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Abstract. World Bank data shows that during 2020 the economies of countries in
the world (including Southeast Asian countries) contracted, and were in a reces-
sion. However, there are still countries whose economies are still growing during
the COVID-19 pandemic. Economists are still debating the predicate of a reces-
sion, because even though it has contracted for two quarters, it doesn’t necessarily
mean a country is considered a recession. Therefore, this study analyzes the eco-
nomic classification of Southeast Asian countries during the COVID-19 pandemic
(growth or recession), as well as the governance of their economic attributes
(export components, agriculture, industry, and manufacturing). This study uses
analytical techniques with orange data mining. The results show that based on the
Naïve-Bayes algorithm, there are three countries whose economies are classified
as experiencing a recession, while the economies of seven other countries are
classified as growing. The attributes with the highest rank scores are agriculture,
exports, and COVID-19 cases.

Keywords: Economic growth · COVID-19 pandemic · Export · Agriculture ·
Industry ·Manufacture

1 Introduction

TheCOVID-19 (CoronaVirusDiseases-2019) pandemic,which began inWuhan (China)
at the end of 2019, has spreadmassively to almost all parts of the world [1]. Governments
in various countries have imposed social restrictions and community activities (including
economic activities) to prevent the further spread of COVID-19 [2]. Transactions of
goods and services also experienced a slowdown due to government policies in various
countries to carry out various restrictions. As a result, the pace of world GDP contracted
for the first time in a decade. As noted by the World Bank that in 2020, the average pace
of GDP fell drastically until it contracted by −3.40 (Fig. 1).

Discussions about global economic conditions lead to the word “recession”. Until
now, there is no official definition of recession, either in the scientific literature or in
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Fig. 1. World GDP growth (Annual %) (data.worldbank.org (processed)).

the practice of international organizations or statistical offices [3]. Indeed, most experts
and analysts use the practical definition of a recession, namely the decline in real Gross
Domestic Product (GDP) for two consecutive quarters. Although this definition is prac-
tical in understanding a recession, the focus on GDP alone is still considered narrow,
and it is considered better to also consider a wider range of economic measures (such as
employment, income, sales, and industrial production) in determining whether a country
is in recession [4].

Exports are also one of the components of the macro-economy which is suspected
to play an important role in the economy of a country. The previous research results
from [5] with Granger causality effect state that exports have an impact on GDP growth.
Especially during the COVID-19 pandemic where export restrictions (especially food)
gave a shock not only to exporting countries, but also to importing countries [6].

Some economists consider the agricultural sector to be an important part of economic
growth [7]. An example is the research result of [8] that agricultural transformation
is closely related to economic growth in Indonesia. During the COVID-19 pandemic,
the agricultural sector also experienced a decline, but it was still lower than the impact
experienced by the non-agricultural sector [9], so it can be said that the agricultural sector
is important in supporting the country’s economic conditions during the pandemic.

Industrial development is also considered as a driver of economic growth. Like the
research results of [10] which found that there was a significant relationship between
industrial development and Senegal’s economic growth, where industrialization would
be very helpful in encouraging economic growth. However, during the pandemic, labor-
intensive industries were greatly affected as a result of morbidity and containment
policies [6].

Most of the Southeast Asian countries are still in themiddle-income stage, so that the
manufacturing sector is still the driving force of economic growth. It was also explained
that the manufacturing sector has three important characteristics, namely attracting ser-
vices, accelerating the rate of technological accumulation, and increasing the use of
human capital and economic institutions [11].

The purpose of this study is to analyze the economic classification and predictions
of Southeast Asian countries during the COVID-19 pandemic. In addition, this study
also presents a ranking of the attributes of economic components that are assumed to be



266 N. N. R. Suasih et al.

related to the economy of Southeast Asian countries during the COVID-19 pandemic,
namely exports, agriculture, industry, and manufacturing and of course the COVID-19
cases.

2 Literature Review

2.1 Economic Growth and Recession

Economic growth is an increase in the production of all people in a country from year
to year [12]. Economic growth is often proxied by GDP, and is defined as an increase in
output from the economic capacity to produce goods and services needed to increase the
welfare of the people of a country [13]. In general, there are three approaches to mea-
suring economic growth, namely: nominal measurement of growth, real output growth
rate, and growth measured in per capita values [10].

The National Bureau of Economic Research (in Mazurek, 2012) defines a reces-
sion as a significant decline in economic activity that is evenly distributed in a country,
lasting more than a few months, can be monitored on real GDP growth, real per capita
income, employment, industrial production, alsowholesale-retail sales. This understand-
ing is considered to have weaknesses because it is only qualitative and does not present
quantitative limitations [14].

