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Abstract 

The purpose of this work was to develop and apply a Fuzzy Weighted Aggregated Sum Product 

Assessment (F-WASPAS) method in ranking selected crops for agro-processing at Ikondo 

Ward in Njombe Region, Tanzania. The fuzzy technique for order preferences by similarity to 

ideal solution (TOPSIS) was applied in determining the fuzzy importance weights of criteria, 

while the fuzzy WASPAS successfully ranked the crops, and maize was ranked the highest. 

 

Keywords: F-WASPAS, Linguistic variables, Fuzzy aggregation, Agro-processing, Decision 
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Introduction 

The environment in which people live is 

usually full of issues that require selecting 

and/or prioritizing the best among the 

available or infinite number of alternatives or 

possible options. Thus ranking or/and 

optimising is essential, and in that case, 

decision making is required. Decision making 

can simply mean selecting or choosing the 

course of action or direction among possible 

alternatives. Decision-making is found in 

various fields (Setyawan et al. 2017), and is a 

complex process with multiple and usually 

conflicting criteria or objectives (Turskis et 

al. 2015). Each alternative or option to a 

certain extent may suit (or not suit) some 

criteria that influence selection as Sabaei et al. 

(2015) wrote, "Often none of the alternatives 

fit perfectly to achieve goals". The decision 

making process that involves many criteria is 

termed Multi-Criteria Decision Making 

(MCDM). 

There are several Multi-Criteria Decision 

Making (MDCM) methods already proposed 

by previous researchers and others that may 

be developed (Chakraborty and Zavadskas 

2014). When these methods are applied, it is 

common to find multiple and usually 

conflicting criteria in planning, and 

particularly in decision-making processes 

(Rodcha et al. 2019). MCDM methods give 

methodological as well as logical procedures 

that at the same time use preferences of 

decision-makers on criteria and alternatives in 

order to obtain the optimum alternative 

(Chakraborty and Zavadskas 2014). MCDM 

is a modelling and methodological tool to 

deal with complex decision making-problems 

(Rouyendegh and Erkan 2012). It is a 

Mathematical way of making a decision 

(Dhiman et al. 2019). The development of 

MCDM modelling as a discipline is closely 

related to advances in computer technology 

(Srisawat and Payakpate 2016). Singh and 

Malik (2014) provide areas where MCDM is 

applied, such as in education, management, 

manufacturing, transportation, planning, 

medical, agriculture, logistics, control 

systems and other fields of engineering where 

selection, ranking and alternatives evaluation 

https://dx.doi.org/10.4314/tjs.v47i5.29
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is required. Singh and Malik (2014) also 

categorise MCDM into multi-attribute 

decision-making (MADM) that is also known 

as discrete MCDM (Puertas et al. 2020) and 

multi-objective decision-making (MODM). 

MODM is a continuous MCDM or multi-

objective optimisation problems (MOOPs) 

(Puertas et al. 2020). MODM uses tools such 

as goal programming, multiple objective 

programming, and compromise solution 

methods, while tools like AHP and TOPSIS 

(classical or fuzzy) are for MADM. MADM 

involves selecting the best alternative from a 

pre-specified set of alternatives evaluated in 

terms of multiple criteria or attributes, while 

MODM requires obtaining the best 

alternative/alternatives that optimise the 

multiple objectives from an infinite number of 

alternatives or options. 

The Weighted Aggregated Sum Product 

Assessment (WASPAS), one of the recently 

developed MCDM methods was originally 

developed by Zavadskas et al. in 2012 (Stojić 

et al. 2018). The WASPAS method permits 

evaluating and ranking the alternatives with 

higher order of reliability and consistency.  

WASPAS method mainly makes use of 

two methods; the Weighted Sum Method 

(WSM) and the Weighted Product Method 

(WPM) (Petrović et al. 2019). WASPAS 

method is one of the most efficient decision-

making methods applied in several areas like 

engineering and managerial fields 

(Keshavarz-Ghorabaee et al. 2020). WASPAS 

method has been extended for many decision-

making problems under different fuzzy 

policies and Badalpur and Nurbakhsh (2019) 

commended WASPAS as a capable and more 

accurate method compared to other stand-

alone WSM or WPM methods for ranking 

alternatives.  

Several studies on different crops and 

plants employing WASPAS or F-WASPAS 

method have been presented. For example, 

WASPAS is used in different areas for 

solving MCDM problems; Chandrawati et al. 

(2020) used F-WASPAS (that employs fuzzy 

numbers) for path selection,  Keshavarz-

Ghorabaee et al. (2020) employed a new 

decision-making approach based on 

fermatean fuzzy sets and WASPAS for green 

construction supplier evaluation, Ighravwe 

and Oke (2017) applied  a fuzzy grey-

weighted aggregate sum product assessment 

methodical approach for multi-criteria 

analysis of maintenance of performance 

systems, and Turskis et al. (2019) applied a 

fuzzy WASPAS-based approach to determine 

critical information infrastructure of EU 

sustainable development. To take care of 

uncertainities and vague information, Fuzzy 

WASPAS (F-WASPAS) was applied in 

several studies. For example, Chakraborty 

and Zavadskas (2014) applied, weighted 

aggregated sum product assessment 

(WASPAS) method tool in solving eight 

manufacturing decision-making problems, 

such as selection of cutting fluid, 

electroplating system, forging condition, arc 

welding process, industrial robots, milling 

conditions, machinability of materials, and 

electro-discharge micro-machining process 

parameters. The attempt observed that 

WASPAS method has the capability of 

accurately ranking the alternatives in all the 

considered selection problems as well as the 

effect of the parameter λ on the ranking 

performance of WASPAS method. 

