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Abstract 
 

Delphi method is a technique and structured approach used to review and collect opinions of a group of experts, 

however, has its own weaknesses. The Fuzzy Delphi Method (FDM), derived from a modifications of Delphi 

method, considered by many researches as more superior in providing evidence of human linguistic (which is 

the signature of Delphi Technique). In this paper, Fuzzy Delphi Method was used to assess the content of 

communication skills among engineering graduates. This development phase is a part of a project to develop 

an engineering employability skill framework in Malaysia. The paper presented the result of the experts’ view 

and the appropriateness of Fuzzy Delphi Method as an important tool to provide information about the validity 

of communication skills content. Experts’ perceptions have shown incongruity with respect to speak and 

understand more than one language among engineers. The experts agreed with engineering graduates might 

be give a clear direction, listen and ask question in their employability skills proficiency. This phase involves 

the view of 10 experts who are experienced and have deep knowledge in engineering. It is a rigorous statistical 

analysis to validate the validity of abstract concept of the communication skills. 
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Introduction 

 

The Fuzzy Delphi method was proposed by Murray, T., Pipino, L., & Vangigch, J. (1985) with the idea of 

combining the traditional Delphi method and Fuzzy Set theory. The standard Delphi method developed by 

Dalkey and Helmer (1963) was the most relied upon methodology used to find answers within a set of 

questionnaires (Lin & Hwang, 1987; Reza & Vassilis, 1988). This method was based on the use of linguistic 

terms. However, because of the potential for misunderstandings between the meanings of the answers taken 

from the questionnaires and the interpretation of these answers by experts, in many situations, this approach 

resulted in uncertainty and was not properly able to reflect quantitative terms. Experts attempted to address 

this ‘fuzziness’ in terms of understanding the outputs of the Delphi method using the Fuzzy Set theory (Ansari 

et al., 2019). The Fuzzy Set theory is an approach that can resemble human reasoning in its use of approximate 

information and uncertainty to generate decisions. It was specifically designed to mathematically represent 
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uncertainty and vagueness and provide formalized tools for dealing with the imprecision intrinsic to many 

problems (Zadeh et al., 1996; Ung et al., 2006; Bozbura et al., 2007). In this analysis, the efficiency of 

interpreting questionnaire results could be much improved through objective evaluation of the factors that the 

Fuzzy Set theory proposes. To improve the weaknesses associated with theories, Murray, T., Pipino, L., & 

Vangigch, J. (1985) proposed to integrate them. However, it was Ishikawa et al. (1993) who combined 

specialists’ opinions with fuzzy numbers based on the concepts of cumulative frequency distribution and the 

fuzzy integral. This process is called the Fuzzy Delphi method (FDM). The main steps of FDM include the 

following: 1) Fuzzification; 2) Fuzzy evaluation; 3) Triangular fuzzy numbers; and 4) Defuzzification. To date, 

FDM has been extensively used in diverse fields of studies, including urban planning, regional road safety, 

urban road safety, service industries, and health, among others (Yusoff et al., 2021). 

 

The purpose of this study was to examine the level of consensus among 10 Malaysian experts in the field of 
engineering regarding the communication skills among engineering graduates, specifically in the Malaysian 
context using the Fuzzy Delphi Method. The following was the research question: What do experts believe are 
the potential of communication skills in the context of engineering graduates?  
 

Literature Review 

 

Fuzzy Delphi Method is a combination between Delphi classic method and fuzzy set theory. The method was 

introduced by Lotfi Zadeh in 1965, an expert in mathematics (Zadeh, 1965). The Fuzzy set theory mechanism 

act as a leeway of the classic set theory in which each element in a set is evaluated based on the binary set of 

“Yes” or “No”. According to Bodjanova (2005) the values for numbering fuzzy are between 0 to 1 or if in the 

unit interval of (0, 1). It has been proven in previous literature review that FDM has been used as a method in 

various areas, as in engineering, education and many other professional fields.  In addressing this issue, an 

introduction of communication skills is pivotal. Communication is a strategic  sill  that  exclusively  considers  

purpose,  content  and  context  of  communication  to  effectively deliver information in working field (Cook et 

al., 2002; Lappalainen, 2010; Rau et al., 2014). These skills can be categorized into five: a) speak, b) give 

direction, c) listen and ask question, d) ideas and e) understanding skills (Cook et al.,  2002;  McMurrey,  2002;  

Brinkman & van der Geest, 2003; Reaves et al.,  2005; Lappalainen, 2010;  Rau et al.,  2014).  Findings  of  

previous  studies  have appointed  its  importance  in  preparing  students  for  real  communication  in  industry  

(Reaves et al.,  2005; Lappalainen,  2010;  Rau et al., 2014). 

