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Abstract

Purpose: This research aims to identify and examine the relationship between the barriers to implementing Quality

4.0 in the Yazd tile and ceramic sectot.

Methodology: A systematic review methodology was employed to identify and categorize barriers, while the
combined Fuzzy DEMATEL-ANP (FDANP) method was utilized in the quantitative phase to illustrate the

relationship patterns among these barriers and their prioritization.

Findings: The qualitative analysis revealed 18 batriers across four categories. The Quantitative findings indicated
that "High Cost of Implementation and lack of transparency in Return on Investment" emerged as the most causal
batrier, while "failure to consider Quality 4.0 as a strategic issue and source of competitive advantage" was identified
as the most consequential barrier to implementing Quality 4.0 in the Yazd tile and ceramic industry. Also, the key
obstacles to the implementation of Quality 4.0 in the Yazd ceramic and tile industry include the lack of quantitative
metrics for assessing the impact of Industry 4.0 on quality, the failure to consider Quality 4.0 as a strategic issue and
a source of competitive advantage, the absence of advanced training programs for personnel, insufficient financial

resources for implementing Quality 4.0, and the lack of stakeholder involvement in Quality 4.0 initiatives and projects.

Originality/Value: This study employs a hybrid Fuzzy DANP approach to support managers and decision-makers
in strategizing for overcoming obstacles to the adoption of Quality 4.0. It achieves this by identifying barriers,
determining the interrelationships among them, and prioritizing them.
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Figure 1- Quality 4.0 [4].

! Total Quality Management (TQM)
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Table 1- Studies on the barriers of implementing quality 4.0.
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Table 3- Barriers of implementing quality 4.0.
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Table 4- Fuzzy normal matrix (direct relationship intensity).

18

17 .. 2

1

&lgo

(0.045,0.06,0.06) __ (0.045,0.06,0.06) . (0.015, 0.03, 0.045) (0,0, 0) 1
(0.045,0.06,0.06)  (0.045,0.06,0.06) ... (0,0, 0) (0, 0.015, 0.03) 2
(0.015, 0.03, 0.045) (0,0.015,0.03) ... (0.015,0.03,0.045)  (0.015, 0.03, 0.045) 3
(0.015,0.03,0.045)  (0.015,0.03,0.045) ... (0.027,0.042, 0.057)  (0.013, 0.028, 0.043) 4
(0.03,0.045,0.06)  (0.03,0.045,0.06) .. (0, 0.015, 0.03) (0, 0.015, 0.03) 5
(0.015,0.03,0.045)  (0.009, 0.024, 0.039) .. (0.015,0.03,0.045)  (0.015, 0.03, 0.045) 6
(0.021,0.036,0.048)  (0.03,0.045,0.06) .. (0.03, 0.045, 0.06) (0, 0.015, 0.03) 7
(0.015,0.03,0.045)  (0.03,0.045,0.06) . (0.03,0.045,0.06)  (0.03, 0.045, 0.06) 8
(0.045,0.06,0.06)  (0.045,0.06,0.06) .. (0,0.015,0.03)  (0.015, 0.03, 0.045) 9
(0,0.01,0.025)  (0.045,0.06,0.06) ... (0.03,0.045,0.06)  (0.03,0.045,0.06) 10
(0.03,0.045,0.06)  (0.015,0.03,0.045) . (0.045,0.06,0.06)  (0.015,0.03,0.045) 11
(0.03,0.045,0.06)  (0.015,0.03,0.045) . (0.015, 0.03, 0.045) (0,0.015,003) 12
(0.03,0.045,0.06)  (0.03,0.045,0.06) .. (0.03,0.045,0.06)  (0.03,0.045,0.06) 13
(0,0.015,0.03)  (0.04,0.055,0.06) ... (0.015,0.03,0.045)  (0.004, 0.019,0.034) 14
(0.01,0.021,0.036) (0.031, 0.046,0.051) .. (0.024,0.039, 0.049)  (0.013,0.028,0.039) 15
(0.045,0.06,0.06) (0.021, 0.036,0.051) ... (0.03,0.045,0.06)  (0.03,0.045,0.06) 16
(0.019, 0.034, 0.049) (0,0,00 .. (0.013,0.028,0.039)  (0.015,0.03,0.045) 17
(0,0,0)  (0.015,0.03,0.045) .. (0.015, 0.03, 0.045) (0,0.015,0.03) 18
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Table 5- Fuzzy T matrix.

