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able to fulfils the primary needs. The COVID-19 pandemic had been made some
companies done a work termination. Therefore, people is required to sort out and
choose needs that are on a priority scale. This article used biplot methods to
analyze behavior of the consumer's primary needs during the COVID-19 pandemic.

Keywords:

Biplot analysis methods; Respondents number of this research are 100 respondents from 4 districts in Java
Primary needs; Island who filled out the questioner. In some references, biplot analysis methods
Preferences; focus on agriculture field such as determining the best genotypes and habitats of
Principal component. plants. Rarely of them cosider in economic point of view for example in consumers’

preferences. As we known that biplot analysis is a valuable technique for
identifying environtmental condition. It is superior to other statistical
methodologies because of its superior predictive accuracy. This method represent
a grapics of multivariate data that plot information between the observation and
variables in cartesian coordinates. Therefore, the goal of this study examines the
consumers' preferences in Java Island, Indonesia, using biplot analysis to assess
preferences of primary needs such rice, cooking oil and margarine in four districts,
Bekasi, Madiun, Tasikmalaya, Banyumas, in Java Island were conducted. Regarding
to the result of principal component analysis, it shows that consumers have same
priority to choose the brand of cooking oil. It was shown from score of PC1 and PC2
values. The result provide helpful information about the consumer preferences of
primary needs during COVID-19 from four districts in Java Island.
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A. INTRODUCTION

The largest shock to the global economy since the Second World War occurred in February
as a result of the coronavirus outbreak. A labor market implosion caused by lockdowns and
decline in consumer spending saw equivalent of over 500 million full-time jobs disappear
almost instantly. As factories closed and nations closed their border, world trade trembled.
Besides that, unemployment and poverty rates have increased as a result of the COVID-19
epidemic. However, we might be thankful that digital transformation did grow and even upset
businesses and the economy when the epidemic stuck Indonesia. The emergence of the digital
economy, is pervasive today (Bagchi et al.,, 2020).
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Individuals and families make up the minor components that make up the community
consumption patterns. People's consumption habits have changed as a result of the COVID-19
epidemic. On the one hand, the community must classify and select requirements according to
importance. On the other hand, people want their demands in life to be met to the utmost extent
possible. Numerous statistical techniques have been created during the last three decades to
evaluate the stability of the same problem but distinct objects. Several researchers investigated
in cultivar across test location (Cooper et al., 1993), (Cooper & DeLacy, 1994), (Cooper et al,,
1997) and (Gauch Jr & Zobel, 1997). The additive main effects and multiplicative interaction
model (AMMI), one of the most significant analysis techniques, has been widely used to evaluate
the stability of variations (Wang et al., 2020) and to assess environments in the case of multi-
environment variety trials (Gauch Jr & Zobel, 1997). However, the genotype main effect (G) and
genotype by environment interaction (GEI), as in the genotype main effect plus genotype by
environment interaction (GGE) biplot approach, must be integrated for test location evaluation
(Yan & Hunt, 2001), (Yan et al,, 2001) and (Yan & Rajcan, 2002). The GGE biplot was the most
suitable type of biplot for mega-environment inquiry, genotype evaluation, and test location
evaluation, according to (Yan & Rajcan, 2002).

In this paper we consider the consumer's Preferences of primary needs especially in Java
Island, Indonesia by using the biplot analysis methods. Several researchers consider not only
biplot but also GGE. The GGE-biplot focuses on two ideas. First, only G and GEI are pertinent to
and need to be taken into account at the same time, even if the measured yield is the combined
effect of G, E, and GEI. Second, to approximate and display the GGE of a MEYT, the biplot
approach is used, hence the name GGE biplot (Gabriel, 1971). The first two principal
components (PC1 and PC2, also known as primary and secondary effects, respectively) that
result from subjecting environment-centered yield data, or the yield variance owing to GGE, to
singular value decomposition are what make up this GGE-biplot. It is demonstrated that this
GGE-biplot efficiently reveals the data's GEI pattern. It facilitates ME identification by
demonstrating with clarity which genotype prevailed in certain conditions (Yan et al., 2000). In
GGE-biplot analysis, test location evaluation is conducted graphically (Yan et al., 2000). A
representative location implies that varieties selected in that location would have high
probability of performing well in other locations of the same region.