In another development, Badalpur and 

Nurbakhsh (2019), used WASPAS method in 

evaluating the risks of a road construction 

project in Iran, in which the results showed 

inaccessibility/inappropriateness of barrow 

pits, loss of key manpower during the project 

life cycle; employing inexperienced 

subcontractors were of the most important 

risks among identified risks. Also, the authors 

suggested that WASPAS method is a suitable 

method with more accuracy among the 

MCDM techniques for evaluating risks in a 

real situation. A resilient-green supplier was 

chosen to build a supply chain environment 

with flexibility and greenness under 

interruption. Then, the integrated WASPAS 

and TOPSIS methods based on intuitionistic 

fuzzy numbers were applied to rank the 

alternatives to select the optimal resilient-

green supplier under the supply chain 

environment (Xiong et al. 2020). 

WASPAS method too was applied to 

assess different portable hard disk drive 

alternatives, according to the customer liking 
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concerning various attributes (Kumar et al. 

2020). The ranking result showed that 

Western Digital hard disk drive came out to 

be the first choice brand among the top three 

models with equal and objective weights. 

An Interval-Valued Intuitionistic Fuzzy 

WASPAS method is a constructive tool for 

decision-making in an uncertain environment 

(Mishra and Rani 2018). The method was 

applied to the uncertain decision-making 

problem of reservoir flood control 

management policy. The method computes 

the decisions on experts’ alternatives weights 

and criteria weights based on interval-valued 

intuitionistic fuzzy information measures to 

achieve more representative weights.  

Agro-processing includes processing, 

preservation and preparation of agricultural 

produce for intermediate and final 

consumption (Wilkinson and Rocha 2009), 

and Da Silva et al. (2009) added that agro-

processing is the conversion of raw food 

and/or agricultural materials in value-added 

products. 

Ikondo is one of the wards in Njombe 

Region, Tanzania. The ward is endowed with 

sufficient rains and heavy rainfall in some 

months of the rainy season. This makes it 

good for growing varieties of crops. It was 

learnt that most of these products or crops are 

sold raw. If processed, by-products of these 

crops could have been sold at some added 

values, more employment opportunities could 

be created and the household income would 

increase. As a result, small scale farmers 

would generate higher incomes which in turn 

would improve their livelihood. But 

processing every crop may prove to be 

difficult. Thus, a crop cutting across all the 

criteria was considered in the ward. 

Results of this study will assist policy-

makers to formulate guidelines/policies for 

agricultural activities at Ikondo Ward to 

improve quality crop production in the ward. 

Upon implementation of such policies, the 

household income is expected to increase, and 

hence improve the livelihood of families in 

the ward. More employment opportunities 

will also be created. The increase in 

production of a particular crop attracts 

investment in agro-processing industries like 

cooking oil refineries and cereal milling 

machines. To the best of knowledge, none of 

the above studies has been done to evaluate 

and prioritise crops for processing, 

particularly at Ikondo Ward using the fuzzy 

WASPAS method. Thus, the fuzzy WASPAS 

method was applied in the methodology. 

The rest of the paper is organized as follows: 

description and application of the fuzzy 

WASPAS method, Results and discussion and 

finally a conclusion is presented. 

 

The Fuzzy WASPAS Method 

Steps for the fuzzy WASPAS method 

Weighted Aggregated Sum Product 

Assessment (WASPAS) method is a special 

combination of two MCDM methods; the 

Weighted Sum Method (WSM) and the 

Weighted Product Method (WPM) 

(Chakraborty et al. 2015). Steps are suggested 

in applying the WASPAS method. Ignoring 

some steps carried out in the field, WASPAS 

method begins with a decision matrix. But to 

carry out a field project and apply the fuzzy 

WASPAS method, nine steps were suggested; 

Step 1: Formation of a decision-making 

committee: The committee 𝐷 =
{𝐷1, 𝐷2, ⋯ , 𝐷𝐾}  of 𝐾  decision-

makers who are experts in the area of 

interest is formed. 

Step 2: Identification of the evaluation criteria 

and the assessment alternatives: Set  

𝐶 = {𝐶1, 𝐶2, ⋯ , 𝐶𝑛}  of 𝑛  evaluation 

criteria is identified and the set 

𝐴 = {𝐴1, 𝐴2, ⋯ , 𝐴𝑚}  of 𝑚 

alternatives under the study is given. 

Step 3: Choices of appropriate linguistic 

variables to assign the importance 

weight of each criterion and 

linguistic variables for ratings of 

each alternative. 

Step 4: Aggregation of the importance 

weights and pooling together experts' 

ratings on alternatives: 

The importance weights assigned by the 

individual experts are aggregated for each 

criterion to get the aggregated fuzzy weight 

�̃�𝑗 for each 𝐶𝑗, 𝑗 = 1,2,⋯ , 𝑛. This is done as 

follows: 
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Suppose �̃�𝑗𝑙 = (𝑤𝑗𝑙1, 𝑤𝑗𝑙2, 𝑤𝑗𝑙3)  is the 

importance fuzzy weight assigned to criterion 

𝑗 by expert 𝑙; 𝑙 = 1,2,⋯ ,𝐾.  

