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 In this paper, we provide group recommendations based on each decision 

makers (DMs) in choosing the best type of rice for replanting. This group 

decision support system (GDSS) aims to guide stakeholders who have a role 
in selecting rice types. In this method, we p ropose using technique for order 

preference by similarity to ideal solution (TOPSIS) to rank each DM, Borda 

to rank in groups, and then test it using Spearman's rank correlation to measure 

the relationship between system results and the method applied. The results 

of this study show that DM 1 ranks highest in selecting Gelagai rice seeds with 
a preference of 0.7786. Then DM 2 ranked highest with Ekor Payau rice seeds 

in preference 0.6529. Meanwhile, DM 3 ranked highest in Gelagai rice seeds 

with a selection of 0.7728. The final group voting system uses Borda, where 

Gelagai rice seeds occupy the highest rank with the most accumulated votes 

from each DMs. The best option or the highest rating based on the assessment 
of the three DMs, DM 1 as a farmer is the first rank A10 Gelagai with a score 

of Borda 26 in the decision group selection of superior rice seeds. 
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1. INTRODUCTION 

Rice (Oryza sativa) is a primary staple food providing a larger share of food energy for more 

populations than any other cereal crop [1]. In Indonesia, rice is the main food crop consumed with a relatively 

high need, indicating that daily absorption depends on grain  [2]. The Government of Indonesia continues to 

develop sustainable food self-sufficiency programs by increasing national food security through extension 

programs. One of the instruments is to open new rice fields, but if you look at land in Indonesia, it is still 

dominated by primary forest. The area of new rice fields in Indonesia is 222,442 ha, spread over Sumatra, 

Kalimantan, and Papua Islands [3]. The role of the food and plantation crops sub-sector is quite dominant in 

the growth structure of the agricultural sector, where the rice cultivation sector with world rice production rank 

third after corn and wheat [4]. However, rice is the primary source of carbohydrates for the majority of the 

population in Asia. Until now, the selection of quality rice seeds has been the leading choice in several Asian 

countries, such as Indonesia [2], [3]. The need for grain in Indonesia is essential, considering that in Indonesia, 

currently, many rice variants need to be selected, so it is necessary to choose high-quality rice types for 

development [2], [5].  

https://creativecommons.org/licenses/by-sa/4.0/
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In this paper, we collaborate with the agricultural extension technical implementation unit belonging 

to Muara Bengkal Ilir village government, Muara Bengkal Ulu, Benua Baru, Ngayau, Senambah, and Mulupan 

in East Kalimantan, Indonesia. We see that many variants of rice seeds significantly influence farmers' 

productivity to increase agricultural business, so it is necessary to select high-quality, superior, and local 

sources. This study provides a guide to the sustainability of farmer and government group decision -making for 

the sustainability of agricultural development [1], [3]. A group decision-making model is needed to help solve 

the problem of how to choose quality rice [6]. The group decision support system (GDSS) aims to assist 

stakeholders in providing vital information to produce decisions together [7]. Furthermore, what is needed is 

the process of making group decisions that are carried out anywhere and anytime by stakeholders [8]. Where 

stakeholder involvement is needed for group decision-making involving many people, it is essential for those 

with other interests [9]–[11]. For this group decision model, we propose the technique for order preference by 

similarity to ideal solution (TOPSIS) method for each decision makers (DMs) ranking [12]. Then group 

decisions use Borda so that the decision results of each stakeholder can be used together [13], [14]. The group 

decision model is very appropriate to accommodate the interests of each DMs with different decision -making 

views [15]. This research aims to combine the TOPSIS and Borda methodologies to create a model of a GDSS 

for choosing rice seeds. It used seven parameters, including rice type, rice grains, rice shape, rice color, water, 

fertilizer, and pesticide. 

 

 

2. PROPOSED METHOD  

For this group decision model, we propose the TOPSIS method for each DMs ranking. Then group 

decisions use Borda so that the decision results of each stakeholder can be used together. The group decision 

model is very appropriate to accommodate the interests of each DMs with different decision -making views 

[15]. The stages that we propose can be seen in Figure 1. 

Based on Figure 1, we propose a new method for selecting superior rice grains to enable each 

stakeholder in group decision-making. Here we use three stakeholders in decision-making consisting of DM1 

as a farmer, DM2 non-government organization (NGO), and DM3 government. Furthermore, each DMs gives 

an assessor and weight based on its importance to produce a ranking using the TOPSIS method. From each 

DMs ranking, voting is done using the Borda method to make a group decision. We tested the results of the 

group decisions using the Spearman rank correlation method to find out the ranking difference from the closest 

to the group decision. 

 

 

 
 

Figure 1. The proposed method on the recommendation in GDSS 

 

 

2.1.  TOPSIS  

In this study, we used the TOPSIS method for each ranking of each DMs, and then the results for each 

DMs were analyzed as a group. This method is suitable for integrating each stakeholder because the DMs 

carries out the weighting model [16]. The TOPSIS method in this problem requires a performance rating for 

each alternative A i on each normalized Ci criterion [17], [18] with five stages: 

‒ The first step is determining the normalized 𝑟𝑖𝑗  normalized decision matrix like (1). 

 

𝑟𝑖𝑗 =  
𝑋𝑖𝑗

√∑ 𝑋𝑖𝑗
2𝑚

𝑖 =1

  (1) 
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The value of 𝑖 and 𝑗 are 1, 2,. . . m and 𝑗 = 1, 2,. . . n, respectively. The parameter 𝑚 and 𝑛 present the 

alternatives and criteria or sub criteria. Whereas, the value of 𝑥 𝑖𝑗 indicates the element value of each 

criterion or sub-criteria of the alternative, while 𝑟𝑖𝑗  is the value elements of the normalized matrix. 