There are many researchers who are considering using this method. In 2021, (Mahmud et
al,, 2021) investigated the farmers' preference, Yield for four types of sweet potato in multiple
environments. A technique, called GGE-biplot, that enables visual inspection of the GEI pattern
of MEYT (Multi environment yield trials) was investigated by (Yan et al.,, 2000) in 2000. (Kaya
et al.,, 2006) has been investigated the GGE-biplot analysis for multi-environment yield trials in
bread wheat. GGE-biplot analysis also investigated by in 2014 (XU et al., 2014). They considered
investigating the cotton regional by using GGE-biplot in YaRV China. However, rarely
researchers who consider biplot analysis method. Therefore, this is the main reason that we
consider of it.

Furthermore, GGE biplot analysis is use as a useful tool for some researchers. For example,
GGEBiplotGUI Package can be used to analyze a visual data analysis of multi-invirontment trials
(Frutos et al,, 2014). In 2022, Omrani et al. (2022) studied that for wheat Triticum aestivum L
genotypes for two crop years in five regions. The result got that the genotypes G2 and G21 are
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the highest yielding. Meanwhile, biplot analysis is a useful technique in scientometrics for
multivariate data (TorresSL_CITATION {"citation. GT biplots combined with other statistical
techniques are excellent tool for visual evaluation of superior genotypes (Gholizadeh &
Dehghani, 2016) and (Gholizadeh et al., 2018). Biplot analysis is a valuable tool for making
decisions and visualization of interrelationships between variables and genotypes for mango
(Mangifera indica L.) (Maia et al., 2016). The GGE biplot is an efficient approach for identifying
three mega-environments in grain sorghum in Brazil (da Silva et al., 2021). In contrast, GYT
biplot used to definite the best Barley genotypes in multi traits (Kendal, 2020) and (Kendal,
2019). In 2019, Yan (2019) investigated location-grouping (LG) biplot method for mega-
environment delineation that does not require common genotypes across years so that data
from routinely conducted variety trials can be utilized to understand the mega-environments
and test locations for any crop and region.

Moreover, in Amhara region, Ethiopia, GGE biplot view identified that Serinka and CIP-
396004.337 are an ideal testing location and ideal genotype, respectively for this region (Gedif
& Yigzaw, 2014). On the other hand, Hj-biplot methodology is the best tool to analyse a low-
dimensional Euclidean space of multivariate data matrix (Gallego-Alvarez et al., 2015). Biplot
can be used as tools to draw a single graphic between the predictor variables and response
variables (Oyedele, 2021). GGE biplot technique is one of the appropriate methods for
investigating the genotype-environment interaction (Ansarifard et al., 2020)(Yan, 2013). GGE
biplot graph reflected the superior genotype of cotton (Sadabadi et al.,, 2018). GGE biplot
method is used to explore the G and GEI for chickpea genotypes (Farshadfar et al., 2013).

Using biplot analysis techniques, we examine consumer preferences for primary needs in
this paper, with focus on Java Island, Indonesia. Although there is little research on consumer
preferences using biplot analoysis, the current study’s objectives including determining the
highest consumer preferences. This is acchieved by using the biplot method to investigate the
effect of COVID-19 for primary needs was shown in every attributes. Plotting information
between variables and observations in cartesian coordinates is what the biplot analysis method
does for multivariate data.

