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Abstract

Aim: The purpose of this study is an enhancement in the effects of financial development on foreign direct
investments by using Apriori algorithm in comparison with Genetic algorithm (GA). Materials & Methods:
The dataset in this paper utilizes the publicly available dataset from National Financial Development to prove
the effectiveness of the approach. The study's sample size was 280 (Groups 1 and 2 each had 140 participants),
and the calculation was done using G-power 0.8 with alpha and beta values of 0.05 and 0.2, respectively, with a
confidence interval of 95%.The enhancement in effects of financial development on foreign direct investments
is performed by the Apriori algorithm whereas number of samples (N=10) and Genetic algorithm (GA) where
number of samples (N=10).

Results: The accuracy rate of the Apriori algorithm classifier is 95.68 percent greater than the accuracy rate of
the Genetic algorithm (GA), which is 93.263 percent. The results, which have a significance level of p=0.0341
(p<0.05), indicate that there is statistical significance for two groups.

Conclusion: The Apriori algorithm provides better results in terms of accuracy compared to the Genetic
Algorithm (GA) for enhancing the impact of financial development on foreign direct investment.

Keywords: Financial Development, Novel Apriori algorithm, Genetic algorithm (GA), Accuracy rate, foreign
direct investments, data mining technique
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1. Introduction

Over the past two decades, foreign direct
investment (FDI) has become increasingly
important in developing countries, and an
increasing number of developing countries have
managed to attract significant and increasing
amounts of inward FDI (Haudi, Wijoyo, and
Cahyono 2020) . Economic theory has identified a
number of channels through which FDI inflows can
benefit the host economy. The conventional
method lagged behind and had more trouble
showing these benefits in practice (Azhar and Kn
2012). Most notably, a large number of applied
papers have examined the relationship between
FDI and GDP growth, but their results have been
far from conclusive (Alfaro 2003). Despite the
absence of any firm conclusions, and surprisingly,
most countries continue to vigorously pursue
policies aimed at encouraging greater FDI inflows
(Alfaro et al. 2004). This paper examines the
impact of foreign direct investment (FDI) on
economic growth using a new Apriori-based data
mining algorithm for FDI inflows into India.
Experimental results show that the application of
the Apriori algorithm is more promising in
financial development on changes in FDI than the
genetic algorithm (GA) (Korgaonkar 2012). IEEE
Explore published 65 scientific articles and Google
Scholar found 86 articles. A paper by Omar M. Al-
Nasser and Xavier Garza Gomez (Al Nasser and
Gomez 2009) examines the direct relationship
between FDI and the development of the stock
market and banking system using pooled data from
15 Latin American countries from 1978 to 2003.
Rajdev Tiwari and Manu Pratap Singh (Tiwari and
Singh  2010) formulated and validated a
correlation-based genetic algorithm (GA) method
for optimal attribute subset selection, where GA is
used as an optimal search tool for attribute subset
selection.Demirhan & Masca (Demirhan, Masca,
and Others 2008) found that market size,
infrastructure and openness to trade are positive
significant while inflation and tax rate are negative
significant determinants of FDI in developing
countries. Furthermore, Mottaleb & Kalirajan
(Mottaleb and Kalirajan 2010) found that Asian
developing countries are favored by foreign
investors and the lower-middle income countries
across the continents are the top FDI recipient
countries. Lipsey (Lipsey 2001) analyzed the FDI
inflows among the developed countries and
suggested different FDI determinants in developed
countries compared to developing countries Our
team has extensive knowledge and research
experience that has translated into high quality
publications(K. Mohan et al. 2022; Vivek et al.
2022; Sathish et al. 2022; Kotteeswaran et al. 2022;
Yaashikaa, Keerthana Devi, and Senthil Kumar
2022; Yaashikaa, Senthil Kumar, and Karishma
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2022; Saravanan et al. 2022; Jayabal et al. 2022;
Krishnan et al. 2022; Jayakodi et al. 2022; H.
Mohan et al. 2022).

Zhang, Li, Li, and Zhou (Zhang et al. 2010) noted
that F.D.I. from foreign companies can contribute
to technological modernization and management
efficiency of domestic companies. Shiralasheti and
Hugar (Siralasheti 2009) also noted that F.D.l. can
motivate G.D.P. growth rates, growth in industry
and services, reduction in unemployment, reduction
in poverty, increase in standard of living, increase
in foreign exchange reserves, increase in exports
and improvement in the stock market. Kim et al.
(M.-J. Kim, Min, and Han 2006) also predicted a
stock index using a multi-classifier combination
method based on GA to include classifiers derived
from machine learning, experts, and users. Rui
Chang (Chang and Liu 2011) presented a new
optimization algorithm called apriori-improve
based on insufficient apriori. (Parakh et al. 2020;
Pham et al. 2021; Perumal, Antony and
Muthuramalingam 2021; Sathiyamoorthi et al.
2021; Devarajan et al. 2021; Dhanraj and
Rajeshkumar 2021; Uganya, Radhika and Vijayaraj
2021; Tesfaye et al. 2021). ; Nandini, Ejilarasan,
and Rajeshkumar 2020; Kamat et al. 2020).