‒ Determine the normalized weight of the decision matrix. The criterion weight value is calculated from the 

results of the 𝑦𝑖𝑗  value using the (2). The parameter of 𝑦𝑖𝑗  is the result of the element value of the 

normalized matrix. Meanwhile, 𝑤𝑖  is the preference weight value for each criterion or sub-criterion. 
 

𝑦𝑖𝑗 = 𝑟𝑖𝑗  𝑤𝑖  (2) 

 

‒ Determining the positive ideal solution (PIS) matrix and the negative ideal solution (NIS) matrix can be 

determined based on the normalized weight rating (𝑦𝑖𝑗 ), which can be seen from (3) and (4). Where 𝑦1
+ is 

an element of the PIS matrix, which also uses  𝑦1
− for the NIS matrix element. 

 

𝑃𝐼𝑆 = {𝑦1
+ , 𝑦2

+ ,… , 𝑦𝑗
+  } ,𝑤ℎ𝑒𝑟𝑒  𝑦𝑗

+ =  {
𝑚𝑎𝑥
𝑚𝑖𝑛

(
𝑦𝑖𝑗 |𝑖 = 1,2, … , 𝑚

𝑦𝑖𝑗 |𝑖 = 1,2, … , 𝑚
)

𝑖𝑓 

𝑖𝑓

𝑗
𝑗
∈
∈

𝐽1

𝐽2
 (3) 

 

𝑁𝐼𝑆 =  {𝑦1
− ,𝑦2

− , … , 𝑦𝑗
−  } ,𝑤ℎ𝑒𝑟𝑒 𝑦𝑗

− = { 𝑚𝑖𝑛
𝑚𝑎𝑥

(
𝑦𝑖𝑗 |𝑖 = 1,2, … , 𝑚

𝑦𝑖𝑗 |𝑖 = 1,2, … , 𝑚
)

𝑖𝑓 

𝑖𝑓

𝑗
𝑗
∈
∈

𝐽1

𝐽2
 (4) 

 

‒ Determine the distance between the values of each alternative with the PIS matrix and the NIS matrix. This 

process can be seen in (5) and (6). The parameters of 𝐷𝑖
+  is the alternative distance with the PIS. 

Distance between alternative PIS: 
 

𝐷𝑖
+ =  √∑ (𝑦𝑖

+ −  𝑦𝑖𝑗 )𝑛
𝑗=1 2 (5) 

 

Distance between alternative NIS: 

 

 𝐷𝑖
− =  √∑ (𝑦𝑖𝑗  −  𝑦𝑖

− )𝑛
𝑗 =1 2 (6) 

 

Where 𝐷𝑖
−  is an alternate distance with NIS. 

‒ The preference value for each alternative 𝑉𝑖  can be seen in (7). The parameter of 𝑉𝑖  is the value of a 

preference for each alternative. 
 

𝑉𝑖 = 
𝐷𝑖

−

𝐷𝑖
− + 𝐷𝑖

+  (7)  

 

2.2.  Borda 

Borda is a voting method used in GDSS for single-winner or multiple-winner elections, in which 

voters rank the chosen alternative [19], [20]. Borda determines the winner by giving a certain number of points 

for each alternative according to the rating provided by each voter [13]. The winner is determined from the 

total number of final points for each alternative collected by each voter, with the highest points selected as the 

winner [14]. Before applying the final selection methodology, the purchaser must have this identification 

carried out by experts with a weighted Borda function [21]. 

Each expert gives the order of each. The hypothesis is that there are 𝑛 firms in the firm set, and each 

expert will provide an order for them. Then the score of each company will be given sequentially. The first 

DMs will get a score of 𝑛 -1; similarly, the second one will score 𝑛 -2; and the latter will score zero. 

Furthermore, the total score of each company will be calculated with reference to (8). Finally, potential DMs 

will be taken based on the score of each other DMs [22]. The Borda function is stated as:  

 

𝑓𝐵
(𝑥) = ∑ 𝑁𝑦=𝐴{𝑥} (𝑥 ≻𝑖  𝑦) (8) 

 

 𝐴1 𝐴2  … 𝐴𝑛  row sum 

𝐵 =  

𝐴1

𝐴2

⋮
𝐴𝑏

 |

0
𝑏21

⋮
𝑏𝑛1

 

𝑏12

0
⋮

𝑏𝑛2

 

…
…
⋱
…
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𝑏2𝑛

⋮
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⋮
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 (9) 
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Where 𝑖 and 𝑗 respectively indicate affected clusters and affected clusters, and n is an element of the cluster in 

question. Each calculation step with the Borda method using weighting by the DMs can be carried out by giving 

a value to the first-choice alternative. For the second choice alternative and the value 0 is for the last alternative 

choice. Furthermore, the alternative that has the highest value is the winner [23]. Furthermore, we can calculate 

the integrated weights with TOPSIS. Assume that the weight of variable i in the network layer under variable 

𝑗 in the control layer is 𝑤𝑖𝑗 , and the weight of the control variable 𝑗 under the destination is 𝑤𝑗 , so the integrated 

weight of variable i is stated as  (10). 

 

𝑤𝑖 = 𝑤𝑗 × 𝑤𝑖𝑗   (10) 

 

2.3.  Spearman rank correlation 

Spearman's rank correlation tests the correlation hypothesis with a minimal ordinal variable scale [24]. 

In the Spearman rank correlation test using a data scale for the two correlated variables originating from a 

different scale (ordinal data scale with numerical data scale) or the same (ordinal data scale with ordinal data 

scale) [25]. The formula for Spearman's rank correlation can be seen in (11). 
 