B. MATERIALS AND METHODS
1. Primary Needs

The type of research for the consumer data are both descriptive and quantitative. In this
paper, we consider three basic needs: rice, cooking oil and margarine. All product were
evaluated. One hundred respondents were filled out the questionnaire when we had a focus
group discussion in 4 districts in Java Island (Madiun, Tasikmalaya, Bekasi and Banyumas). The
primary needs that were ranked next most important (rice, cooking oil and margarine). The
attributes of each primary need are price, brand, promotion, availability, and quality.
Information of rice brand, cooking oil brands and margarine brand can be seen in Table 1.
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Table 1. Primary Needs Brand
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Rice Cooking Oil Margarine
Campur Barco Amanda
IR Curah Blue Band
Local Filma Curah
Pandan Fortune Filma
wangi
Ramos Minyak Kiita Forvita
Rojolele Mitra Palma
Sania Resto Palmia

Royal
Rose Brand Simas
Sabrina
Sania
Sovia
Sunco
Tawon
Tropical

2. Statistical Analysis

Results were analyzed utilizing both univariate and multivariate statistical techniques.
Consumer data that was both descriptive and quantitative were first examined separately, and
then jointly. All statistical analysis is using R Studio and Lisrel for Windows ver. 12.0.1.2. Firstly,
the descriptive data were analyzed using an R studio with means separation and principal
components analysis. To identify linear correlations, correlation analysis was done separately
and together on descriptive and consumer data. Scatterplots were used to visually evaluate any
potential nonlinear correlations between consumer attributes and daily needs attribute
intensities.

Using R studio, internal preference mapping was carried out on consumer means, and the
treatment mean scores were shown on the resulting principal component eigenvectors. Using
landscape segmentation analysis, external preference mapping was created (LSA). The LSA was
performed using same software R studio on customer acceptability scores, and consumer
segmentation was performed using agglomerative hierarchical clustering on consumer LSA
coordinates (AHC). The Euclidian distance matrices and Ward's approach were applied.
Discriminant analysis was used to the generated clusters until a cross-validation correct
identification rate of 95% or higher was achieved. Using R studio, the AHC and discriminant
analysis were carried out. The clustering variables also use similar software. However, for PCA
applied Lisrel for Windows ver. 12.0.1.2.

3. Singular Value Decomposition (SVD)

Biplot analysis introduced for the first time by Gabriel (Gabriel, 1971). This analysis was
done using determined matrices from the singular value decomposition (SVD). A matrix's
factorization into three matrices is known as its singular value decomposition (SVD). It
provides a significant geometrical and theoretical understanding about linear transformation
and has some intriguing algebraic characteristics. It has some significant data science
applications as well. The SVD of mxn matrix A is given by the formula:
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A=U3VT (D
with
U: m X m matrix of the orthonormal eigenvectors of AAT
VT: transpose of a n X n matrix containing the orthonormal eigenvectors of ATA
¥': diagonal matrix with r elements equal to the root of the positive eigenvalues of AAT or AT A.

Equation (1) can be written in the following (Jolliffe, 1990)
A=UL*opT (2)

4. a Parameter

There are two « values which are used to define UL* = G and L*~%VT = H’ thatarea =
0 and a = 1. If « = 0 so that we have following equation
U=GandLVT =H . 3)

in general, for « = 0, it will be given biplot graph that describing not only multivariate data but
also relationship between variables and trend of the object. For a = 0 the factorization result
namely CPM biplot. On the other hand, for @ = 1, we have following equation

UL=GandVT =H' . (4)

meanwhile, biplot described distance between a pair of series. Result of factorization called
RMP biplot (Row Metric Preserving).

5. Biplot feasibility measure

Biplot analysis is a useful technique for multivariate data. The data information
represented by biplot is determined based on p? values. The p? defined as a biplot feasibility
measure. Formula of p? is wiritten in the following:

At
k=1

p?

C. RESULT AND DISCUSSION
1. Descriptive Analysis

In this section, we explained the data analysis of PC1 and PC2 values for each district which
is obtained by using Lisrel for Windows ver. 12.0.1.2. The value of PC1 and PC2 can be seen in
Table 2, Tabel 3, and Table 4 for rice, cooking oil and margarine, respectively.
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Table 2. PC1 and PC2 score for rice in four Districts

Bekasi Madiun Tasikmalaya Banyumas
PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2
Price 0.901 -0.113 0.925 -0.140 0.877 0.231 0.845 0.368

