristics.
Selection of the correlation feature is provided by equation 1.
 rzc 

K rzi



K  K ( K  1)rii


Where rzc denotes the relationship between features and
class variable, K represents the number of features, rzi
indicates the mean value of correlated feature-classes and rii
represents the mean value of inter-correlated features [16].
B. Information gain Ratio
Information gain measures the amount of data obtained
by the availability of the term in a text for class prediction. It
picks the required attributes with respect to the information
value obtained by generating a subgroup on the class
attribute. Indexes of information conjecture are often
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This method calculates the ratio separately on behalf of each
and every attribute and selects 'm' as the most relevant
features among 'n' features with high information gain, i.e. it
considers a feature F with high information gain as the most
relevant. This algorithm's main drawback is that it selects the
feature that can or may not be more informative with high
information gain. The Information Gain cannot handle
redundant features as the features are selected in a univariate
manner [18]. 
C. Gain Ratio based Attribute Selection
Gain Ratio is the modified version of the information gain. It
considers daughter nodes wherein an attribute splits the
dataset with respect to the class. This limits the fondness of
having four attributes and huge possible values in the
information gain method [19]. Equation 5 gives gain ratio.
 GainRatio

InformationGain

H (X )


When predicting the variable Y, we normalize the gain of
information by dividing it by X entropy, and vice versa. Gain
ratio values are ranges between 0 and 1, due to this
normalization. Gain Ratio = 1 point out that X knowledge
predicts Y utterly, and there is no relationship between Y and
X when it is = 0. It favors variables with least values as
opposed to Information Gain.
D. OneR based Attribute Selection
OneR is a simple Holte-designed algorithm [20]. From the
generated rules it selects the rule having least error for
training. It divides the dissimilar values into many.
Considers "missing" as a suitable value, and manages the
missing values.
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In addition, it creates rules for all features and selects a
baseline performance as a benchmark for different training
methods. This algorithm uses OneR classifier to determine
the weights of the attributes. It generates a rule using the
same attribute for each attribute and also measures its error
rate afterwards [21].
E. Chi-square MapReduce Model
Chi-Square feature selections have two parameters viz.,
observed and expected frequency. It is calculated by
MapReduce techniques [22]. The weights of the attributes
can also be discovered. The corresponding attributes are the
highest weight attributes. This method analyzes the class
label. This is used for selecting the variable of the predictor.
This attribute value with ' r ' and ' c ' class number is defined
as
 x 
2

r

c


i 1 j 1

(Oij  Eij ) 2



Eij

Where Oij is the number of ‘i’ value occurrences in class
‘j’. Eij is the number of events predictable with the value ‘i’
and the class ‘j’ [32].
From the above five feature selection methods advantages
and disadvantages are as follows:
 Attributes with many distinct values, the information
gain fails to accurately discriminate among the
attributes
 It does not work good for attributes with large number
of distinct values
 Information gain gives the result as 0 and 1 only
 Chi-square test is applied in a four fold table will not
give a reliable result with one degree of freedom if
the expected value in any cell is less than 5
 It does not measure the strength of association
 The statistical finding of relationship, does not
indicate the cause and effect
The above disadvantages are overcomed by the fisher’s
exact test feature selection method.

 F ( X i ) 

K
k 1

i
k

K

K
k 1

k

i 2

i
k

2



Where Nk is the number of Class Ck patterns. Since this
score is independently calculated, a suboptimal set may be
represented by the selected features. [24].
The above attribute selection methods are compared with
higher accuracy to find the best suitable method.

IV. EXPERIMENTAL RESULTS
Selection of attributes is one among the pre-processing
methods that ignores the irrelevant and redundant attributes
and thus results high accuracy [25]. It does not imply the
reduction of cardinality, but also the variety of attributes
based on the presence or lack of interaction between the
attributes and the algorithm for classification. This process is
mandatory because the learning task is challenged by the
high dimensionality and vast amount of data.
The irrelevant features selection processes during the
learning algorithm have become computationally complex,
over-fit, less understandable, and less accurate learning.
Filter, wrapper, embedded and hybrid methods are
categorized as attribute selection methods. This categorizes
filter methods as univariate and multivariate. Univariate
filter strategies ignore feature dependencies which,
compared to alternative feature selection techniques, may
result in the choice of unnecessary options and worst
classification performance.
Figure 2 shows the proposed method workflow. To remove
the unwanted information in the dataset, it has the data
pre-processing steps and then selects the relevant prediction
features using the attribute selection methods. Discover the
finest method of selecting attributes and compare it to other
four methods of selecting features.

F. Fisheer’s Exact Test
Using the well-known Fisher ratio concept, the Fisher
score is used to select required features and a heuristic policy
is deployed to determine a score for features [23]. The
advantages are
 To identify the relevant features for any specific
problem
 Reduces the size of the problem and computer storage
 Reduce the computation time also to improve the
quality of prediction
 To improve the classifier by removing the irrelevant
features and noise
Let the average and standard deviation of the k -th class
and i-th function (and μi, σi the mean and standard deviation
of the entire dataset for the i-th function) be μik and σi k. The
i-th feature Fisher score (xi) can be calculated as
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A. Used Environment and RPackages
R is a software package and is often suitable for numerical
data processing. The large amount of data is not handled by
it. To integrate the R and Hadoop environment, the Rhadoop,
RmR, Rhdfs packages are used. It easily processes the high
volume of data. Using Rhadoop packages, the proposed
approach coding was done [26].
The working environment is R in conjunction with the
package kernlab [27]. It is a kernel-based learning package
that offers multiple methods. The program is written in the
language of R programming. Intel Core 2 Duo E7500 @
2.93GHz with 2 GB of RAM, configuration PC was used for
experiment.