𝑟𝑠 = 1 − 
6 ∑ 𝐷2

𝑛(𝑛2−1)
  (11) 

 

The parameter of 𝑟𝑠  is the result of the Spearman rank correlation coefficient. Meanwhile, D 

parameter is the difference in rank for each n sample of data used. As for knowing the level of correlation 

strength between two variables, the Spearman rank correlation method provid es criteria for the level of 

correlation strength, consisting of very low, fair, strong, very strong, and excellent with the scale value of 0.00-

0.25, 0.26-0.50, 0.51-0.75, 0.76-0.99, and 1, respectively. 

 

2.4.  Criteria weight data and alternatives 

Data design was used to determine criteria and alternatives so that they become parameters in group 

decision-making. Furthermore, this study used ten rice alternatives in the village. The rice consists of national 

and local rice quality, which have been grouped based on the quality of the required criteria. This study used 

seven parameters as the judging criteria (Ci) including, rice type (C1), rice grains (C2), rice shape (C3), rice 

color (C4), water (C5), fertilizer (C6), and pesticide (C7). In designing criteria and alternatives to be used as 

variables in determining superior rice seeds in the Muara Bengkal District, the rice data set as a reference in 

this study which can be seen in Table 1. 
 

 

Table 1. Rice data sets 

Ai. Alternative 
Criteria (Ci) 

C1 C2  C3  C4  ⋯ C7  

 A1 Rice seeds of IR64 excellent half contain oval chocolate ⋯ 2 times 
A2 Rice seeds of Ciherang excellent half contain fat chocolate ⋯ 3 times 

A3 Rice seeds of Raja Lele excellent contain fat oval chocolate ⋯ 3 times 
A4 Rice seeds of Serai local rice contain oval dark yellow ⋯ 1 times 

A5 Rice seeds of Sarti excellent empty fat dark yellow ⋯ 3 times 

A6 Rice seeds of Elpi local rice contain fat chocolate ⋯ 1 times 
A7 Rice seeds of Kunyit  local rice contain oval light yellow ⋯ 2 times 

A8 Rice seeds of Ekor Payau excellent half contain fat oval dark yellow ⋯ 1 times 
A9 Rice seeds of Pahu local rice contain fat chocolate ⋯ 2 times 

A10 Rice seeds of Gelagai local rice contain fat oval light yellow ⋯ 2 times 

 

 

The weight is determined, determining each criterion weight based on its level of importance 

according to the DMs. The weight values of each criterion—5, 3, and 2—represent the corresponding variables 

of very good, good, and poor, respectively. Each criterion has a weight value so that each DMi can use it in 

assigning criteria weights. Each DM i consists of farmers as DM1, NGO as DM2, and government DM3. 

Furthermore, to find out the final ranking of each DMs, we use the TOPSIS method based on the subjective 

weight of each DMs, as seen in Table 2. 

 
 

Table 2. Criteria weight of each DMs 
DMs C1 C2 C3 C4 C5 C6 C7 

Farmer (DM1) 3 5 5 2 5 3 2 
NGO (DM2) 3 3 2 3 5 5 2 
Goverment (DM3) 5 3 2 5 5 3 2 
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3. RESULTS AND DISCUSSION  

3.1.  Decision matrix results  

In this paper, the first stage of generating formed a decision matrix. It was the decision matrix based 

on the data set in Table 2. The value has been converted to sub-criteria values, as presented in Table 3. 

 

 

Table 3. Decision matrix 
Ai Alternative C1 C2 C3 C4 C5 C6 C7 

A1 Rice of IR64 5 3 1 1 5 1 3 
A2 Rice of Ciherang 5 3 3 1 3 5 1 
A3 Rice of Raja Lele 5 5 5 1 5 3 1 

A4 Rice of Serai 3 5 1 5 1 3 5 
A5 Rice of Sarti 5 1 3 5 3 1 1 
A6 Rice of Elpi 3 5 3 1 3 3 5 
A7 Rice of Kunyit  3 5 1 3 1 5 3 

A8 Rice of Ekor Payau 5 3 5 5 1 5 5 
A9 Rice of Pahu 3 5 3 1 3 3 3 
A10 Rice of Gelaigai 3 5 5 3 5 1 3 

Sum of square roots 13,0384 13,3416 10,6770 9,8994 10,6770 10,6770 10,6770 

 

 

3.2.  Determine the normalized decision matrix 

This step generated the normalized decision matrix results using  (1). It was obtained by dividing the 

elements per column of the decision matrix with the square root results from Table 4. Based on the results 

acquired by calculations that form 𝑟𝑖𝑗  or normalized decision matrices as shown in Table 5.  

 

𝑟11 = 
1

13.0384
= 0.3835   𝑟12 = 

3

13.3416
= 0.2249   … 𝑟107 =  

3

10.6770
= 0.2810  

 

 

Table 4. Matrix of PIS and NIS 
 𝐶1 𝐶2 𝐶3 𝐶4 𝐶5 𝐶6 𝐶7 

PIS+ 1.1504 1.1243 0.9366 1.5152 2.3415 2.3415  0.9366  
NIS- 0.6903 0.2249 0.1873 0.3030 0.4683 0.4683 0.1873 

 

 

Table 5. Normalized decision matrix 
Ai Alternative C1 C2 C3 C4 C5 C6 C7 

A1 Rice of IR64 0.3835 0.2249 0.0937 0.1010 0.4683 0.0937 0.2810 
A2 Rice of Ciherang 0.3835 0.2249 0.2810 0.1010 0.2810 0.4683 0.0937 
A3 Rice of Raja Lele 0.3835 0.3748 0.4683 0.1010 0.4683 0.2810 0.0937 