 

 

Methodology 

 

The purpose of this study is to validate the content of communication skills among engineering graduates using 

Fuzzy Delphi Method (FDM) via experts’ feedback. Ten experts who are experienced and have deep knowledge 

in engineering involved in this study. Fuzzy Delphi Method Procedure was selected to validate the content of 

the communication skills among engineering graduates. Fuzzy Delphi Method (FDM) is used to identify, 

evaluate and confirming all the key components and contents of the communication skills according to three 

terms of the experts’ agreement which are threshold (d) value, percentage of expert agreement and the value 

of Fuzzy Score (A). Data analysis uses average of fuzzy numbers (defuzzification process). In this analysis is 

aimed to get the score of fuzzy score (A) to ensure the third condition is observed, the value of the fuzzy score 

(A) must be greater than or equal to the median value (α - cut value) of 0.5 (Bodjanova, 1997; Bodjanova, 2006; 

Tang & Wu, 2010;). This indicates that the element is accepted by an expert agreement. Among other functions, 

the value of fuzzy scores (A) can be used as a determinant and priority of an element according to expert 

opinion views.  
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Approach to FDM 

 

After the questionnaires were administered, the third phase of the study was the application of the FDM. Based 

on the questions asked in the questionnaires, the main criteria and their ranking of importance were selected 

by 10 professionals in different fields of studies, such as executive, civil engineers, businessman, and technical 

& vocational.  

 

Step 1: The first fuzzy system was designed to understand communication skill quality among engineering 

graduates, the second one was to understand the engineering student’s quality, and the third one was to 

understand if there was a real need for engineering programme restructuring. 

 

Table 1: Communication Skills Assessment Threshold Value 

 

Based on Table 1, there is one threshold value highlighted in red that is passed over the threshold cut-off value 

of 0.2 (> 0.2) and four threshold value is below than 0.2. If the average value of threshold (d) is less than 0.2, 

the item has reached a good expert agreement (Chang et al., 2000; Chang, Hsu and Chang, 2011; Kharuddin et 

al., 2019). 

 

Fuzzification  

 

The aim of the fuzzification step is to determine the mapping degree of crisp inputs to fuzzy sets using 

membership functions. In the communication skills Fuzzy system, five inputs were used, namely: 1) Speak in 

clear Sentences; 2) Give clear direction; 3) Listen and ask question; 4) Ideas presented with confident and 

effective; and 5) Speak and understand more than one language. These input yielded one output: 

communication skills assessment. The level of agreement for the communication skill among engineering 

graduates were highly important, important, somewhat important, least important and not important at all. 

The levels of the expert consensus on communication skills were very optimistic, neutral and very pessimistic. 

 

Step 2: Calculate the fuzzy average AṼGALL and re-examine (if necessary for each dataset which represent 

consensus adjustment obtained as 

 

AṼGALL = 

[
 
 
 
 
0.700
0.720
0.720
0.660
0.540]

 
 
 
 

 

 

Step 3: Measure the level of confidence results using alpha (α)-cuts concept via three linguistic variables as 

defined in Table 3 and employ by Equation (2) as shown in Table 4. 

 

Sub-skill Threshold Value 

(d) 

CS1 :  Communication skills : [Speak in clear Sentences] 0.183 

CS2 :  Communication skills : [Give clear direction ] 0.147 

CS3 :  Communication skills : [Listen and ask question] 0.147 

CS4 :  Communication skills : [Ideas presented with confident and effective] 0.214 

CS5 :  Communication skills : [Speak and understand more than one language] 0.189 
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Table 3: Threshold Value (d), Percentage of Expert Consensus (%) And Fuzzy Score (A) for Communication 

Skill 

 

 
 

While this percentage of the overall agreement is at a value of 90% of the agreement above 75% means meeting 

the terms of the expert agreement on this item. The highest value of defuzzication evaluation is 0.720 and the 

lowest is 0.540. In addition, all Alpha-Cut defuzzication (average of fuzzy response) exceeds α-cut ≥ 0.5. 