The main drawback of the existing genetic
algorithm (GA) method is that the imbalance in
data processing and the lack of necessary extracted
features from FDI data sometimes cannot provide
the expected accuracy of the classification result.To
overcome this disadvantage, this study proposes a
novel technique for the financial development of
FDI using the Apriori data mining algorithm in
comparison with Genetic algorithm (GA). To
evaluate the performance of statistical models, the
prediction error for each model will be compared
and evaluated based on the accuracy and Mean
Square Error (MSE).

2. Materials and Methods

This work was carried out in the DBMS laboratory
of the Department of Computer Science, Saveetha
School of Engineering. In this article, the dataset
contains time series with annual measures of FDI
as a percentage of GDP for 40 countries over the
period 2005-2020. Of the 40 sample countries, 20
are developed countries and 20 are developing
countries. The database is divided into 75%
training and 25% testing. Group 1 is a Genetic
Algorithm (GA) and Group 2 is a new Apriori
algorithm. Calculation is performed using G-power
0.8 with alpha and beta quality of 0.05, 0.2 with
95% confidence interval (Azhar and Kn 2012).
These data sets required a monitor with a resolution
of 1024x768 pixels (7th generation processor, i5). ,
4 8 GB RAM, 500 GB hard disk) and Python
software with required library and tool functions
Test setup for the proposed system to be
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implemented using IBM SPSS V26.0 tool used for
statistical analysis.

Genetic Algorithm (GA)

A genetic algorithm (GA) is a search algorithm
based on the mechanics of natural selection and
genetics, and they combine survival of the fittest
among string structures to form a search algorithm
(Kelly and Davis 1991). GA is particularly suitable
for multiparameter optimization problems with an
objective function subject to many hard and soft
constraints. The basic idea of a GA is to start with a
set of solutions to a problem and try to generate
new generations of solutions that are better than the
previous ones. GA works through a simple cycle
consisting of the following four steps: initialization,
selection, crossover, and mutation. The main
feature of GA is the population of “chromosomes".
Each chromosome acts as a potential solution to a
target problem and is usually expressed as binary
strings.

Pseudocode:

start

Generate the initial population randomly

Compute the fitness score

For each epoch do

Select 2k parents in the population

Generate k offspring by crossover operation

Select m highest score solutions as new population
Mutate n offspring in the new population

Compute fitness score

End for

Apriori Algorithm

Association rule learning is a popular and well-
researched technique in data mining for identifying
intriguing relationships between variables in
sizable databases. The algorithm's name derives
from the fact that it makes use of knowledge of
common item set features (Han et al. 2004). The
association analysis is carried out independently for
each of the four class features. As part of the
Attribute Analysis, we previously chose the
attributes that are pertinent to the class attributes,
thus this step is first. The Apriori Algorithm
produced the following results. FDI influx
expressed as a proportion of GFCF. The findings
demonstrate that purchasing power is highly
correlated with foreign direct investment when
expressed as a proportion of gross fixed capital
formation.

Class Attribute: FDI outflow as percentage of
GFCF

The findings demonstrate a tight relationship
between private credits and GDP per capita current
prices and the outflow of foreign direct investment
when expressed as a proportion of gross fixed
capital formation.

Class Attribute: FDI stock inflow GDP per capita
The results show that the per capita inflow of
stocks is closely associated with GDP deflator and
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it is associated with other attributes strongly when
they are taken in combination.

Class Attribute: FDI stock outflow GDP per capita
The findings indicate that private credits and the
ratio of deposited assets in banks to GDP are
closely related to the per capita inflow of stocks.
The range of the financial development variables
that the FDI variables are related with makes it
possible to anticipate the range in which the FDI
can lie using the association rules.

Pseudocode:

Stepl: Partition the cluster into groups let this term
be n and k be the colors so the loop will be set for k
times.

Now, select clusters one at a time.

Step2: Generate items, their items’ support,
transaction ids.

Step3: F1 = find_frequent_1_itemsets (T);

Stepd: For (k= 2; Fk-1 # ¢; k++) {

Step5: Generate the Ck from the Fk-1

Step6: Ck = candidates generated from Fk-1;

Step7: get the item Iw with minimum support in Ck
using F1, (1 £w <k).

Step8: x = Get _item_ min_ sup (Ck, F1);

Step9: Get the target transaction IDs that contain
item X.