A4 Rice of Serai 0.2301 0.3748 0.0937 0.5051 0.0937 0.2810 0.4683 

A5 Rice of Sarti 0.3835 0.0750 0.2810 0.5051 0.2810 0.0937 0.0937 
A6 Rice of Elpi 0.2301 0.3748 0.2810 0.1010 0.2810 0.2810 0.4683 
A7 Rice of Kunyit  0.2301 0.3748 0.0937 0.3030 0.0937 0.4683 0.2810 
A8 Rice of Ekor Payau 0.3835 0.2249 0.4683 0.5051 0.0937 0.4683 0.4683 

A9 Rice of Pahu 0.2301 0.3748 0.2810 0.1010 0.2810 0.2810 0.2810 
A10 Rice of Gelaigai 0.2301 0.3748 0.4683 0.3030 0.4683 0.0937 0.2810 

 

 

3.3.  Determine weighted normalized decision matrix 

The weighted decision matrix was determined using (2). It was calculated by multiplying the elements 

𝑟𝑖𝑗  in Table 5 with 𝑊𝑖𝑗 . Table 6 shows the weight of each DMs for the following findings. The calculations 

yield a weighted normalized decision matrix, as shown in Table 6.  

 

𝑦11 = 0.3835 ∗ 3 =  1.1504; 𝑦12 = 0.2249 ∗ 3 =  0.6746 ; … 𝑦107 = 0.2810 ∗ 2 = 0.5620 

 

3.4.  Determine the positive ideal solution matrix and the negative ideal solution matrix 

The positive and NIS were determined using (3) and (4), respectively. Those were implemented to 

find the maximum and minimum values per column of the weighted normalized decision matrix based on  

Table 6. The results are presented in Table 4. The PIS distance (𝐷i
+) was performed using (5). Based on the 

results of the PIS distances carried out, a PIS distance matrix is formed, as shown in Table 7. The (6) was used 
to get the NIS distance (𝐷i

−). Table 8 shows NIS distance. 
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𝐷1
+  √

(1.1504 − 1.1504) 2 + (1.1243 − 0.6746) 2 + (0.9366 − 0.1873) 2 + (1.5152 −

0.3030)2 + (2.3415 − 2.3415) 2 + (0.4683 − 0.4683)2 + (0.1873 − 0.5620)2 
= 1.5406    

 

𝐷2
+  √

(1.1504 − 1.1504) 2 + (1.1243 − 0.6746) 2 + (0.9366 − 0.5620) 2 + (1.5152 −

 0.3030)2 + (2.3415 − 1.4049)2 + (0.4683 − 2.3415 )2 + (0.1873 − 0.1873)2 
= 2.4896  

⋮ 

𝐷4
+  √

(1.1504 − 0.6903) 2 + (1.1243 − 1.1243) 2 + (0.9366 − 0.9366) 2 + (1.5152 −

0.9091)2 + (2.3415 − 2.3415) 2 + (0.4683 − 0.4683)2 + (0.1873 − 0.5620)2 
= 0.8482  

 

𝐷1
−  √

(1.1504 − 0.6903) 2 + (0.6746 − 0.2249) 2 + (0.1873 − 0.1873) 2 + (0.3030 −

0.3030)2 + (2.3415 − 0.4683)2 + (0.4683 − 2.3415)2 + (0.5620 − 0.9366)2 = 2.7517    

⋮ 

𝐷10
−  √

(0.6903 − 0.6903)2 + (1.1243 − 0.2249)2 + (0.9366 − 0.1873)2 + (0.9091 −

0.3030 )2 + (2.3415 − 0.4683)2 +  (0.4683 − 2.3415)2 + (0.5620 − 0.9366)2 = 2.9826  

 
 

Table 6. Weighted normalized decision matrix 
Ai Alternative C1 C2 C3 C4 C5 C6 C7 

A1 Rice of IR64 1.1504 0.6746 0.1873 0.3030 2.3415 0.4683 0.5620 
A2 Rice of Ciherang 1.1504 0.6746 0.5620 0.3030 1.4049 2.3415 0.1873 

A3 Rice of Raja Lele 1.1504 1.1243 0.9366 0.3030 2.3415 1.4049 0.1873 
A4 Rice of Serai 0.6903 1.1243 0.1873 1.5152 0.4683 1.4049 0.9366 
A5 Rice of Sart i 1.1504 0.2249 0.5620 1.5152 1.4049 0.4683 0.1873 

A6 Rice of Elpi 0.6903 1.1243 0.5620 0.3030 1.4049 1.4049 0.9366 
A7 Rice of Kunyit  0.6903 1.1243 0.1873 0.9091 0.4683 2.3415 0.5620 
A8 Rice of Ekor Payau 1.1504 0.6746 0.9366 1.5152 0.4683 2.3415 0.9366 

A9 Rice of Pahu 0.6903 1.1243 0.5620 0.3030 1.4049 1.4049 0.5620 
A10 Rice of Gelaigai 0.6903 1.1243 0.9366 0.9091 2.3415 0.4683 0.5620 

 

 

Table 7. PIS distance matrix 
Ai Alternative 𝐶1 𝐶2 𝐶3 𝐶4 𝐶5 𝐶6 𝐶7 D+ 

A1 Rice of IR64 0.0000 0.2022 0.5614 1.4694 0.0000 0.0000 0.1404 1.5406 
A2 Rice of Ciherang 0.0000 0.2022 0.1404 1.4694 0.8772 3.5088 0.0000 2.4896 
A3 Rice of Raja Lele 0.0000 0.0000 0.0000 1.4694 0.0000 0.8772 0.0000 1.5319 
A4 Rice of Serai 0.2118 0.0000 0.5614 0.0000 3.5088 0.8772 0.5614 2.3918 