Promotion 0.793 0.583 0.748 0.658 0.503 0.747 0.444 0.858
Availability  0.935 -0.059 0.904 -0.191 0.909 0.174 0.852 -0.440
Brand 0.867 0.074 0.853 -0.033 0.684 0.533 0.521 -0.237
Quality 0.862 -0.428 0.958 -0.169 0.847 0.283 0.918 -0.211

Table 3. PC1 and PC2 score for cooking oil in four Districts

Bekasi Madiun Tasikmalaya Banyumas
PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2
Price 0.912 -0.303 0.9661 0.141 0.842 -0.455 0.691 -0.344

Promotion 0.914 0.142 0.838 0.525 0.789 0.497 0.272 0.845
Availability  0.928 -0.298 0.953 -0.191 0.921 -0.250 0.903 -0.151
Brand 0.881 0.373 0.859 -0.291 0.796 0.511 0.667 0.441
Quality 0.922 0.102 0.959 -0.147 0.950 -0.195 0.899 -0.167

Table 4. PC1 and PC2 score for margarine in four Districts

Bekasi Madiun Tasikmalaya Banyumas
PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2
Price 0.871 -0.360 0.901 0.347 0.837 -0.455 0.842 -0.299

Promotion 0.868 -0.349 0.900 0.371 0.866 0.416 0.554 0.820
Availability  0.934 0.052 0.972 -0.165 0.903 -0.345 0.911 -0.239
Brand 0.843 0.462 0.916 -0.331 0.866 0.458 0.855 -0.036
Quality 0.963 0.186 0.972 -0.188 0.911 -0.071 0.951 0.047

The findings of the descriptive analysis showed that there are attributes preference of the
consumers to buy rice in Bekasi district Figure 1. Three PCs are explained in Table 2. Figure 1
explains that the communities of Bekasi district have same priority for selecting of rice. This
can be seen from the priority vector of promotion, brand, availability, price and quality.
Regarding to the biplot result, the variation of rice types which chosen are varied and everyone
gave different responses for same product. However, for some people in Bekasi, they did not
choose brand of the rice to consume. It can be seen from the vector priority direction.

Biplot rice

Groups
N R R S S R Tttt 1 T3 TSR CAMPUR
IR
LOKAL
PANDAN WANG!

Dim2 (11.7%)

ramos
ROJOLELE
% SANA

Figure 1. Atributes preference of rice in Bekasi District

The communities in the Madiun area have equal priority when choosing their rice, as shown
in Figure 2. This is evident from the promotion, brand, availability, price, and quality priority
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vectors. in relation to the biplot result, different rice varieties selected, and everyone's answers
were diverse for the same item. However, several residents of Madiun did not select the brand
of the rice they ate. The vector priority direction reveals it.

Biplot rice

Groups
® R

6)

LOKAL

B PANDAN WANGI
ROJOLELE
SANIA

¥ SELIPAN

Dim2 (11.9%

Dim1 (72.3%)

Figure 2. Atributes preference of rice in Madiun District

As seen in Figure 3, the communities in the Tasikmalaya region prioritize rice equally. The
priority vectors for promotion, brand, availability, price, and quality make this clear. Different
rice kinds were chosen, and everyone's responses varied for the same item in relation to the
biplot result. However, a number of Tasikmalaya locals didn't choose the brand of the rice they
consumed. It can be seen from the vector priority direction. The Banyumas region's
communities prioritize rice equally, as shown in Table 3. This is made evident by the promotion,
brand, availability, price, and quality priority vectors. Everyone's reactions differed for the
same item in respect to the biplot result, and different varieties of rice were used. However,
several residents of Banyumas didn't pick the brand of the rice they ate. The vector priority
direction reveals it. The following is the attributes preference of rice in Tasikmalaya District and
attributes preference for rice in Banyumas District, as shown in Figure 3 and Figure 4.