Then, the aggregated fuzzy weight for 

criterion 𝑗 is �̃�𝑗 = (𝑤𝑗1, 𝑤𝑗2 , 𝑤𝑗3), where, 

{
 
 
 
 

 
 
 
 𝑤𝑗1 =

1

𝐾
∑𝑤𝑗𝑙1

𝐾

𝑙=1

𝑤𝑗2 =
1

𝐾
∑𝑤𝑗𝑙2

𝐾

𝑙=1

𝑤𝑗3 =
1

𝐾
∑𝑤𝑗𝑙3

𝐾

𝑙=1

 (1) 

for each 𝐶𝑗. Thus, for all criteria, 

�̃� = [�̃�1, �̃�2, ⋯ , �̃�𝑛]
𝑇 (2) 

There are several other means of obtaining 

fuzzy importance weights of criteria. Two of 

them are fuzzy AHP method and the linear 

weight method (Tesic et al. 2018). 

Similarly, the decision-makers (experts) 

ratings are pooled together to come up with 

the aggregated fuzzy rating 𝒙𝑖𝑗  for each 

alternative 𝐴𝑖 , 𝑖 = 1,2,⋯ ,𝑚 for each criterion 

𝐶𝑗. 

Let 𝒙𝑖𝑗𝑙 = (𝑥𝑖𝑗𝑙1, 𝑥𝑖𝑗𝑙2, 𝑥𝑖𝑗𝑙3) be a fuzzy rating 

by decision-maker 𝑙  on a criterion 𝐶𝑗  for 

alternative 𝐴𝑖 , 𝑖 = 1,2,⋯ ,𝑚. 

Then, 𝒙𝑖𝑗 = (𝑥𝑖𝑗1, 𝑥𝑖𝑗2, 𝑥𝑖𝑗3) is the aggregated 

fuzzy rating of alternative 𝐴𝑖  on criterion 𝐶𝑗 , 

where, 

{
 
 
 
 

 
 
 
 𝑥𝑖𝑗1 =

1

𝐾
∑𝑥𝑖𝑗𝑙1

𝐾

𝑙=1

𝑥𝑖𝑗2 =
1

𝐾
∑𝑥𝑖𝑗𝑙2

𝐾

𝑙=1

𝑥𝑖𝑗3 =
1

𝐾
∑𝑥𝑖𝑗𝑙3

𝐾

𝑙=1

  (3)  

for each 𝐶𝑗 on each 𝐴𝑖.  

NB.: This aggregation procedure of the 

importance fuzzy weights and the fuzzy 

ratings is not the only approach, there are 

other approaches too. It is slightly different 

for trapezoidal fuzzy numbers. 

Step 5: Construction of fuzzy decision matrix 

and normalised fuzzy decision matrix: 

All 𝒙𝑖𝑗 s in step 4 above are collected and 

systematically are written in matrix form such 

that 

�̃� = [

𝒙11 𝒙12 … 𝒙1𝑛
𝒙21 𝒙22 … 𝒙2𝑛
⋮

𝒙𝑚1

⋮
𝒙𝑚2

⋱
…

⋮
𝒙𝑚𝑛

] (4) 

This is the fuzzy decision matrix. Columns 

are along with criteria, while rows are along 

with alternatives. 

The matrix above is normalised so that 

 Each entry of the normalised 

triangular fuzzy numbers belongs to 

[0,1], and 

 The linear scale transformation 

makes criteria scales into 

comparable quantities. 

The normalised fuzzy decision matrix is an 

𝑚 × 𝑛 matrix given by 

�̃� = [

�̃�11 �̃�12 … �̃�1𝑛
�̃�21 �̃�22 … �̃�2𝑛
⋮
�̃�𝑚1

⋮
�̃�𝑚2

⋱
…

⋮
�̃�𝑚𝑛

] (5) 

If 𝐶𝑗 is a benefit criterion then, 

�̃�𝑖𝑗 = (
𝑥𝑖𝑗1

𝑐𝑗
∗ ,
𝑥𝑖𝑗2

𝑐𝑗
∗ ,
𝑥𝑖𝑗3

𝑐𝑗
∗ )  (6) 

If 𝐶𝑗 is a cost criterion then 

�̃�𝑖𝑗 = (
𝑎𝑗
−

𝑥𝑖𝑗3
,
𝑎𝑗
−

𝑥𝑖𝑗2
,
𝑎𝑗
−

𝑥𝑖𝑗1
) (7) 

where, 

𝑐𝑗
∗ = 𝑚𝑎𝑥𝑖{𝑥𝑖𝑗3}, 𝑗 is a benefit criterion. 

𝑎𝑗
− = 𝑚𝑖𝑛𝑖{𝑥𝑖𝑗1} , 𝑗  is a non-benefit (cost) 

criterion. 

Step 6: Construction of Weighted Normalised 

Fuzzy Decision Matrix: 

The importance weight of each criterion in 

Equation (2) is now considered. The weighted 

normalised decision matrix �̃� is in two forms; 

one with entries in the form of WSM and the 

other one in WPM. 

Thus 

�̃�𝑊𝑆𝑀 = [

�̃�11 �̃�12 … �̃�1𝑛
�̃�21 �̃�22 … �̃�2𝑛
⋮

�̃�𝑚1

⋮
�̃�𝑚2

⋱
…

⋮
�̃�𝑚𝑛

] (8) 

and 
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�̃�𝑊𝑃𝑀 = [

�̃�11 �̃�12 … �̃�1𝑛
�̃�21 �̃�22 … �̃�2𝑛
⋮

�̃�𝑚1

⋮
�̃�𝑚2

⋱
…

⋮
�̃�𝑚𝑛

] (9) 

�̃�𝑖𝑗 = �̃�𝑖𝑗(⋅)�̃�𝑗       for WSM (10) 

   

�̃�𝑖𝑗 = �̃�𝑖𝑗
�̃�𝑗            for WPM       

(11) 

Step 7: Determination of the joint criterion of 

optimality function: 

These are values of the optimality function. 