A5 Rice of Sarti 0.0000 0.8090 0.1404 0.0000 0.8772 0.0000 0.0000 1.3515 
A6 Rice of Elpi 0.2118 0.0000 0.1404 1.4694 0.8772 0.8772 0.5614 2.0340 
A7 Rice of Kunyit  0.2118 0.0000 0.5614 0.3673 3.5088 3.5088 0.1404 2.8807 
A8 Rice of Ekor Payau 0.0000 0.2022 0.0000 0.0000 3.5088 3.5088 0.5614 2.7895 

A9 Rice of Pahu 0.2118 0.0000 0.1404 1.4694 0.8772 0.8772 0.1404 1.9278 
A10 Rice of Gelaigai 0.2118 0.0000 0.0000 0.3673 0.0000 0.0000 0.1404 0.8482 

 

 

Table 8. NIS matrix 
Ai Alternative C1 C2 C3 C4 C5 C6 C7 D- 

A1 Rice of IR64 0.2118 0.2022 0.0000 0.0000 3.5088 3.5088 0.1404 2.7517 

A2 Rice of Ciherang 0.2118 0.2022 0.1404 0.0000 0.8772 0.0000 0.5614 1.4117 
A3 Rice of Raja Lele 0.2118 0.8090 0.5614 0.0000 3.5088 0.8772 0.5614 2.5553 
A4 Rice of Serai 0.0000 0.8090 0.0000 1.4694 0.0000 0.8772 0.0000 1.7764 
A5 Rice of Sarti 0.2118 0.0000 0.1404 1.4694 0.8772 3.5088 0.5614 2.6017 

A6 Rice of Elpi 0.0000 0.8090 0.1404 0.0000 0.8772 0.8772 0.0000 1.6443 
A7 Rice of Kunyit  0.0000 0.8090 0.0000 0.3673 0.0000 0.0000 0.1404 1.1475 
A8 Rice of Ekor Payau 0.2118 0.2022 0.5614 1.4694 0.0000 0.0000 0.0000 1.5636 
A9 Rice of Pahu 0.0000 0.8090 0.1404 0.0000 0.8772 0.8772 0.1404 1.6864 

A10 Rice of Gelaigai 0.0000 0.8090 0.5614 0.3673 3.5088 3.5088 0.1404 2.9826 

 

 

3.5.  Determining the preference value for each alternative 

Determine the preference value (𝑉𝑖 ) was determined using (7). The distance of the NIS was divided 

by the distance of the NIS plus the distance of the PIS. Based on the steps of the TOPSIS method that have 
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been carried out, the results of calculating preferences regarding each DMs are presented in Table 9. The results 

of preference values based on NGO calculations (DM2) and government calculations (DM3) in Table 9.  

 

𝑉1 =
2.7517

2.7517 +1.5406
= 0.6411; 𝑉2 =

1.4117

1.4117+2.4896
= 0.3519; … 𝑉10 =

2 .9826

2.9826+0.8482
=  0.7789 

 

 

Table 9. Preference value of 𝐷𝑀1, 𝐷𝑀2 , and 𝐷𝑀3  
𝐷𝑀1 𝐷𝑀2  𝐷𝑀3  

Ai Preference  Ranking Ai Preference Ranking Ai Preference Ranking 

A10 0.7789 1 A8 0.6529 1 A10 0.7228 1 

A5 0.6581 2 A10 0.5743 2 A5 0.6287 2 
A1 0.6411 3 A3 0.5529 3 A4 0.5197 3 
A3 0.6252 4 A4 0.5474 4 A3 0.5180 4 
A9 0.4666 5 A9 0.5463 5 A1 0.4893 5 

A6 0.4470 6 A6 0.5263 6 A8 0.4708 6 
A4 0.4262 7 A7 0.5170 7 A9 0.4182 7 
A2 0.3619 8 A5 0.5131 8 A6 0.4033 8 
A8 0.3592 9 A2 0.4607 9 A7 0.3856 9 

A7 0.2849 10 A1 0.3377 10 A2 0.3329 10 

 

 

3.6.  Application of the borda method 

After calculating the TOPSIS method, in order to get the ranking results of su perior rice seeds from 

each DMs, apply the Borda method to get the final result as a group decision. To get a group decision, you can 

use the ranking from TOPSIS for each DMs multiplied by the Borda score. The Borda weight is the amount of 

data (𝑛) − 1 for the first alternative, 𝑛 − 2 for the second alternative, and 0 for the last alternative, then added 

up for each alternative. The matrix of calculation results and rankings using the Borda method can be seen in 

Table 10. Multiplication and addition are done in the following: 

 
𝐴1 = (0 ∗ 9) + (0 ∗ 8) + (1 ∗ 7) + (0 ∗ 6) + (1 ∗ 5) + (0 ∗ 4) + (0 ∗ 3) + (0 ∗ 2) + (0 ∗ 1) + (1 ∗ 0) = 12  

 

𝐴2 = (0 ∗ 9) + (0 ∗ 8) + (0 ∗ 7) + (0 ∗ 6) + (0 ∗ 5) + (0 ∗ 4) + (0 ∗ 3) + (1 ∗ 2) + (1 ∗ 1) + (1 ∗ 0) = 3  

⋮ 
A10 = (2 ∗ 9) + (1 ∗ 8) + (0 ∗ 7) + (0 ∗ 6) + (0 ∗ 5) + (0 ∗ 4) + (0 ∗ 3) + (0 ∗ 2) + (0 ∗ 1) + (0 ∗ 0) = 26  

 

The results of Table 10 show that the Borda score and the Borda method ranking based on the results 

of the group decision serve as an alternative. The best option or the highest rating is based on assessing the 

three DMs from DMs. The DM1 as a farmer is the first rank A10 Gelagai with a score of Borda 26. The 

following, the second rank A3 Raja Lele with a score of Borda 19, the third rank A5 Sarti with a value of 18, 

and the last rank in the decision group selection of superior rice seeds is A 2 Ciherang with a value of 3. 