Biplot rice

Groups
ANAK RAJA
IR
JABAL NUR
LOKAL
PANDAN WANGI
ROJOLELE

Dim2 (21.9%)

SANIA

* TnJaya

Dim1 (57.9%)

Figure 3. Attributes preference of rice in Tasikmalaya District
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Biplot rice

Groups
quality ANAK RAJA
i IR
brand LOKAL
> ORGANIK
PANDAN WANGI
RICEMIL
2 ROJOLELE
price SELIPAN
- SMARTANI
: SOVIA

promotion

4 2
Dim1 (50.4%)

Figure 4. Attributes preference for rice in Banyumas District

[t was seen that curah brand, rose brand and filma brand close to availability. Variables and
correlations between variables are shown by length and angle between vectors. The biggest
priority variations are in brand and availability. This is indicated by the large vector length, and
at the same time these two variables have a very small correlation. This is indicated by the very
large angle formed. While, the brand has a large correlation, this is indicated by the very small
angle between the two vectors. In contrast, availability and price have a big correlation.
Regarding to principal component analysis (PCA), consumers priority of cooking oil with
several brand have same priority. It can be seen from the PC1 values for Bekasi district in Table
3 has values around 0.881 until 0.922, while for PC2 values, the communities in Bekasi bought
cooking oil based on the brands. The following are atributes preference of cooking oil in Bekasi
District and atributes preference of cooking oil in Madiun District, as shown in Figure 5 and
Figure 6.

Biplot oil

Groups
Barco
CURAH
FILMA
FORTUNE
MINYAK KITA
T MITRA

@ Resto

Dim2 (8.6%)

# ROSE BRAND
SABRINA

availability

¥ SANIA
SOVA
SUNCO
4 TAWON
A TROPICAL

Dim1 (77.1%)

Figure 5. Atributes preference of cooking oil in Bekasi District
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Biplot oil

brand Groups

; CURAH
FILMA
FITRI
FORTUNE

e ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ KUNCI MAS

ROSE BRAND
SANIA
SEGITIGA EMAS
SUNCO

Tergantung promo

Dim1 (78.9%)

Figure 6. Atributes preference of cooking oil in Madiun District

The same situation also happened in Tasikmalaya. Attributes price and availability are
become priority of the communities. It can be seen in the Figure 7. Based on the PC1 value, it
was seen that the quality has high score at 0.950 point, while for PC2 value, it was seen that
promotion and brands become priorities for people in Tasikmalaya.

Biplot oil

Groups
Bimoli
CURAH
FILMA
FITRI
FORTUNE
KUNCI MAS
Resto

¥ ROSE BRAND

SANIA

Dim2 (18.6%)

SEGITIGA EMAS
J SOVIA

SUNCO

TROPICAL

proRigne

Dim1 (67.6%)

Figure 7. Atributes preference of cooking oil in Tasikmalaya District

The communities of Banyumas district have different with others three district in priority
for the primary needs. Regarding to Figure 4, Figure 8 and Figure 12, communities of Banyumas
district did not make five attributes (price, promotion, availability, brands and quality) as
priority when they buy some primary needs.
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Biplot oil

Groups
Barco
CURAH
FILMA
FORTUNE
MINYAK KITA
MITRA
 Resto

price ¥ ROSE BRAND
SABRINA

¥ SANIA
SOVA
SUNCO
TAWON

A TROPICAL

Dim2 (8.6%)

Dim1 (77.1%)

Figure 8. Atributes preference of cooking oil in Banyumas District

Margarine for some communities in Indonesia can be primary needs. Since, they can
replace the use of cooking oil when it rarely in the market. Regarding to biplot graph, it was
seen in Figure 9 that for all attribute, it has equally values. However, from PC2 score and
variables, it can be seen that the attribute of quality and availability not a priority to buy
margarine. The communities in Bekasi, they choose the promotion dan price as priority. It can
be seen from the vector in Figure 9 close to each other’s. Besides that, brands for margarine at
the bottom right position in Cartesian’s coordinate. It means that margarine for majority of the
community in Bekasi district not a primary needs priority.