Stepl10: Target = get_ Transaction_ 1D(x);

Stepl1: For each transaction t in Target Do

Stepl12: Increment the count of all items in Ck that
are found in Target;

Stepl3: Fk

Accuracy is the proportion of correctly classified
cases overall cases. True - Positive is where the
model could recognize all valid data correctly as a
true class. False Positive is where false data is
recognized as a true class by the model. A false
negative is where the model could not recognize all
valid data in true class. True Negative is where the
model could be recognized as a false class from
false cases.

| TP + TN .
CCWracy = Tp Y FP+TN + FN 1)
1 N
MSE = |= Z (ai — pi)? )
i=1
N
1 , ,
MAE = I Z |ai — pi| 3
i=1

Here, N represents the total number of records
predicted, ai represents the actual value of a record
and pi represents the predicting value of a record
and Nc denotes the number of records that are
correctly classified.

Statistical Analysis

Google Colab is utilised to produce the result. It
was necessary to use Python software from Milano
2013 with the necessary library functions and tool

4498



An Enhancement in Effects of Financial Development on Foreign Direct

Investments By Apriori Over Genetic Algorithm

functions, as well as a display with a resolution of
1024 x 768 pixels (CPU 7th generation, i5, 4 8GB
RAM, 500 GB HDD), to train these datasets. G-
power 0.8, alpha and beta quality of 0.05 and 0.2,
and a confidence interval of 96% are used in the
calculation. Here, IBM SPSS V26.0 is the software
programme used for statistical implementation
(Healey 2014). When comparing the two groups
using the SPSS software, the independent sample t
test was used to determine the mean, standard
deviation, and standard error mean statistical
significance between the groups. This will provide
the precise values for the two separate parameters
that will be used with.

3. Results

The accuracy rate of the Apriori algorithm is
compared with the genetic algorithm in Figure 1
using a straightforward bar graph (GA). When
compared to the Genetic Method (GA), the Apriori
algorithm has a greater accuracy rate (95.68) than
the GA (93.263). Apriori algorithms produce
variable outcomes, with standard deviations
ranging from 100 to 150 for them and 200 to 300
for genetic algorithms (GA). Between the Apriori
algorithm and the Genetic algorithm (GA), there is
a significant difference (p0.05 Independent sample
test). Apriori algorithm vs accuracy rate of genetic
algorithms (GA) on the X-axis Y-axis: Average
accuracy rate for identifying terms within 1
standard deviation (95% ClI).

The comparison between the evaluation metrics for
the Apriori algorithm and the genetic algorithm
(GA) classifier is shown in Table 1. The Apriori
algorithm has an accuracy rate of 95.68, whereas
the Genetic Algorithm (GA) has a rate of 93.263.1n
all aspects of parameters Apriori algorithm
provides better performance compared with the
Genetic algorithm (GA) of an enhancement in
effects of financial development on foreign direct
investments.

Table 2 shows the statistical calculations for the
Apriori algorithm and the Genetic algorithm,
including Mean, standard deviation, and standard
error The accuracy rate parameter used in the t-test.
The mean accuracy rate of Apriori algorithm is
95.68 and Genetic algorithm (GA) is 93.263. The
Standard Deviation of Apriori algorithm is 0.21029
and Genetic algorithm (GA) is 1.67283. The
Standard Error Mean of Apriori algorithm is
0.10291 and Genetic algorithm (GA) is 0.82938.
Table 3 displays the statistical calculations for the
comparisons between the Apriori algorithm and the
Genetic algorithm for independent samples (GA).
The accuracy significance level is 0.0341. The
Apriori algorithm and Genetic algorithm (GA) are
compared using an independent samples T-test
with a threshold of significance of 0.33232 and a
95% confidence interval. This independent sample
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test includes lower and upper interval difference,
mean difference, standard error difference,
significance as 0.001, significance (2-tailed), and
significance.

4, Discussion

In this study, the proposed model exhibits the
Apriori algorithm and Genetic algorithm (GA), in
which the Apriori algorithm has the highest values.
The Apriori algorithm's accuracy rate is 95.68%
higher compared with the Genetic algorithm (GA)
that has an accuracy rate of 93.263% in analysis of
an enhancement in effects of financial development
on foreign direct investments.

A comparative study has been presented between
Apriori algorithm and Genetic algorithm. Accuracy
analysis has been performed to investigate the
importance of each of the input parameters. Apriori
algorithm provides better accuracy output when
compared to the Genetic algorithm algorithm.
Apriori algorithm is a powerful technique to predict
the stock market price movement. The accuracy
result produced by Apriori algorithm is better than
the Genetic algorithm. Apriori algorithm can
significantly improve classification accuracy and
time efficiency. This shows that the maximum
accuracy is obtained quickly in the Apriori
algorithm. MSE is used to measure the
performances for the models in making predictions.
MSE is the average of the square errors between
the prediction and the actual values. From the
experiment result it is found that Apriori algorithm
is used to obtain minimal rules.