 

 

Table 10. Borda calculation results   

Ai Alternative 
TOPSIS rating results 

Borda score Ranking 
1 2 3 4 5 6 7 8 9 10 

A1 Rice of IR64   1  1     1 12 7 

A2 Rice of Ciherang        1 1 1 3 10 
A3 Rice of Raja Lele   1 2       19 2 
A4 Rice of Serai   1 1   1    16 4 
A5 Rice of Sarti  2      1   18 3 

A6 Rice of Elpi      2  1   10 8 
A7 Rice of Kunyit        1  1 1 4 9 
A8 Rice of Ekor Payau 1     1   1  14 5 
A9 Rice of Pahu     2  1    13 6 

A10 Rice of Gelagai 2 1         26 1 
 Borda's weight  9 8 7 6 5 4 3 2 1 0   

 

 

Method testing is carried out to measure how strong the correlation between system results and actual 

data. It was performed using (11). Calculations were carried out regarding ten alternative data choices. Starting 

with calculating the correlation between group results and system results, then calculating the correlation 

between each DMs and system results. The auxiliary table obtained from the Spearman rank correlation test 

and the corerelation results can be seen in Tables 11 and 12. 
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After using Spearman's rank correlation analysis, calculation results obtained rs=0.176 and compared 

to the correlation in Table 6, shows a deficient correlation strength for group decisions. Then the same test was 

carried out for each DMs to obtain the conclusion of the Rank spearman correlation results as in Table 12. The 

results of the Spearman rank correlation calculations carried out for group decisions, and each DM s obtains a 

level of correlation strength, namely, DM1=0.055 indicates a meager correlation strength, DM2=0.442 shows a 

reasonably muscular correlation strength. In contrast, DM3=0.067 indicates an insufficient correlation strength. 

 

 

Table 11. Spearman rank correlation test 
Ai Alternative System-based group decision (X) Actual data (Y) D D

2
 

A1 Rice of IR64 7 5 2 4 

A2 Rice of Ciherang 10 8 2 4 

A3 Rice of Raja Lele 2 6 -4 16 
A4 Rice of Serai 4 7 -3 9 
A5 Rice of Sarti 3 10 -7 49 

A6 Rice of Elpi 8 9 -1 1 
A7 Rice of Kunyit  9 3 6 36 
A8 Rice of Ekor Payau 5 4 1 1 
A9 Rice of Pahu 6 2 4 16 

A10 Rice of Gelaigai 1 1 0 0 
∑d

2
 136 

 

 

Table 12. Spearman rank correlation results  
No. Decision 6 ∑d

2
 n(n

2
-1) 6 ∑d2/n(n2-1) rs 

1. Group 816 990 0.82424 0.176 

2. Farmer (DM1) 936 990 0.94545 0.055 
3. NGO (DM2) 552 990 0.55757 0.442 
4. Goverment (DM3) 924 990 0.93333 0.067 

 

 

4. CONCLUSION 

The results of this paper, the TOPSIS and Borda methods, were successfully applied to the GDSS 

concept. The highest index value for each DM using the TOPSIS method was obtained, DM1 in the highest 

rank was Gelagai seeds with a value of 0.7786, DM2 in the highest rank was Ekor Payau seeds of 0.6529 and 

DM3 ranked highest were Gelagai seeds of 0.7728. The Borda method can determine group decisions with a 

voting system in which Gelagai seeds are ranked highest with the most accumulated votes. The test results to 

calculate the difference in ranking using Spearman rank correlation yield DM2 showing a reasonably strong 

correlation relationship, so the results in the DM1 and DM2 group decisions show meager correlation results. 

For further research, we propose creating a multi-group decision model that involves more complex groups 

and provides tiered decisions . 

 

 

ACKNOWLEDGEMENTS   

The author would like to thank the Faculty of Engineering, Universitas Mulawarman, Samarinda, 

Indonesia, for funding the research in 2023 (Grant No. 6867/UN17.9/PT.00.03/2023). 
 

 

REFERENCES 
[1] B. M. -García, E. Coronel, C. W. Reavis, K. Suvočarev, and B. R. K. Runkle, “Environmental sustainability assessment of rice management 

practices using decision support tools,” Journal of Cleaner Production, vol. 315, Sep. 2021, doi: 10.1016/j.jclepro.2021.128135.  
[2] T . Sitaresmi et al., “Advances in the development of rice varieties with better nutritional quality in Indonesia,” Journal of 

Agriculture and Food Research , vol. 12, Jun. 2023, doi: 10.1016/j.jafr.2023.100602.  
[3] M. Hatta et al., “Food self-sufficiency: managing the newly-opened tidal paddy fields for rice farming in Indonesia (a case study in 

West Kalimantan, Indonesia),” Heliyon, vol. 9, no. 3, Mar. 2023, doi: 10.1016/j.heliyon.2023.e13839.  
[4] A. Qadir et al., “Commercial rice seed production and distribution in Indonesia,” Heliyon, vol. 10, no. 3, pp. 1-10, 2024, doi: 

10.1016/j.heliyon.2024.e25110.  
[5] N. A. Hadiwijaya, H. Hamdani, A. Syafrianto, and Z. Tanjung, “The decision model for selection of tourism site using analytic 

network process method,” International Journal of Intelligent Systems and Applications, vol. 10, no. 9, pp. 23–31, Sep. 2018, doi: 
10.5815/ijisa.2018.09.03. 