Biplot margarine
prospetion

Groups
AMANDA
ol " BLUE BAND
= e T CURAH
FILMA
FORVITA
7 PALMA

availability

Dim2 (10.9%)

Palmia royal

X SIMAS

'w. 0
Dim1 (75.7%)

Figure 9. Atributes preference of Margarine in Bekasi District

Figure 10 and 11 describe the society's tendencies of Madiun and Tasikmalaya district
when they buy margarine. It was seen that promotion and brands not to be priority. Majority
of communities in Madiun and Tasikmalaya choose price and availability for margarine.
Margarine for some communities in Indonesia can be primary needs. Since, they can replace
the using of cooking oil when it is rarely seen in the market.
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Biplot margarine

Groups
Amanda
AMANDA
BLUE BAND
< FILMA
FORTUNE
FORVITA
MOTHER CHOICE
¥ PALMA
SIMAS

Dim2 (10.1%)
®
ok
2
=
g

RegFion

Dim1 (82.7%)

Figure 10. Atributes preference of Margarine in Madiun District

Biplot margarine

prce Groups
i AMANDA
BLUE BAND
CURAH
quality FILMA

i FORVITA
PeinsmamdannnsnBanniiniinninn s S e e s L s PALMA

& RS ROSE BRAND

. ¥ osmas

Dim2 (16.6%)

Dim1 (70.2%)

Figure 11. Atributes preference of Margarine in Tasikmalaya District

Biplot margarine

Groups
AMANDA
BLUE BAND
FILMA

% FORTUNE
FORVITA

DIm2 (17.3%)

Merek lokal
PALMA
» SMAS

Dim1 (62.4%)

Figure 12. Atributes preference of Margarine in Banyumas District
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D. CONCLUSION AND SUGGESTIONS

Because customers could utilize the product in its true context, qualitative multivariate
analysis was highly helpful in determining consumers' preference of the primary needs (i.e., the
results are more ecologically relevant). As a result of customers using the product in various
contexts, product applications and product preferences could be better understood. The
attributes of the primary needs are price, promotion, availability, brand and quality. Statistical
analysis for consumers' preference of basic needs in four districts in Indonesia has result that
in every district, the communities have different priority for choosing attributes of the primary
needs. It can be seen not only from figures but also from values of PC1 and PC2 in the tables.

ACKNOWLEDGEMENT

Authors are very grateful to reviewers for their constructive suggestions to improve this article.
And authors also, would like to thanks to Ministry of Education, Culture, Research and
Technology, Indonesia for the financial support through Matching Fund 2022 scheme with
contract number 163/E1.1/KS.06.02/2022.

REFERENCES

Ansarifard, 1., Mostafavi, K., Khosroshahli, M., Reza Bihamta, M., & Ramshini, H. (2020). A study on
genotype-environment interaction based on GGE biplot graphical method in sunflower genotypes
(Helianthus annuus L). Food  Science & Nutrition, 8(7), 3327-3334.
https://doi.org/10.1002 /fsn3.1610

Bagchi, B., Chatterjee, S., Ghosh, R., Dandapat, D., Bagchi, B., Chatterjee, S., Ghosh, R., & Dandapat, D.
(2020). Impact of COVID-19 on global economy. Coronavirus Outbreak and the Great Lockdown:
Impact on Oil Prices and Major Stock Markets Across the Globe, 15-26.
https://doi.org/10.1007/978-981-15-7782-6_3

Cooper, M., & DeLacy, L. H. (1994). Relationships among analytical methods used to study genotypic
variation and genotype-by-environment interaction in plant breeding multi-environment
experiments. Theoretical and Applied Genetics, 88(5), 561-572.
https://doi.org/10.1007/BF01240919

Cooper, M., Delacy, I. H, Byth, D. E,, & Woodruff, D. R. (1993). Predicting grain yield in Australian
environments using data from CIMMYT international wheat performance trials. 2. The application
of classification to identify environmental relationships which exploit correlated response to
selection. Field Crops Research, 32(3-4), 323-342. https://doi.org/10.1016/0378-
4290(93)90040-T