Business cycle analysts generally use the concept of recession to refer to a phase of
a weak economy, whose duration, depth, and spread exceed the usual limits [3]. Three
key dimensions of recession or what is known as the “three Ds”, namely duration, depth,
and diffusion [15]. So, it can be said that in a recession there is a substantial decline in
economic activity and has a broad impact and some of its impacts continue.

2.2 Data Mining

Data mining is a concept used to find hidden added value in databases. Data mining
is a semi-automatic process that uses statistical, mathematical, artificial intelligence,
and machine learning techniques to extract and identify potential and useful knowledge
information stored in large databases [16]. Data mining is also a stage in knowledge
discovery in databases which consists of data cleaning, data integration, data selection,
data transformation, mining process, pattern evaluation, and knowledge presentation
processes [17]. In simpler terms, a data mining process framework in three stages,
namely data collection, data transformation, and data analysis [18, 19] as shown in
Fig. 2.

Figure 2 shows the flow of information in the data mining process as an iterative
process. The results of the evaluation of knowledge generated by data mining can lead to
the need for more complete knowledge, improvement of data sets (datasets) or changes
to the system [19].
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Fig. 2. Data mining process framework [18].

3 Methods

Basedon the researchobjectives, a study canbe categorized as exploratory, descriptive, or
explanatory research [20]. Exploratory research is generally an early stage research that
aims to explore, while descriptive research aims to describe, and explanatory research
generally aims to test and can be a continuation of exploratory and descriptive research
[21, 22]. Based on these criteria, this research can be classified as exploratory research.

The variables to be analyzed are as follows:

1) Economic condition, namely the country’s economic condition, which in this study
is presented in the category of growth or recession.

2) The severity ofCOVID-19,which in this studywas proxied by the number of positive
cases of COVID-19 in Southeast Asian countries.

3) Export, which in this study is proxied by the annual growth of exports of Southeast
Asian countries (%).

4) Agriculture, which in this study is proxied by the annual growth of agriculture of
Southeast Asian countries (%).

5) Industry, which in this study is proxied by the annual growth of industry of Southeast
Asian countries (%).

6) Manufacturing, which in this study is proxied by the annual growth of manufacture
of Southeast Asian countries (%).

The data in this study is secondary data from the world bank (data.worldbank.org)
and tradingeconomics.comduring theCOVID-19 pandemic (2020 period). Furthermore,
the data was analyzed by orange data mining using the Naïve Bayes algorithm which is
suitable for classification and prediction of data according to the research objectives.

Naïve Bayes is a fast and simple probabilistic based on Bayes’ theorem with the
assumption that the features can stand alone. Naïve Bayes can only be used to classify
data [23]. Naïve Bayes is an algorithm that is used to find data that has a value with
the highest probability. So that a group of data can be sorted or grouped according to
similarities and also appropriate. Naïve Bayes is also a method in Data Mining which is
included in the ten most popular classification methods among other algorithms [24].

Regarding the measurement of performance models, here are some performance
metrics that are commonly and often used [25] and can be obtained through the Naïve
Bayes algorithm using the Orange application.
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1) Accuracy. Accuracy can be illustrated how accurate the model is to classify cor-
rectly. Thus, prediction accuracy is the ratio of the number of true positives and true
negatives to the overall data. In other words, accuracy is the degree of closeness of
the predicted value to the actual value.

2) Precision. Precision can be described as the level of accuracy of the requested data
with the prediction results provided by the model. Then it can be interpreted that the
precision is the ratio of the positive correct prediction divided by the overall positive
predicted result. In other words, of all positive classes that have been correctly
predicted, how many data are truly positive.

3) Recall. Recall or sensitivity can be described as the success of themodel in obtaining
information. Therefore, it can be said that the recall is the ratio of true positive
predictions divided by the total number of true positive data.

4) Specificity. Specificity can be described by the accuracy of predicting the negative
divided by the total negative data.

5) F1 score. The F1 score can be said as aweighted comparison of the average precision
and recall. F1 scores can be said to be the best if there is somekind of balance between
precision and recall in the system.

Through Naïve Bayes analysis, a confusion matrix (also called classification matrix)
can also be presented, namely the matrix which is used to assess the prediction accuracy
[26], with a general structure as shown in Table 1.

Correlation (r) is an effect size, whose value is in the range of −1 (negative corre-
lation) to 1 (positive correlation). The closer value to −1 or 1 means that the stronger
correlation. Verbally, the absolute value of the correlation can be categorized as Table 2.