By Chakraborty et al. (2015), there are two 

optimality functions; one is based on WSM 

�̃�𝑖 = (𝑞1𝑖 , 𝑞2𝑖 , 𝑞3𝑖) and the other one based on 

WPM �̃�𝑖 = (𝑝1𝑖 , 𝑝2𝑖 , 𝑝3𝑖) . Each is the total 

relative importance of 𝑖𝑡ℎ alternative. 

Thus, 

�̃�𝑖 = ∑ �̃�𝑖𝑗
𝑛
𝑗=1 , 𝑖 = 1,⋯ ,𝑚  for WSM (12) 

and 

�̃�𝑖 = ∑ �̃�𝑖𝑗
𝑛
𝑗=1 , 𝑖 = 1,⋯ ,𝑚  for WPM (13) 

The fuzzy values of the joint optimality 

function �̃�𝑖  and �̃�𝑖  were defuzzified by the 

centre of area method to obtain the crisp 

values 𝑄𝑖  and 𝑃𝑖  for each alternative. 

𝑄𝑖 =
1

3
(𝑞1𝑖 + 𝑞2𝑖 + 𝑞3𝑖) (14) 

𝑃𝑖 =
1

3
(𝑝1𝑖 + 𝑝2𝑖 + 𝑝3𝑖) (15) 

Step 8: Determination of integrated (general) 

utility function value: 

The integrated utility function value 𝐾𝑖 of the 

WASPAS method for each alternative 

(Turskis et al. 2015) which is also known as 

generalised total relative importance of the 𝑖𝑡ℎ 

alternative (Chakraborty et al. 2015) was 

determined as follows: 

𝐾𝑖 = 𝜆𝑄𝑖 + (1 − 𝜆)𝑃𝑖 (16) 

For 0 ≤ 𝜆 ≤ 1 and 

𝜆 (∑𝑄𝑖

𝑚

𝑖=1

+∑𝑃𝑖

𝑚

𝑖=1

) =∑𝑃𝑖

𝑚

𝑖=1

 (17) 

It can be observed that when 𝜆 = 0 , 

WASPAS becomes WPM, and when 𝜆 = 1, 

WASPAS is reduced to WSM. 

Step 9: Ranking the alternatives. 

The ranking is done based on 𝐾 values. The 

higher value of 𝐾 implies a higher rank. 

 

Fuzzy WASPAS in selecting crops for 

agro-processing at Ikondo Ward 

Data collection 

It was observed that, Ikondo Ward grows 

different varieties of crops. Due to the 

complexity of the mathematical models 

involved, only five most grown crops were 

considered. These were maize (𝐴1) , beans 

(𝐴2), tea leaves (𝐴3), sunflower seeds (𝐴4) 
and bananas (𝐴5). The crops are grown by the 

majority of the people in the ward. The 

regional officer responsible for agriculture 

and extension services facilitated the exercise 

of identifying the crops. Eight criteria related 

to crop production and the linguistic variables 

(for the rating of the crops) were prepared in 

advance. The chosen criteria were assumed to 

be the most important key factors for crop 

production to small scale farmers. But one 

may consider different criteria deemed useful 

for crop production leading to the promotion 

of agro-processing and carry out research on 

that. Linguistic variables for assigning the 

importance of each criterion were also 

prepared. As it was stated earlier, some eight 

useful criteria for the study were considered 

(Table 1). They were labelled as 𝐶𝑛  for 

𝑛 = 1,2,⋯ ,8. 

 

Three decision-makers who are also experts 

in the agricultural sector in Njombe Region 

participated and were asked to provide their 

preferences as to the importance of each 

criterion using the linguistic terms (variables) 

shown (Table 2). 

 

A criterion compared to itself or if two 

criteria were equally important were assigned 

(1,1,1) . If criterion 𝐶𝑖  is compared to a 

criterion 𝐶𝑗 , 𝑖 ≠ 𝑗 as (𝑎, 𝑏, 𝑐) then comparison 

of 𝐶𝑗 to 𝐶𝑖 is (𝑎, 𝑏, 𝑐)−1 = (
1

𝑐
,
1

𝑏
,
1

𝑎
). 

Also, the three experts were supposed to 

provide their preferences by rating the 

alternatives (crops) using the linguistic 

variables shown in Table 3. 
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Table 1: Criteria for the study 

Label Criteria Explanation (if any) 

𝐶1 Availability of farm inputs seeds/seedlings, fertilizers, pesticides 

𝐶2 Affordability of farm inputs seeds/seedlings, fertilizers, pesticides 

𝐶3 Farm management costs clearing/ploughing the land, planting/transplanting, 

weeding 

𝐶4 Availability of 

technical/technology and 

extension services 

means of farm preparation, assistance from 

agricultural extension officers 

𝐶5 Crop resistance to pests and 

diseases 

 

𝐶6 Crop adaptability to the 

prevailing conditions 

drought, weather changes 

𝐶7 The extent to which the crop is 

susceptible to rodents and stalk 

borers 

 

𝐶8 Yield, marketability and 

profitability of the crop 

 

 

Table 2: Linguistic variables for importance weight of criteria 

Linguistic 

variable 
NI SI MI I VI 

fuzzy number (0.1,0.1,0.3) (0.1,0.3,0.5) (0.3,0.5,0.7) (0.5,0.7,0.9) (0.7,0.9,0.9) 
Key: NI  ≡ Not Important; SI  ≡ Slightly Important; MI  ≡ Moderately Important; I  ≡
 Important; VI ≡ Very Important. 