[6] A. Müller et al., “Rice drying, storage and processing: effects of post -harvest operations on grain quality,” Rice Science, vol. 29, 
no. 1, pp. 16–30, Jan. 2022, doi: 10.1016/j.rsci.2021.12.002. 

[7] S. M. Ghavami, M. Taleai, and T . Arentze, “An intelligent web-based spatial group decision support system to investigate the role of the 
opponents’ modeling in urban land use planning,” Land Use Policy, vol. 120, Sep. 2022, doi: 10.1016/j.landusepol.2022.106256. 

[8] J. Carneiro, P. Alves, G. Marreiros, and P. Novais, “Group decision support systems for current times: overcoming the challenges 
of dispersed group decision-making,” Neurocomputing, vol. 423, pp. 735–746, Jan. 2021, doi: 10.1016/j.neucom.2020.04.100. 



      ISSN: 2252-8938 

Int J Artif Intell, Vol. 13, No. 3, September 2024: 2656-2665 

2664 

[9] T . Bao, Y. Liu, Z. Yang, S. Wu, and Z. Yan, “Evaluating sustainable service quality in higher education from a multi-stakeholder 
perspective: an integrated fuzzy group decision-making method,” Socio-Economic Planning Sciences, vol. 92, pp. 1-22, 2024, doi: 
10.1016/j.seps.2024.101849. 

[10] A. K. Gerlak et al., “Stakeholder engagement in the co-production of knowledge for environmental decision-making,” World 
Development, vol. 170, pp. 1-17, Oct 2023, doi: 10.1016/j.worlddev.2023.106336. 

[11] J. G. -Martínez, B. C. -Loeza, J. M. P. -Ortega, and L. F. F. -Cortés, “Water–energy–food nexus analysis: a multi-stakeholder 

alliance-based framework,” Chemical Engineering and Processing - Process Intensification, vol. 197, pp. 1-11, 2024, doi: 
10.1016/j.cep.2024.109703. 

[12] H. Hamdani, R. Wardoyo, K. Mustofa, “A method of weight update in group decision- making to accommodate the interests of all 
the decision makers,” International Journal of Intelligent Systems and Applications, vol. 9, no. 8, Aug. 2017, pp. 1-10, doi: 

10.5815/ijisa.2017.08.01. 
[13] C. Z. Radulescu, M. Radulescu, and R. Boncea, “A hybrid group weighting method based on the Borda and the group best worst 

method with application for digital development indicators,” Procedia Computer Science, vol. 214, pp. 10–17, 2022, doi: 
10.1016/j.procs.2022.11.142. 

[14] C. Herrero and A. Villar, “Group decisions from individual rankings: the Borda–condorcet rule,” European Journal of Operational 
Research, vol. 291, no. 2, pp. 757–765, Jun. 2021, doi: 10.1016/j.ejor.2020.09.043. 

[15] H. Hamdani, R. Wardoyo, and K. Mustofa, “A method of weight update in group decision-making to accommodate the interests of 
all the decision makers,” International Journal of Intelligent Systems and Applications, vol. 9, no. 8, pp. 1–10, Aug. 2017, doi: 

10.5815/ijisa.2017.08.01. 
[16] J. A. P. Amorocho and T . Hartmann, “A multi-criteria decision-making framework for residential building renovation using pairwise 

comparison and TOPSIS methods,” Journal of Building Engineering , vol. 53, Aug. 2022, doi: 10.1016/j.jobe.2022.104596. 

[17] R. Susmaga, I. Szczęch, and D. Brzezinski, “Towards explainable TOPSIS: visual insights into the effects of weights and 
aggregations on rankings,” Applied Soft Computing Journal, vol. 153, Mar. 2024, doi: 10.1016/j.asoc.2024.111279. 

[18] B. Yang, J. Zhao, and H. Zhao, “A robust method for avoiding rank reversal in the TOPSIS,” Computers & Industrial Engineering, 
vol. 174, Dec. 2022, doi: 10.1016/j.cie.2022.108776.  

[19] B. Moreno, and P. Salmaso, “The Borda and condorcet winners coincide for lexicographic preferences,”Economics Letters, vol. 
238, May 2024, doi: 10.1016/j.econlet.2024.111704.  

[20] M. Mahajne and O. Volij, “Pairwise consensus and the Borda rule,” Mathematical Social Sciences, vol. 116, pp. 17–21, Mar. 2022, 
doi: 10.1016/j.mathsocsci.2021.12.001. 

[21] Y. Fua, and M. Zhanga, “Research on credit portfolio evaluation of metaverse listed companies based on the fuzzy borda method,” 
9th International Conference on Information Technology and Quantitative Management , Procedia Computer Science, vol. 214, 
2022, pp. 1309-1316, doi: 10.1016/j.procs.2022.11.310  

[22] S. Firouzi, M. S. Allahyari, M. Isazadeh, A. Nikkhah, and S. V. Haute, “Hybrid multi-criteria decision-making approach to select 

appropriate biomass resources for biofuel production,” Science of The Total Environment, vol. 770, doi: 
10.1016/j.scitotenv.2020.144449. 

[23] C. Z. Radulescua, M. Radulescub, and R. Bonceaa, “A hybrid group weighting method based on the borda and the group best worst 
method with application for digital development indicators,” 9th International Conference on Information Technology and 

Quantitative Management, Procedia Computer Science , vol. 214, 2022, pp. 10-17, doi: 10.1016/j.procs.2022.11.142. 
[24] A. Heinen and A. Valdesogo, “Spearman rank correlation of the bivariate Student t  and scale mixtures of normal distributions,” 

Journal of Multivariate Analysis, vol. 179, Sep. 2020, doi: 10.1016/j.jmva.2020.104650.  