According to Mamat et al., (2018) and Hashim et al., (2020) the cut-off value should exceed 0.5. If the value is 

less than 0.5, the item should be dropped. This show the subjects of subjective norms have good experts’ 

agreement on item assessment. The items agreed by the expert consensus are arranged according to the 

ranking as shown in Table 4. 

 

Step 4: Defuzzify average fuzzy set using Equation (3), and apply adjustment the results (if necessary).  

 

Table 4: The crisp values for four levels of confidence and the ranking 

 

Level of 

confidence 

Very 

Pessimistic 

(VP) 

Neutral 

(N) 

Very 

optimistic 

(VO) 

Ranking 

CS5 0.340 0.540 0.740  

 CS4 0.460 0.660 0.860 
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CS3 0.520 0.720 0.920 CS2 = CS3 > CS1 >  

CS4 > CS5 CS2 0.520 0.720 0.920 

CS1 0.500 0.700 0.900 

Notes: ‘>’ means is ‘superior to’, ‘=’ means is ‘equivalent to’ 

 

Step 5: Ranking process by descending order. As we can see that, from Table 4 (see last column) issue CS2 (Give 

clear direction) are preferred and the last choice is the fifth issue (CS5 – Speak and understand more than one 

language) in terms of their consent on engineering students’ communication skill. This ranking result is 

consistent at every level of confidence that it was imposed. 

 

 

 

 

 

Table 5: Result of experts’ consensus using Fuzzy Delphi Method (FDM) for Communication Skills (CS) 

 
 

Based on table 5, the Fuzzy Delphi analysis identified that a significant number of experts had strongly negative 

consent about communication skills among engineering graduate. Experts’ perceptions have shown 

incongruity with respect to speak and understand more than one language (lowest defuzzification score of 

0.34). They also held contradictory opinions on the ideas presented with confident and effective in the 

Malaysian context (0.46 points). This stipulates a mismatch between the rhetoric of integrating communication 

skills into the field and the reality of its implementation. This is parallel to the Zaini and Mansor (2010) study 

findings that Malaysian engineering graduates still need to improve their communication skills, although they 

were mainly aware of the potential of employability preserve. The experts agreed with engineering graduates 

might be give a clear direction, listen and ask question in their employability skills needed (highest 

defuzzification score of 0.52). They also acknowledged speak in clear sentences as an element of 

communication skills needed for engineering graduates (Kharuddin et al., 2018). The positive views collected 

are in line with a study by Antheunis et al. (2013), where the key barrier in communication skills among most 

engineer practitioners was its effectiveness. 
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Discussion 

 

The purpose of this study was to examine the extent of experts’ consensus on the communication skills among 

engineering graduates. There are 5 communication skills which carried out employability skills elements in the 

engineering framework. Researcher has selected five sub-skills (CS1 – CS5) to show the result of experts’ 

consensus in communication skills among engineering graduates. In order to strengthen each element in the 

main component to meet its requirements in the context of the study, the process of assessing and validating 

of the communication skills among engineering graduates, the agreement of experts was analysed by Fuzzy 

Delphi Method (FDM). The use of FDM approach in this phase is to evaluate and validate the developed 

elements. It is clearly shown the significant level of agreement requirements for each element in the 

employability skills framework. Therefore, the most significant contribution to the methodology involves in 

this study is the use of the Fuzzy Delphi (FDM) approach in developing a employability skills framework based 

on the views of a group of experts comprising of practitioners, management personnel in engineering and 

industrial representatives. As a result of the used of FDM, the findings show that there is an acceptable expert’s 

agreement on the content of the communication skills among engineering graduates focusing on speak in clear 

sentences, give clear direction, listen and ask question. 

 

Theoretical and Contextual Contribution 

This research comprises a selection of variables from an engineering employability skill framework in Malaysia 

on theoretical advances and applications of fuzzy logic computing. These variable name communication skills 

were selected from over 14 competency skills and constitute an important contribution to the theory and 

applications of fuzzy logic methodologies. Fuzzy Delphi computing consists of several computing paradigms, 

including fuzzy logic, neural networks, genetic algorithms, and other techniques, which can be used to produce 

powerful intelligent systems for solving real-world problems. Applications range from pattern recognition to 

intelligent control and sow the advantages of using fuzzy delphi computing theory and methods. This paper 

also makes a contribution to this goal. 
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