 

Table 3: Linguistic variables for rating alternatives against criteria 

Linguistic variable VP P MG G VG 

Fuzzy number (1,1,3) (1,3,5) (3,5,7) (5,7,9) (7,9,9) 
Key: VP ≡ Very Poor; P ≡ Poor; MG ≡ Medium Good; G ≡ Good; VI  ≡ Very good. 

 

Applying the fuzzy WASPAS method 

Determination of weights of criteria by 

fuzzy TOPSIS method 

Aggregation of the experts’ preferences on 

the importance weight of criteria: 

The importance weights assigned by the 

experts on each criterion in Table 4 were 

aggregated using triangular fuzzy numbers in 

Table 2 and Equation (1) to obtain the 

aggregated fuzzy weight �̃�𝑗  of criterion 𝐶𝑗 . 

The experts' ratings on each crop were also 

pooled together to get the aggregated fuzzy 

rating 𝒙𝑖𝑗 of crop 𝐴𝑖 under criterion 𝐶𝑗. 

 

Table 4: Assignment of the importance weight of criteria by experts 

Criteria 𝐷1 𝐷2 𝐷3 

𝐶1 𝑉𝐼 𝑉𝐼 𝑉𝐼 
𝐶2 𝐼 𝑀𝐼 𝐼 
𝐶3 𝑀𝐼 𝑉𝐼 𝐼 
𝐶4 𝑀𝐼 𝑉𝐼 𝐼 
𝐶5 𝐼 𝑉𝐼 𝐼 
𝐶6 𝑀𝐼 𝐼 𝑀𝐼 
𝐶7 𝐼 𝐼 𝐼 
𝐶8 𝐼 𝑉𝐼 𝐼 
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Consider Table 4 and Equation (1). For criterion 𝐶3  as an example, experts 𝐷1, 𝐷2, and 𝐷3 

assigned 𝑀𝐼, 𝑉𝐼, and 𝐼, respectively as their preferences for the criterion. By Table 2;  

𝑀𝐼 = (0.3,0.5,0.7),                 𝑉𝐼 = (0.7,0.9,0.9),                𝐼 = (0.5,0.7,0.9). 
Thus, �̃�3 = (𝑤31, 𝑤32, 𝑤33), 
where, 

𝑤31 =
1

3
(0.3 + 0.7 + 0.5) = 0.5 

𝑤32 =
1

3
(0.5 + 0.9 + 0.7) = 0.7 

𝑤33 =
1

3
(0.7 + 0.9 + 0.9) = 0.8333 

Hence; 

�̃�3 = (0.5,0.7,0.8333) 
 

In the same manner, importance weights for other criteria �̃�1, �̃�2, ⋯ , �̃�8 are computed. 

Therefore, 

𝑊 =

[
 
 
 
 
 
 
 
�̃�1

�̃�2

�̃�3

�̃�4

�̃�5

�̃�6

�̃�7

�̃�8]
 
 
 
 
 
 
 

  =    

[
 
 
 
 
 
 
 
 

(0.7,0.9,0.9)

(0.4333,0.6333,0.8333)
(0.5,0.7,0.8333)

(0.5,0.7,0.8333)

(0.5667,0.7667,0.9)

(0.3667,0.5667,0.7667)
(0.5,0.7,0.9)

(0.5667,0.7667,0.9) ]
 
 
 
 
 
 
 
 

 (18) 

 

Determination of decision matrix 

By Equation (3) and Table 3, the experts’ assessments in Table 5 were pooled together to come 

up with a decision matrix (Table 6). 

 

Table 5: Assessment of crops by experts: Ikondo Ward 

 𝐷𝑀 𝐶1 𝐶2 𝐶3 𝐶4 𝐶5 𝐶6 𝐶7 𝐶8 

Maize 𝐴1 

𝐷1 𝐺 𝑀𝐺 𝐺 𝐺 𝑀𝐺 𝐺 𝐺 𝐺 

𝐷2 𝑀𝐺 𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝐺 𝑀𝐺 

𝐷3 𝐺 𝐺 𝑀𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑉𝐺 

Beans 𝐴2 

𝐷1 𝐺 𝑀𝐺 𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝐺 

𝐷2 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 

𝐷3 𝐺 𝐺 𝑀𝐺 𝐺 𝑉𝐺 𝐺 𝑃 𝑉𝐺 

Tea leaves 

𝐴3 

𝐷1 𝐺 𝐺 𝑀𝐺 𝐺 𝐺 𝐺 𝑀𝐺 𝑀𝐺 

𝐷2 𝑀𝐺 𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝐺 𝑀𝐺 

𝐷3 𝐺 𝑉𝐺 𝐺 𝑀𝐺 𝑃 𝑀𝐺 𝑉𝑃 𝑉𝐺 

Sunflower 

seeds 𝐴4 

𝐷1 𝑀𝐺 𝑀𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 

𝐷2 𝑀𝐺 𝑀𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝐺 𝑀𝐺 

𝐷3 𝐺 𝑀𝐺 𝐺 𝑀𝐺 𝑉𝐺 𝐺 𝑉𝑃 𝑉𝐺 

Bananas 𝐴5 

𝐷1 𝐺 𝑀𝐺 𝑀𝐺 𝑀𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝐺 

𝐷2 𝑀𝐺 𝑀𝐺 𝐺 𝐺 𝑀𝐺 𝑀𝐺 𝐺 𝑀𝐺 

𝐷3 𝑀𝐺 𝑀𝐺 𝐺 𝐺 𝑉𝐺 𝐺 𝑃 𝑉𝐺 
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Table 6: The decision matrix for Ikondo Ward 