Cooper, M., Stucker, R. E., DeLacy, I. H,, & Harch, B. D. (1997). Wheat breeding nurseries, target
environments, and indirect selection for grain yield. Crop Science, 37(4), 1168-1176.
https://doi.org/10.2135/cropsci1997.0011183X003700040024x

da Silva, K. J., Teodoro, P. E., da Silva, M. ], Teodoro, L. P. R, Cardoso, M. ], Godinho, V. de P. C., Mota, . H,,
Simon, G. A, Tardin, F. D., & da Silva, A. R. (2021). Identification of mega - environments for grain
sorghum in Brazil using GGE biplot methodology. Agronomy Journal, 113(4), 3019-3030.
https://doi.org/10.1002/agj2.20707

Farshadfar, E., Rashidi, M. Jowkar, M. M., & Zali, H. (2013). GGE Biplot analysis of genotypex
environment interaction in chickpea genotypes. European Journal of Experimental Biology, 3(1),
417-423. https://www.primescholars.com/articles/gge-biplot-analysis-of-genotype--
environment-interaction-in-chickpea-genotypes.pdf

Frutos, E., Galindo, M. P., & Leiva, V. (2014). An interactive biplot implementation in R for modeling
genotype-by-environment interaction. Stochastic Environmental Research and Risk Assessment,
28(7), 1629-1641. DOI https://doi.org/10.1007 /s00477-013-0821-z

Gabriel, K. R. (1971). The biplot graphic display of matrices with application to principal component
analysis. Biometrika, 58(3), 453-467. https://doi.org/10.1093 /biomet/58.3.453



752 | JTAM (Jurnal Teori dan Aplikasi Matematika) | Vol. 8, No. 3, July 2024, pp. 740-753

Gallego-Alvarez, I., Galindo-Villardén, M. P., & Rodriguez-Rosa, M. (2015). Analysis of the sustainable
society index worldwide: A study from the biplot perspective. Social Indicators Research, 120(1),
29-65. DOLI: https://doi.org/101007/s11205-014-0579-9

Gauch Jr, H. G., & Zobel, R. W. (1997). Identifying mega - environments and targeting genotypes. Crop
Science, 37(2), 311-326. https://doi.org/10.2135/cropsci1997.0011183X003700020002x

Gedif, M., & Yigzaw, D. (2014). Genotype by environment interaction analysis for tuber yield of potato
(Solanum tuberosum L.) using a GGE biplot method in Amhara region, Ethiopia. Agricultural
Sciences, 2014. DOI: 10.4236/as.2014.54027

Gholizadeh, A., Dehghan, H., Amini, A., & Akbarpour, 0. A. (2018). Study on trait relations of wheat
genotypes using the biplot method. [ranian Journal of Field Crop Science, 49(3). 121-136.
10.22059/1JFCS.2017.224744.654246

Gholizadeh, A., & Dehghani, H. (2016). Graphic analysis of trait relations of Iranian bread wheat
germplasm under non-saline and saline conditions using the biplot method. Genetika, 48(2), 473-
486.DOI: 10.4236/as.2014.54027

Jolliffe, I. T. (1990). Principal component analysis: a beginner’s guide—I. Introduction and application.
Weather, 45(10), 375-382. https://doi.org/10.1002/j.1477-8696.1990.tb05558.x

Kaya, Y., Akcura, M., & Taner, S. (2006). GGE-biplot analysis of multi-environment yield trials in bread
wheat. Turkish  Journal of  Agriculture and Forestry, 30(5), 325-337.
https://journals.tubitak.gov.tr/agriculture/vol30/iss5/3/

Kendal, E. (2019). Comparing durum wheat cultivars by genotypex yieldx trait and genotypex trait
biplot method. Chilean  Journal of  Agricultural  Research, 79(4), 512-522.
http://dx.doi.org/10.40667/50718-58392019000400512

Kendal, E. (2020). Evaluation of some barley genotypes with geotype by yield* trait (GYT) biplot method.
Poljoprivreda i Sumarstvo, 66(2), 137-150. DOI: 10.17707 /AgricultForest.66.2.13