Table 1. General structure of the confusion matrix [26]

Predicted Negative Predicted Positive

Actual
Negative

True Negative
(TN)

False Positive
(FP)

Actual
Positive

False Negative
(FN)

True Positive
(TP)

Table 2. General structure of the confusion matrix [27]

No Value of Correlation Interpretation

1 0.00 to 0.29 Little if any correlation

2 0.30 to 0.49 Low correlation

3 0.50 to 0.69 Moderate correlation

4 0.70 to 0.89 High correlation

5 0.90 to 1.00 Very high correlation
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To answer the objectives related to attribute ranking, data mining analysis with
Orange through the rank widget was carried out. There are several algorithms used in
rank analysis, which are as follows [28].

1) Information Gain, is an algorithm that principally reduces the variance of attributes
so that it shows closeness to the classification results of the object being tested.

2) Information Gain Ratio, is a refinement of the information gain algorithm, which
means solving the weaknesses of the previous algorithm, where bias problems often
arise.

3) Gini Impurity Index, is an algorithm that focuses ondiscriminants,where the attribute
that makes the most discrimination will get a higher value and is considered better.

4) Chi-Square Distribution, is a non-parametric technique used to determine whether
the observed frequency distribution is different from the expected theoretical
frequency.

5) Relief, is an algorithm that does not depend on heuristic methods, and is based on a
noise-resistant feature selection algorithm.

6) Fast Correlation-Based Filter (FCBF), is a correlation-based algorithm (Correlation-
Based Filter/CBF) and its fast.

4 Results and Discussion

4.1 Overview of Southeast Asian Countries Economics

The economic growth of Southeast Asian countries during the COVID-19 pandemic (in
2020) was indeed mostly contracted, but there were several countries whose economies
continued to grow positively. Figure 1 presents a comparison of the economic growth
rates of Southeast Asian countries.

As Fig. 3 shows, there are only three countries whose economies continue to grow,
namely Brunei Darussalam, Laos, and Vietnam. Meanwhile, seven other countries
experienced a contraction in their economic growth.

Fig. 3. Comparison of Southeast Asian Countries GDP growth rate (in 2020) (data.worldbank.org
(processed)).
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Fig. 4. Comparison of the growth rate of selected economic attributes (Year 2020)
(data.worldbank.org and tradingeconomics.com (processed)).
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Fig. 5. Research workflow (Widgets).

In addition, an overview of several components of the economy that are used as
attributes, namely the growth rate of exports, agriculture, industry, and manufacturing
is presented in Fig. 4(a)-(d).

Figure 4 also shows that several countries are still able to maintain a positive growth
rate on each attribute, especially Brunei Darussalam, Laos, and Vietnam.

4.2 Data Mining Analysis with Orange

Orange is a data mining tool that is very useful for visual programming and explorative
data analysis. Orange is also known as Python, and Orange has multiple components
known as widgets [29]. The Orange widgets or workflows in this study are as presented
in Fig. 5.

4.3 Naïve Bayes Analysis (Southeast Asian Countries Economic Classification)

The confusionmatrix can be used to determine the location of themisclassification of the
Naïve Bayes model. Table 3 describes the confusion matrix obtained from the evaluation
results of the Naïve Bayes model.

Table 3 shows that there are seven countries whose economies are predicted to grow,
and three countries whose economies are predicted to be in recession. However, of the
seven countries whose economies are predicted to grow, there are four countries that
have miscalculated. The country is supposed to be in recession, but the model predicts
growth.

The results of the Naïve Bayes algorithm analysis on this model show the output of
several components which can be described as Table 4. As the output in Table 4 shows,
it is clear that all measurements of the model’s performance show the lowest value of
0.6, which means the model is good.

The Naïve Bayes output also presents recommendations for the economic classifi-
cation of Southeast Asian countries (Table 5).
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Table 3. Confusion matrix - Naive Bayes

Predicted
Negative

Predicted
Positive

Sum

Actual
Negative

3 0 3

Actual
Positive

4 3 7

Sum 7 3 10

Table 4. Evaluation of Naïve Bayes model results

Performance Metrics Results Evaluation

AUC 1.000 AUC is used to represent probabilities. The range of AUC
values is 0–1, so an AUC value of 1 means that the model is
excellence.

Accuracy (CA) 0.600 CA functions for the accuracy of the selected dataset. The
accuracy of this model is 60%, which means that the level of
closeness of the predicted value to the actual value is 60%.

Skor F1 0.600 F1 is the comparison between recall and precision, where the
result is 60%.

Precision 0.829 The precision value is 82.9%, which means that the country’s
economy is actually growing from what is predicted to grow
by 0.829.