 

𝐴1 

𝐶1 𝐶2 𝐶3 

(4.3333,6.3333,8.3333)  (4.3333,6.3333,8.3333) (4.3333,6.3333,8.3333) 
𝐶4 𝐶5 𝐶6 

(4.3333,6.3333,8.3333) (3.0000,5.0000,7.0000) (3.6667,5.6667,7.6667) 
𝐶7 𝐶8  

(4.3333,6.3333,8.3333) (5.0000,7.0000,8.3333)  

 

𝐴2 

𝐶1 𝐶2 𝐶3 

(4.3333,6.3333,8.3333) (3.6667,5.6667,7.6667) (3.6667,5.6667,7.6667) 
𝐶4 𝐶5 𝐶6 

(4.3333,6.3333,8.3333)  (4.3333,6.3333,7.6667)  (3.6667,5.6667,7.6667) 
𝐶7 𝐶8  

(2.3333,4.3333,6.3333)  (5.0000,7.0000,8.3333)  

 

𝐴3 

𝐶1 𝐶2 𝐶3 

(4.3333,6.3333,8.3333) (5.6667,7.6667,9.0000)  (4.3333,6.3333,8.3333) 
𝐶4 𝐶5 𝐶6 

(3.6667,5.6667,7.6667) (3.0000,5.0000,7.0000)  (3.6667,5.6667,7.6667) 
𝐶7 𝐶8  

(3.0000,4.3333,6.3333)  (4.3333,6.3333,7.6667)  

𝐴4 

𝐶1 𝐶2 𝐶3 

(3.6667,5.6667,7.6667) (3.0000,5.0000,7.0000)  (5.0000,7.0000,9.0000) 
𝐶4 𝐶5 𝐶6 

(3.0000,5.0000,7.0000) (4.3333,6.3333,7.6667)  (3.6667,5.6667,7.6667) 

𝐶7 𝐶8  

(3.0000,4.3333,6.3333) (4.3333,6.3333,7.6667)  

 

𝐴5 

𝐶1 𝐶2 𝐶3 

(3.6667,5.6667,7.6667) (3.0000,5.0000,7.0000) (4.3333,6.3333,8.3333) 
𝐶4 𝐶5 𝐶6 

(4.3333,6.3333,8.3333) (5.0000,7.0000,8.3333) (3.6667,5.6667,7.6667) 
𝐶7 𝐶8  

(3.0000,5.0000,7.0000) (5.0000,7.0000,8.3333)  

 

Determination of the normalised decision 

matrix 

Using the decision matrix in Table 6, the 

fuzzy WASPAS requires normalisation of the 

decision matrix. By Equations (6) and (7), 

each column of criterion is normalised. Recall 

that all criteria in Table 1 are non-cost criteria 

except criterion 𝐶3. 

Hence the computed normalised decision 

matrix is in Table 7. 
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Table 7: The normalised decision matrix for Ikondo Ward 

𝐴1 𝐶1 𝐶2 𝐶3 

(0.5200,0.7600,1.0000) (0.4815,0.7037,0.9259) (0.4400,0.5790,0.8462) 
𝐶4 𝐶5 𝐶6 

(0.5200,0.7600,1.0000) (0.3600,0.6000,0.8400) (0.4783,0.7391,1.0000) 
𝐶7 𝐶8  

(0.5200,0.7600,1.0000) (0.6000 0.8400 1.0000)  

𝐴2 𝐶1 𝐶2 𝐶3 

(0.5200,0.7600,1.0000) (0.4074,0.6296,0.8519) (0.4783,0.6471,1.0000) 
𝐶4 𝐶5 𝐶6 

(0.5200,0.7600,1.0000) (0.5200,0.7600,0.9200) (0.4783,0.7391,1.0000) 
𝐶7 𝐶8  

(0.2800,0.5200,0.7600) (0.6000 0.8400 1.0000)  

𝐴3 𝐶1 𝐶2 𝐶3 

(0.5200,0.7600,1.0000) (0.6296,0.8519,1.0000) (0.4400,0.5790,0.8462) 
𝐶4 𝐶5 𝐶6 

(0.4400,0.6800,0.9200) (0.3600,0.6000,0.8400)  (0.4783,0.7391,1.0000) 
𝐶7 𝐶8  

(0.3600,0.5200,0.7600)  (0.5200 0.7600 0.9200)  

𝐴4 𝐶1 𝐶2 𝐶3 

(0.4400,0.6800,0.9200) (0.3333,0.5556,0.7778) (0.4074,0.5238,0.7333) 
𝐶4 𝐶5 𝐶6 

(0.3600,0.6000,0.8400) (0.5200,0.7600,0.9200) (0.4783,0.7391,1.0000) 
𝐶7 𝐶8  

(0.3600,0.5200,0.7600) (0.5200 0.7600 0.9200)  

𝐴5 𝐶1 𝐶2 𝐶3 

(0.4400,0.6800,0.9200) (0.3333,0.5556,0.7778) (0.4400,0.5790,0.8462) 
𝐶4 𝐶5 𝐶6 

(0.5200,0.7600,1.0000)  (0.6000,0.8400,1.0000)  (0.4783,0.7391,1.0000) 
𝐶7 𝐶8  

(0.3600,0.6000,0.8400)  (0.6000 0.8400 1.0000)  

 