Mahmud, A. Al, Hassan, M. M., Alam, M. J., Molla, M. S. H,, Ali, M. A,, Mohanta, H. C., Alam, M. S,, Islam, M.
A, Talukder, M. A. H,, & Ferdous, M. Z. (2021). Farmers’ preference, yield, and GGE-Biplot analysis-
based evaluation of four sweet potato (Ipomoea batatas L.) varieties grown in multiple
environments. Sustainability, 13(7), 3730. https://doi.org/10.3390/su13073730

Maia, M. C. C,, Aratjo, L. B. de, Dias, C. T. dos S., Oliveira, L. C. de, Vasconcelos, L. F. L., Carvalho Junior, J.
E. V. de, Simedo, M., & Bastos, Y. G. M. (2016). Selection of mango rosa genotypes in a breeding
population using the multivariate-biplot method. Ciéncia Rural, 46(10), 1689-1694.
https://doi.org/10.1590/0103-8478cr20130722

Omrani, A, Omrani, S., Khodarahmi, M., Shojaei, S. H., Illés, A,, Bojtor, C., Mousavi, S. M. N., & Nagy, J.
(2022). Evaluation of grain yield stability in some selected wheat genotypes using AMMI and GGE
biplot methods. Agronomy, 12(5), 1130. https://doi.org/10.33990/agronomy12051130

Oyedele, O. F. (2021). Extension of biplot methodology to multivariate regression analysis. Journal of
Applied Statistics, 48(10), 1816-1832. https://doi.org/10.1080/02664763.2020.1779192

Sadabadi, M. F., Ranjbar, G. A., Zangi, M. R,, Tabar, S. K., & Zarini, H. N. (2018). Analysis of stability and
adaptation of cotton genotypes using GGE Biplot method. Trakia Journal of Sciences, 16(1), 51. DOI:
10.15547/tjs.2018.01.009

Torres - Salinas, D., Robinson - Garcia, N., Jiménez - Contreras, E., Herrera, F., & Lopez - Cézar, E. D.
(2013). On the use of biplot analysis for multivariate bibliometric and scientific indicators. Journal
of the American Society for Information Science and Technology, 64(7), 1468-1479.
ttps://doi.org/10.1002/asi.22837

Wang, K.-L,, Yao, S.-W., Liu, Y.-P., & Zhang, L.-N. (2020). A fractal variational principle for the telegraph
equation with fractal derivatives. Fractals, 28(04), 2050058.
https://doi.org/10.1142/S0218348X20500589

XU, N,, Fok, M., Zhang, G.-W,, Jian, L. 1., & ZHOU, Z. (2014). The application of GGE biplot analysis for
evaluat ng test locations and mega-environment investigation of cotton regional trials. Journal of
Integrative Agriculture, 13(9), 1921-1933. https://doi.org/10.1016/S2095-3119(13)60656-5

Yan, W. (2013). Biplot analysis of incomplete two - way data. Crop Science, 53(1), 48-
57.https://doi.org/10.2135/cropsci2012.05.0301

Yan, W. (2019). LG biplot: a graphical method for mega-environment investigation using existing crop
variety trial data. Scientific Reports, 9(1), 7130. DOI: https://doi.org/10.1038/s41598-019-43683-



Sri Maryani, Biplot Analysis Methods for Selecting... 753

9
Yan, W, Cornelius, P. L., Crossa, J., & Hunt, L. A. (2001). Two types of GGE biplots for analyzing multi -
environment trial data. Crop Science, 41(3), 656-663.

https://doi.org/10.2135/cropsci2001.413656x

Yan, W,, & Hunt, L. A. (2001). Interpretation of genotypex environment interaction for winter wheat
yield in Ontario. Crop Science, 41(1), 19-25. https://doi.org/10.2135/cropsci2001.41119x

Yan, W., Hunt, L. A, Sheng, Q., & Szlavnics, Z. (2000). Cultivar evaluation and mega - environment
investigation based on the GGE biplot. Crop  Science, 40(3), 597-605.
https://doi.org/10.2135/cropsci2000.403597x

Yan, W., & Rajcan, 1. (2002). Biplot analysis of test sites and trait relations of soybean in Ontario. Crop
Science, 42(1), 11-20. https://doi.org/10.2135/cropsci2002.1100