Where, TP denotes True Positive for identified the total
number of correctly positive classify occurrences, TN
represents True Negative for recognized the total number of
correctly negative classify occurrences, FP denotes False
Positive for identified total number of incorrectly positive
classify occurrences, and FN represents False Negative for
identified total number of incorrectly negative classify
occurrences. The performance of the algorithm is calculated
using the above formula 8.
Comparision of feature selection methods
0.6

C. Performance Measures
The accuracy calculation is a very essential component for
any classification algorithm. It will testify the past active
classification algorithms as “Right” or else “Wrong” [30].
The proposed method accuracy of is compared by the other
existing methods. The accuracy was considered by the whole
amount of all accurate predictions divided by the whole
amount of the data [31]. In that whole data set, 25% of data is
allotted for training phase and the remaining allotted for
testing phase. The accuracy is measured by,
TP  TN
 

TP

TN

FP

FN



 Accuracy  

Attribute Weight

B. Dataset with Data Pre-processing
The Dataset was collected from the Virudhunagar district
Soil and water laboratory test center, Virudhunagar district,
Tamilnadu for the 2015-2018 year data. The dataset is
having soil information for 11 blocks. This dataset contains
15 attributes with 25000 total instances from the soil sample
testing report. The same soil sample test results attributes are
used in previous work [32].
During the pre-processing, the unwanted information in
the soil data set is spotted and removed [29]. Before
removing omitted values, the unprocessed dataset have the
25000 instances. In that, incompatible data, fault data, and
absent values be ignored. Later than the pre-processing
process the soil test report contains the 15 features with
24980 total instances for Virudhunagar district 11 Blocks.
So, that the pre-processed dataset features are taken into the
feature selection process.
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Fig. 3. Comparision of Feature selection result
Figure 3 shows the weights for the feature selection
methods and is compared. In that, Fisher’s exact test gives
the relevant attributes compare with the other feature
selection methods are Correlation, Information gain, Gain
Ratio, OneR, and Chi-square MapReduce Model. The
highest weight attributes are considered as relevant attributes
are pH value, Phosphorus (P), Potassium (K), Nitrogen (N),
Iron (Fe), Sulphur, Boron (B), and Organic Carbon (OC) is
taken into the further classification algorithms.

Table- I: Features Weight Results
Features
pH
EC
OC
N
K
P
S
Zn
Fe
Cu
Mn
B
Ca

One
R
0.1
0.12
0.1
0.1
0.14
0.01
0.23
0.1
0.11
0.15
0.5
0.2
0.3

Correlation

Gain Ratio

0.2
0.11
0.1
0.12
0.24
0.1
0.23
0.1
0.12
0.17
0.5
0.5
0.2

0.3
0.12
0.11
0.15
0.34
0.2
0.23
0.1
0.15
0.18
0.4
0.1
0.13
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Information
Gain
0
1
0
0
1
1
1
1
0
1
0
0
0
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ChiSquare MapReduce
0.54
0.13
0.12
0.13
0.5
0.3
0.2
0.14
0.2
0.13
0.4
0.3
0.34
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Fisher’s Exact
test
0.6
0.16
0.14
0.25
0.59
0.4
0.24
0.16
0.22
0.21
0.1
0.19
0.12
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Table 1, shows the attribute weights for each feature selection
methods. From the attributes weights, based on the threshold
value find the highest weights features for fertility level
prediction. Each and every method predicts the relevant
attributes and irrelevant attributes. These pH, P, K, N, Fe,
OC, B, S features are important the fertility level prediction.
Soil pH is a measure of the acidity and alkalinity in soils. pH
levels range from 0 to 14, with 7 being neutral, below 7 acidic
and above 7 alkaline. Based on that, correctly and incorrectly
features are identified.

V. CONCLUSION AND FUTURE WORK

Accuracy
(%)

Time
(in secs)

80%

8.5

6

85%

6.25

5
4

90 %
91 %

5.0
4.75

Feature selection plays an essential role in data mining
pre-processing step and also several data mining machine
learning methods are finding difficult to handle large
amounts of irrelevant features. Therefore, there is a demand
for suitable feature selection approach. In this paper, as a
novelty, Fisher’s exact test is combined with Map Reduce
model to handle large datasets with accuracy. The
experimental result shows that Fisher’s exact test gives 98%
higher accuracy and also 0.5 sec lesser time than the existing
feature selection methods. The selected attributes pH value,
Phosphorus, Potassium, Nitrogen, Iron, Sulphur, Boron, and
Organic Carbon are considered. Our future work involves an
investigation on various types of datasets with the both
continuous, discrete values attributes.
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Table –II: Comparision Results of Feature Selection
Methods
Feature
Selection
Methods
Correlation
Information
gain
Gain Ratio
OneR
Chi-square
MapReduce
Model
Fisher’s exact
test

relevant features from large data set for predict the farmland
soil fertility level.

Correctly
identified
Features
5

Incorrectly
identified
Features
7

6
7
8

Table 2, shows the experimental outcome of six feature
selection methods. In that, Fisher’s exact test provides high
accuracy (98%) and also less time (0.5 sec) taken to find the
relevant features was compared with the other existing
feature selection methods.
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