Determination of the weighted normalised decision matrix for WSM 

By the Equation (10) and the fuzzy importance weights in Equation (18) each entry of the 

weighted decision matrix by the WSM is determined. 
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Table 8: The weighted normalised decision matrix for Ikondo Ward (for WSM) 

Maize 𝐴1 𝐶1 𝐶2 𝐶3 

(0.3640,0.6840,0.9000) (0.2086,0.4457,0.7716) (0.2200,0.4053,0.7052) 
𝐶4 𝐶5 𝐶6 

(0.2600,0.5320,0.8333) (0.2040,0.4600,0.7560) (0.1754,0.4188,0.7667) 
𝐶7 𝐶8  

(0.2600,0.5320,0.9000)  (0.3400,0.6440,0.9000)  

Beans 𝐴2 𝐶1 𝐶2 𝐶3 

(0.3640,0.6840,0.9000) (0.1765,0.3988,0.7099)  (0.2392,0.4530,0.8333) 
𝐶4 𝐶5 𝐶6 

(0.2600,0.5320,0.8333) (0.2947,0.5827,0.8280)  (0.1754,0.4188,0.7667) 
𝐶7 𝐶8  

(0.1400,0.3640,0.6840) (0.3400,0.6440,0.9000)  

Tea leaves 

𝐴3 

𝐶1 𝐶2 𝐶3 

(0.3640,0.6840,0.9000) (0.2728,0.5395,0.8333) (0.2200,0.4053,0.705

2) 

𝐶4 𝐶5 𝐶6 

(0.2200,0.4760,0.7667) (0.2040,0.4600,0.7560) (0.1754,0.4188,0.7667) 
𝐶7 𝐶8  

(0.1800,0.3640,0.6840)  (0.2947,0.5827,0.8280)  

Sunflower 

seeds 𝐴4 
𝐶1 𝐶2 𝐶3 

(0.3080,0.6120,0.8280) (0.1444,0.3519,0.6481) (0.2037,0.3667,0.611

1) 

𝐶4 𝐶5 𝐶6 

(0.1800,0.4200,0.7000) (0.2947,0.5827,0.8280) (0.1754,0.4188,0.7667) 
𝐶7 𝐶8  

(0.1800,0.3640,0.6840) (0.2947,0.5827,0.8280)  

Bananas 

𝐴5 

𝐶1 𝐶2 𝐶3 

(0.3080,0.6120,0.8280) (0.1444,0.3519,0.6481) (0.2200,0.4053,0.7052) 
𝐶4 𝐶5 𝐶6 

(0.2600,0.5320,0.8333) (0.3400,0.6440,0.9000) (0.1754,0.4188,0.7667) 
𝐶7 𝐶8  

(0.1800,0.4200,0.7560) (0.3400,0.6440,0.9000)  

 

Determination of the weighted 

normalised decision matrix for WPM 

By the Equation (11) and the fuzzy 

importance weights in Equation (18) each 

entry of the weighted decision matrix by the 

WPM is determined (Table 9). 
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Table 9: The weighted normalised decision matrix for Ikondo Ward (for WPM) 

𝐴1 𝐶1 𝐶2 𝐶3 

(0.6327, 0.7811, 1.0000) (0.7285, 0.8005, 0.9379)  (0.6633, 0.6821,0.8701)  
𝐶4 𝐶5 𝐶6 

(0.7211, 0.8252, 1.0000) (0.5605, 0.6760,0.8548) (0.7630, 0.8426,1.0000)  
𝐶7 𝐶8  

(0.7211, 0.8252, 1.0000)  (0.7487, 0.8749,1.0000)   

𝐴2 𝐶1 𝐶2 𝐶3 

(0.6327, 0.7811, 1.0000)  (0.6777, 0.7460,0.8749) (0.6916, 0.7374,1.0000)  
𝐶4 𝐶5 𝐶6 

(0.7211, 0.8252, 1.0000)  (0.6904, 0.8103,0.9277) (0.7630, 0.8426,1.0000)  
𝐶7 𝐶8  

(0.5292, 0.6327, 0.7811)  (0.7487, 0.8749,1.0000)   

𝐴3 𝐶1 𝐶2 𝐶3 

(0.6327, 0.7811, 1.0000) (0.8183, 0.9034,1.0000) (0.6633, 0.6821,0.8701) 
𝐶4 𝐶5 𝐶6 

(0.6633, 0.7634, 0.9329) (0.5605, 0.6760,0.8548) (0.7630, 0.8426,1.0000) 
𝐶7 𝐶8  

(0.6000, 0.6327, 0.7811) (0.6904, 0.8103,0.9277)  

𝐴4 𝐶1 𝐶2 𝐶3 

(0.5629, 0.7067, 
 0.9277)  

(0.6212, 0.6892, 
 0.8110) 

(0.6383, 0.6359, 
 0.7722)  

𝐶4 𝐶5 𝐶6 

(0.6000, 0.6994, 0.8648) (0.6904, 0.8103, 0.9277) (0.7630, 0.8426, 1.0000)  
𝐶7 𝐶8  

(0.6000, 0.6327, 0.7811)  (0.6904, 0.8103, 0.9277)  

𝐴5 𝐶1 𝐶2 𝐶3 

(0.5629, 0.7067, 0.9277) (0.6212, 0.6892, 0.8110) (0.6633, 0.6821, 0.8701) 
𝐶4 𝐶5 𝐶6 

(0.7211, 0.8252, 1.0000) (0.7487, 0.8749, 1.0000) (0.7630, 0.8426, 1.0000) 
𝐶7 𝐶8  

(0.6000, 0.6994, 0.8548) (0.7487, 0.8749, 1.0000)  

 

Determination of fuzzy values of optimality function for the ranks 

Applying Equations (12) and (13), the values of optimality function were determined (Table 

10). 