18 7 o 2 1 mlge
(0.064,0.128, 0.251)  (0.067, 0.134, 0.26) . (0.033, 0.095, 0.235) _ (0.012, 0.053, 0.169) 1
(0.061,0.121, 0.239)  (0.063, 0.126, 0.248) . (0.016,0.06,0.18)  (0.011, 0.063, 0.188) 2
(0.02,0.06,0.168)  (0.006, 0.049, 0.16) . (0.02,0.059, 0.167)  (0.018, 0.052, 0.151) 3
(0.028,0.081,0.205)  (0.03,0.086,0.213) .. (0.039, 0.089, 0.214)  (0.022, 0.067, 0.182) 4
(0.04,0.09,0.219)  (0.042, 0.095,0.228) .. (0.011,0.06,0.19)  (0.007, 0.051, 0.171) 5
(0.019, 0.052, 0.148)  (0.013, 0.047, 0.146) .. (0.018,0.05,0.146)  (0.017, 0.046, 0.133) 6
(0.033, 0.086, 0.219) (0.044,0.1,0.24) . (0.041,0.091, 0.229)  (0.008, 0.054, 0.181) 7
(0.029,0.081,0.213)  (0.045,0.1,0.234) .. (0.042,0.092, 0.225)  (0.037, 0.082, 0.204) 8
(0.057,0.109,0.219)  (0.057,0.113,0.227) .. (0.011, 0.063, 0.189)  (0.022, 0.067, 0.184) 9
(0.013,0.054, 0.171)  (0.057,0.105,0.211) .. (0.04,0.084,0.202) (0.037,0.076,0.184) 10
(0.043,0.098, 0.229)  (0.031, 0.088,0.223) . (0.055, 0.107, 0.226)  (0.022,0.069,0.191) 11
(0.043,0.096, 0.227)  (0.031,0.088, 0.221) . (0.027,0.079, 0.211)  (0.008,0.055,0.177) 12
(0.044,0.098, 0.228)  (0.044, 0.102, 0.236) .. (0.042,0.094,0.225)  (0.037,0.083,0.204) 13
(0.003,0.04,0.14)  (0.044,0.082,0.173) .. (0.018,0.053,0.152)  (0.007,0.038,0.129) 14
(0.015,0.045, 0.142)  (0.036, 0.073, 0.161) ... (0.027,0.06,0.152)  (0.015, 0.045, 0.13) 15
(0.056,0.103, 0.209) ~ (0.035, 0.086, 0.208) . (0.039, 0.085, 0.206)  (0.035,0.076,0.188) 16
(0.025,0.063, 0.163)  (0.005, 0.032, 0.122) .. (0.017,0.053, 0.151)  (0.017, 0.05, 0.143) 17
(0.005,0.32,0.126)  (0.02,0.064,0.175) . (0.019,0.058, 0.167)  (0.003,0.038,0.139) 18
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Table 6- Calculations of D and R.
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Figure 2- Causal and consequential barriers to the implementation of quality 4.0 in the Yazd tile and ceramic industry.
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Figure 3- The relationships between the barriers to implementing quality 4.0 in the Yazd tile and ceramics industry.
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Table 7- Defuzzified matrix.