Recall 0.600 The 60% recall shows the ratio of predictions for the
economy to grow compared to the overall economic data that
actually grew.

Based on the analysis using the Naïve Bayes algorithm, Table 5 presents the clas-
sification of countries whose economy is in growth or recession during the COVID-19
pandemic with an annual growth approach to the components of exports, agriculture,
industry, and manufacturing as well as targets for the classification of economic growth.
The result is that countries with a contracted economy are not necessarily classified as
recession, and vice versa, there are three countries classified as experiencing a recession
(Indonesia, Cambodia, and the Philippines), and seven countries classified as having
their economies growing.

4.4 Correlation Between Economic Components and Their Ranking

Furthermore, to complete the data mining analysis, predictions of correlations between
the components of the Southeast Asian countries economy have been determined
previously. The output of the analysis is presented in Table 6.
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Table 5. Classification based on Naïve Bayes output

No Country Classification
of Economic
(GDP) Growth
(Year 2020)

Naïve-Bayes
Classification

1 Indonesia Negative Recession

2 Cambodia Negative Recession

3 Philippines Negative Recession

4 Singapore Negative Growth

5 Vietnam Positive Growth

6 Thailand Negative Growth

7 Brunei
Darussalam

Positive Growth

8 Malaysia Negative Growth

9 Laos Positive Growth

10 Myanmar Negative Growth

Source: data.worldbank.org (processed)

Table 6. Pearson correlation between attributes

No Correlation of Attribute Pearson Correlation Correlation Interpretation

1 Export – Manufacture +0.844 High correlation

2 Agriculture – Export +0.531 Moderate correlation

3 Export – Industry +0.522 Moderate correlation

4 Industry – Manufacture +0.516 Moderate correlation

5 COVID -19 Cases – Manufacture −0.450 Low correlation

6 Agriculture – Manufacture +0.449 Low correlation

7 COVID-19 Cases – Industry −0.408 Low correlation

8 COVID-19 Cases – Export −0.332 Low correlation

9 Agriculture – Industry −0.046 Little if any correlation

10 Agriculture – COVID-19 Cases −0.002 Little if any correlation

Based on Table 6, it can be seen that the correlation with the highest value is the
correlation between export growth and manufacturing, which is categorized as positive
and has a high correlation. Then followed by the correlation between agricultural and
export growth as well as export and industrial growth which is positive and moderate
correlation.
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Table 7. Rank-scores by attribute selection algorithm

No Attributes Attribute Selection Algorithms

Inf. Gain Gain Ratio Gini Chi-square Relief FCBF

1 Agriculture 0.881 0.477 0.420 5.250 0.074 1.618

2 Export 0.881 0.477 0.420 5.250 0.185 0.000

3 COVID-19 Cases 0.606 0.307 0.287 4.298 −0.042 0.738

4 Manufacture 0.406 0.206 0.187 3.048 0.095 0.000

5 Industry 0.406 0.206 0.187 3.048 0.010 0.000
*The numbers marked in bold are the highest three values in the sequence for each algorithm.

This study also aims to analyze the ranking of the components of the Southeast Asian
economy based on several algorithms as previously described, namely the information
gain algorithm, information gain ratio, Gini impurity index, chi-square distribution,
relief, and Fast Correlation-Based Filter (FCBF). The following Table 7 presents the
rank of the economic components as research attributes in each algorithm.

The output in Table 7 shows that the attributes of agriculture, exports, and COVID-
19 cases received the highest scores by four algorithms (information gain, Gini ratio,
Gini impurity index, and chi-square). While the relief algorithm places export, followed
by manufacture and agriculture as the attribute with the highest score. Unlike other
algorithms, FCBF places COVID-19 cases and agriculture as attributes with the highest
values. Therefore, in general it can be said that the highest dominant attribute rankings
are agriculture, export, and COVID-19 Cases.

5 Conclusion

Based on the results of data mining analysis with Orange (Nave-Bayes algorithm) it
can be concluded that the classification of a country’s economy is not always classified
according to its economic growth rate. If it is associated with the attributes of eco-
nomic components, it can be classified that as many as three Southeast Asian countries
experienced a recession, while the economies of seven other countries could still grow.

Furthermore, the results of the analysis on several algorithms (information gain,
information gain ratio, Gini impurity index, chi-square distribution, relief, and FCBF)
show that the attribute components with the highest rank scores are agriculture, exports,
and COVID-19 cases. Meanwhile, when viewed from the correlation between attributes,
the absolute value of the correlation with the highest value in a row is the correlation
between export and manufacture, agriculture and export, and export and industry. This
shows that the export component has a significant correlation with almost all other
attributes.
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