 

Table 10: Fuzzy values of the optimality function 

�̃�𝑖 𝐴1 𝐴2 𝐴3 

(2.0320, 4.1218,6.5328)  (1.9898, 4.0773,6.4552)  (1.9309, 3.9303, 6.2399) 
𝐴4 𝐴5  

(1.7809, 3.6988,5.8939) (1.9678, 4.0280, 6.3373)  

�̃�𝑖 𝐴1 𝐴2 𝐴3 

(0.0509, 0.1447, 0.6976) (0.0446, 0.1340, 0.6340)  (0.0404, 0.1073, 0.5028) 
𝐴4 𝐴5  

(0.0292, 0.0758, 0.3378)  (0.0429, 0.1237, 0.5596)  

 

The determined fuzzy values of �̃�𝑖  and �̃�𝑖  
were defuzzified by Equations (14) and (15), 

respectively to obtain the crisp values Qi and 

Pi. Concomitantly, the constant 𝜆  was also 

found using Equation (17). The 𝐾𝑖 values for 

ranking the alternatives were calculated by 

Equation (16). All are summarised in Table 

11. 



Tanz. J. Sci. Vol. 47(5) 2021 

1821 

Table 11: Defuzzified values of the optimality function 

 𝐴1 𝐴2 𝐴3 𝐴4 𝐴5 𝜆 

𝑄𝑖  4.2289 4.1741 4.0337 3.7912 4.1110 

0.0546 
𝑃𝑖  0.2977 0.2709 0.2168 0.1476 0.2421 

𝐾𝑖 0.5124 0.4841 0.4253 0.3466 0.4534 

Ranking 1 2 4 5 3 

 

Results and Discussion 

The fuzzy importance weights in Equation 

(18) can be defuzzified by the centre of area 

method into crisp values for easy 

comparisons. 

𝑤𝑗 =
1

3
(𝑤1𝑗 + 𝑤2𝑗 + 𝑤3𝑗)  for �̃�𝑗 =

(𝑤1𝑗 , 𝑤2𝑗 , 𝑤3𝑗) and 𝑗 = 1,⋯ , 𝑛 

Thus, all defuzzified crisp weights of fuzzy 

importance weights of the criteria are found 

in Table 12. 

 

Table 12: Defuzzified fuzzy importance weights 

Crisp 

Weights 

𝒘𝟏 𝒘𝟐 𝒘𝟑 𝒘𝟒 𝒘𝟓 𝒘𝟔 𝒘𝟕 𝒘𝟖 

0.8333 0.6333 0.6778 0.6778 0.7445 0.5667 0.7000 
0.74

45 

Rank 1 7 5.5 5.5 2.5 8 4 2.5 

 

Criterion 𝐶1 (availability of farm inputs) 

scored the highest in weight (Table 12). It 

means that farm inputs such as seeds, 

fertilizers and pesticides are available. By 

the same table, 𝐶5 (Crop resistance to pests 

and diseases) had the lowest weight. 𝐶2 

(Affordability of farm inputs) is the second 

from the lowest. This means, for reasons not 

known, there are difficulties in obtaining 

farm inputs. Other criteria are as they are 

symbolically seen in the table (Table 12) 

with their meaning found in Table 1. The 

ranking of crops (Table 11) and the order of 

crops (Table 8); maize ranks the highest (1), 

beans ranks second (2), tea leaves ranks 

third (3), in the fourth rank (4) are sunflower 

seeds, while in the fifth rank (5) are bananas 

according 𝐾𝑖 values (Figure 1). 

 
Figure 1: Comparison of 𝐾𝑖 values for ranking the alternatives at Ikondo Ward. 
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One may note that sunflower seeds are for 

cooking oil but ranked low at Ikondo Ward. 

Since currently there is a shortage of cooking 

oil in Tanzania, deliberate measures should be 

taken to raise the production of sunflower 

seeds. These may include the provision of 

free farm inputs like seeds, fertilizers and 

pesticides and technical as well as 

technological support. It can also be pointed 

out that maize and beans rank higher than any 

other crop since these are staple foods. 

Everybody should produce food. Seeds are 

commercially and locally available. In some 

areas, fertilizers or/and pesticides are not 

necessarily needed. It means that maize and 

beans can easily be produced in such areas. 

Maize was selected as crop number one for 

processing followed by beans. 

 

Conclusion 

To every action or option, there exist 

several alternatives. Individuals and 

organisations require some attributes for the 

choice or selection of a particular item, action 

or option. Several MCDM methods have been 

developed. In this paper, a step-by-step 

procedure has been taken to apply fuzzy 

WASPAS method in real-life decision 

making. A case study was used in applying 

the fuzzy WASPAS method. Weights of 

criteria were determined by fuzzy TOPSIS 

method. Fuzzy WASPAS successfully ranked 

the crops. Maize ranked the highest among 

the five crops (the alternatives) and therefore 

proposed to grow most for agro-processing.  

In future, either one may develop a fuzzy 

WASPAS method whereby weights of criteria 

are determined by other methods like the 

fuzzy AHP or use other newly developed 

methods including Priority Pointing 

Procedure (PPP). Also, other useful criteria in 

crop production may be considered to rank 

the same or different crops at the ward. 

Similarly, the study can be replicated to other 

crops and/or be extended in other 

geographical locations or regions. 
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