18 17 16 15 14 .. 5 4 3 2 1
0.148 0.154 0.127 0.142 0.134 ... 0.125 0.128 0.137 0.121 0.078 1
0.141 0.146 0.129 0.144 0.136 .... 0.110 0.131 0.107 0.085 0.087 2
0.082 0.072 0.076 0.079 0.081 ... 0.057 0.093 0.050 0.082 0.074 3
0.105 0.110 0.083 0.132 0.102 ... 0.087 0.069 0.120 0.114 0.091 4
0.116 0.122 0.094 0.119 0.114 ... 0.057 0.081 0.080 0.087 0.076 5
0.073 0.068 0.062 0.059 0.047 ... 0.040 0.068 0.054 0.071 0.065 6
0.113 0.128 0.114 0.126 0.119 ... 0.104 0.103 0.104 0.120 0.081 7
0.107 0.126 0.112 0.133 0.118 ... 0.066 0.086 0.099 0.120 0.108 8
0.128 0.132 0.119 0.119 0.101 ... 0.101 0.096 0.096 0.088 0.091 9
0.079 0.124 0.113 0.108 0.096 ... 0.057 0.104 0.102 0.108 0.099 10
0.123 0.114 0.099 0.135 0.129 ... 0.091 0.102 0.113 0.129 0.094 11
0.122 0.114 0.099 0.125 0.128 ... 0.104 0.124 0.114 0.106 0.080 12
0.124 0.127 0.100 0.135 0.092 ... 0.091 0.087 0.099 0.120 0.108 13
0.061 0.100 0.047 0.074 0.045 ... 0.052 0.072 0.065 0.074 0.058 14
0.068 0.090 0.046 0.047 0.070 ... 0.060 0.085 0.056 0.080 0.063 15
0.123 0.110 0.062 0.117 0.117 ... 0.070 0.093 0.105 0.110 0.100 16
0.083 0.053 0.071 0.066 0.063 ... 0.068 0.050 0.063 0.074 0.070 17
0.054 0.086 0.077 0.071 0.081 ... 0.057 0.073 0.068 0.081 0.060 18
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Table 8- Weighted supermatrix.

18 17 16 15 14 ... 5 4 3 2 1
0.066 0.065 0.066 0.075 0.068 ... 0.043 0.050 0.059 0.041 0.033 1
0.054 0.055 0.063 0.053 0.060 ... 0.050 0.062 0.066 0.040 0.052 2
0.059 0.044 0.055 0.080 0.066 ... 0.046 0.066 0.040 0.050 0.059 3
0.046 0.060 0.042 0.056 0.048 ... 0.046 0.038 0.074 0.061 0.055 4
0.052 0.045 0.058 0.044 0.060 ... 0.032 0.048 0.046 0.051 0.054 5
0.058 0.061 0.066 0.041 0.054 ... 0.057 0.062 0.052 0.062 0.060 6
0.052 0.058 0.043 0.051 0.050 ... 0.053 0.043 0.049 0.048 0.057 7
0.060 0.057 0.060 0.042 0.050 ... 0.059 0.063 0.041 0.054 0.052 8
0.052 0.048 0.044 0.050 0.059 ... 0.052 0.060 0.042 0.054 0.056 9
0.046 0.039 0.040 0.040 0.039 ... 0.058 0.054 0.062 0.046 0.055 10
0.050 0.051 0.047 0.065 0.051 ... 0.057 0.061 0.061 0.052 0.054 11
0.060 0.060 0.042 0.042 0.041 ... 0.066 0.052 0.049 0.060 0.058 12
0.065 0.055 0.070 0.066 0.041 ... 0.060 0.051 0.048 0.059 0.053 13
0.057 0.058 0.069 0.044 0.068 ... 0.065 0.056 0.065 0.064 0.058 14
0.062 0.062 0.037 0.043 0.044 ... 0.068 0.072 0.064 0.067 0.061 15
0.070 0.047 0.065 0.085 0.092 ... 0.054 0.045 0.061 0.060 0.055 16
0.044 0.073 0.073 0.063 0.056 ... 0.069 0.060 0.058 0.068 0.066 17
0.066 0.065 0.066 0.075 0.068 ... 0.066 0.057 0.066 0.065 0.063 18
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Table 9- Ranking of barriers based on fuzzy DANP.
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