Previous studies usually employed statistical and
machine learning techniques to forecast future
financial values. Kyoung jae kim et al (Kim and
Han 2000) proposed a genetic algorithm (GA)
approach  to  feature  discretization  and
determination of connection weights for artificial
neural networks (ANN) to predict stock price
index. In this study, GA is used to improve both the
learning algorithm and the complexity of the
feature space. A genetic algorithm (GA) approach
to instance selection in artificial neural networks
(ANNSs) for financial data mining was put forth by
Kyoung-jae Kim (K.-J. Kim 2006). In the
suggested approach, the GA simultaneously
optimises a selection task for pertinent instances
and connection weights between layers. For the
purpose of forecasting stock price indices, James
D. Thomas (Thomas and Sycara 2000) attempted to
combine text learning and genetic algorithms. A
new genetic algorithm-based approach is presented
and applied to the purpose of forecasting the future
performances of individual stocks by Mahfoud and
Mani (1996). The system broadens the application
of GAs beyond their conventional optimization
domain to inductive machine learning or
Classification.Mendes et al. (Mendes, Godinho,
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and Dias 2012) proposed a trading system using
genetic algorithms and technical indicators to
maximize the Stirling ratio but the performance on
testing data struggled to make profits. Yubo jia,
(Jia et al. 2012) recommended an improved apriofi
algorithm based on data division and dynamic
item-sets counting.

The limitation of the proposed Apriori algorithm is
wasting time for scanning the whole database
searching on the frequent itemsets. In future ,it can
be enhanced for a variety of datasets directly for
feasibility. The proposed approach takes less time
and is easy to implement as compared to the
previous method. This research can help users to
find the right investment strategies with good
profit. The results show that strategy design has
higher efficiency and takes less time for execution.

5. Conclusion

The proposed model exhibits the Apriori algorithm
and Genetic algorithm (GA), in which the Apriori
algorithm has the highest values. In the analysis of
an improvement in the effects of financial
development on foreign direct investments, the
Apriori algorithm has an accuracy rate that is
95.68% higher than the Genetic algorithm (GA),
which has an accuracy rate of 93.263%.
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Apriori algorithm Genetic algorithm (GA)
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3 Test3
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4 Test4

94.34 92.92
5 Test5
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6 Test6
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95.35 92.85
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8 Test8

92.36 92.28
9 Test9

93.35 92.58
10 Test10

94.54 92.34
Average Test Results

95.68 93.263

Table 2. The statistical calculation such as Mean, standard deviation and standard error Mean for Apriori
algorithm and Genetic algorithm (GA). The accuracy rate parameter used in the t-test. The mean accuracy rate
of Apriori algorithm is 95.68 and Genetic algorithm (GA) is 93.263. The Standard Deviation of Apriori
algorithm is 0.21029 and Genetic algorithm (GA) is 1.67283. The Standard Error Mean of Apriori algorithm is
0.10291 and Genetic algorithm (GA) is 0.82938.

Grou N Mean Standard Standard

P Deviation Error Mean
GENETIC ~ ALGORITHM 10 93.263 1.67283 0.82938
(GA)

Accuracy

Rate
APRIORI ALGORITHM 10 95.68 0.21029 0.10291

Table 3. The statistical calculations for independent samples test between Apriori algorithm and Genetic
algorithm (GA). The significance value p=0.001 (p<0.05), which shows that two groups are statistically
significant.

Levene's Test
Group for Equality | t-test for Equality of Means
of Variances

F Sig. t df Sig. Mean Std. 95% 95%
(2- Differen | Error Confiden | Confiden
tailed | ce Differen | ce ce
) ce Interval Interval

(Lowver) (Upper)

Equal
varianc

Accurac | es 723 10034 | 1701 | 19 | 500 | 11.873 | 0983 | 11.7849 | 13.89495
y assume
d

Equal
varianc

es not 17.14 1 12.73 .000 | 11.453 0.235 10.6738 12.23849
assume
d
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Fig. 1. Simple Bar graph for Apriori algorithm accuracy rate is compared with Genetic algorithm (GA). The
Apriori algorithm is higher in terms of accuracy rate 95.68 when compared with Genetic algorithm (GA)
93.263. Variable results with its standard deviation ranging from 100 lower to 150 higher Apriori algorithm
where Genetic algorithm (GA) standard deviation ranging from 200 lower to 300 higher. There is a significant
difference between Apriori algorithm and Genetic algorithm (GA) (p<0.05 Independent sample test). X-axis:
Genetic algorithm (GA) accuracy rate vs Apriori algorithm Y-axis: Mean of accuracy rate, for identification of
keywords + 1 SD with 95 % CI.
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