[25] B. Wang, R. Wang, and Y. Wang, “Compatible matrices of Spearman’s rank correlation,” Statistics & Probability Letters, vol. 151, 
pp. 67–72, Aug. 2019, doi: 10.1016/j.spl.2019.03.015. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Hamdani     is a professor in Department of Informatics at Mulawarman 

University, Indonesia. He holds a Bachelor of Engineering in Informatics, Master of 

Computer Science in 2009, and Ph.D. in Department of Computer Science and Electronics 

Gadjah Mada University in 2018, besides several professional certificates and international 
skills. He is a member of the Institute of Electrical and Electronics Engineers (IEEE) and 

Indonesian Computer, Electronics, and Intrumentation Support Society (IndoCEISS). His 

research areas of interest are group decision support system/decision model, social networks 

analysis, intelligent system, and information security. He can be contacted at email: 

hamdani@unmul.ac.id. 

  

 

Masna Wati     holds a Bachelor of Science in Mathematics Science and a Master 

of Engineering in Informatics Engineering from Hasanuddin University, Indonesia. She has 

lectured in the Department of Informatics at Mulawarman University, Indonesia, since 2014. 
She is a member of the Indonesia Society of Engineers and the Institute of Electrical and 

Electronics Engineers (IEEE). Her research areas of interest include machine learning, smart 

systems, and data science. She can be contacted at email: masnawati@fkti.unmul.ac.id. 

  

https://orcid.org/0000-0002-4255-7662
https://scholar.google.co.id/citations?user=QvdfVTAAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57203791510
https://www.webofscience.com/wos/author/record/KAL-7042-2024
https://orcid.org/0000-0002-1377-1344
https://scholar.google.com/citations?user=UjK8tNMAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57201076074
https://www.webofscience.com/wos/author/record/1856803


Int J Artif Intell  ISSN: 2252-8938  

 

Recommendation method for selecting the rice seeds based on group decision … (Hamdani) 

2665 

 

Didit Suprihanto     holds a Bachelor of Engineering in Informatics Engineering, 

Master of Information System, Ph.D. in Department of Computer Science and Electronics 

Gadjah Mada University, besides several professional certificates and skills. He is currently 
lecturing with the Department of Electronics Engineering at Mulawarman University, 

Samarinda, Indonesia. He is a member of the Indonesian Computer, Electronics, and 

Intrumentation Support Society (IndoCEISS). His research areas include computer networks 

security, e-Government related issues, and security assessment. He can be contacted at email: 

didit.suprihanto@ft.unmul.ac.id. 

  

 

Nur Maya Salsabila     is a student of informatics. His research areas of interest 

decision support system, artificial intelligent, and social informatics. She can be contacted at 
email: salsabilanur951@gmail.com. 

  

 

Anindita Septiarini     is a professor in Department of Informatics at Mulawarman 
University, Indonesia. She holds a Doctoral degree in Computer Science from Gadjah Mada 

University, Indonesia, specializing in image analysis. She is also a researcher and got a grant 

from the Ministry of Education, Culture, Research, and Technology of Indonesia from 2016 

until the present. Her research interests lie in artificial intelligence, especially image 

processing and computer vision. She held several administrative posts with the Department 
of Informatics, Mulawarman University, Indonesia, from 2018 to 2020, including the head 

of department and the head of laboratory. She can be contacted at email: 

anindita@unmul.ac.id. 

  

 

Dita Nurmadewi     obtained her Bachelor's degree in Computer Science with a 
focus on Information Systems in 2016, and Master's degree in Computer Science in 2021. 

Currently, she teaches at the Department of Information Systems, Bakrie University, 

Indonesia. In addition to her role as a lecturer, she also serves as the Head of IT Operational 

and Labs at Bakrie University. She is a member of the APTIKOM and AISINDO 
Associations. Her research interests include decision support systems, data science, enterprise 

systems, business process management, and software engineering. She can be contacted at 

email: dita.nurmadewi@bakrie.ac.id. 

  

 

Viny Christanti Mawardi     is a lecturer of Information Technology graduated 

from Master of Computer Science Universitas Indonesia. Her research fields are information 

retrieval and natural language processing. In her 17 years as a lecturer at Tarumanagara 

University, she is experienced in research and community engagements in various fields that 
implement IT in daily life. In the last 5 years, she focuses on using information technology 

to create innovations in the field of education, such as creating spelling correction and making 

Chatbot in Indonesian language. Her research was then implemented in society, especially in 

the field of education. Her interest is creating applications related to chatbot and sentiment 

analysis in Indonesian language. She can be contacted at email: vinym@fti.untar.ac.id.  

 

https://orcid.org/0000-0001-6470-2464
https://scholar.google.com/citations?view_op=list_works&hl=id&user=cj-ENo4AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57203962641
https://www.webofscience.com/wos/author/record/GNP-8482-2022
https://orcid.org/0009-0005-4531-1560
https://www.scopus.com/authid/detail.uri?authorId=57217247169
https://www.webofscience.com/wos/author/record/KAL-8083-2024
https://orcid.org/0000-0001-9758-5807
https://scholar.google.co.id/citations?user=lou9hckAAAAJ&hl=id&authuser=2
https://www.scopus.com/authid/detail.uri?authorId=56530676100
https://www.webofscience.com/wos/author/record/1607592
https://orcid.org/0000-0001-8718-2393
https://scholar.google.com/citations?hl=en&user=H_nKZYkAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57214694099
https://www.webofscience.com/wos/author/record/IQU-0690-2023
https://orcid.org/0000-0001-6260-406X
https://scholar.google.com/citations?hl=en&user=hayqUI0AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56771567200
https://www.webofscience.com/wos/author/record/GOP-2809-2022

