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Highlights: 

 The questionnaire was developed using semantic analysis.  
 The best ANN model were selected based on 4 main architectures. 
 The output of ANN model was classification of distrust, trust and overtrust. 
 SMEs trust was influenced by education, knowledge, familiarity, benefit, preference 

ranking and verbal components 
 The model could be used to assist policy makers in recommending appropriate 

technology 
 

Abstract. Trust is an important aspect for policy makers in recommending the 
implementation of Industry 4.0 in food and beverage small and medium-sized 
enterprises (SMEs). SMEs’ trust in the implementation of Industry 4.0 is defined 
as the  level of belief in applying appropriate technology for Industry 4.0 based on 
their knowledge, familiarity, agreement and preference. Trust is a complex 
construct involving several Kansei words, or human mentality parameters. 
Artificial neural network modeling was utilized to model SMEs’ trust in 
implementation of Industry 4.0. The research objectives were: 1) to analyze the 
trust of SMEs in the implementation of Industry 4.0 using Kansei Engineering; 2) 
to model the trust of SMEs in the implementation of Industry 4.0 using an artificial 
neural network (ANN). A questionnaire was developed using Kansei words that 
were generated from adjectives to represent human mentality parameters, which 
were stimulated by visual samples of Industry 4.0 technology. The questionnaires 
were distributed among 190 respondents from the three large islands of Indonesia. 
The data were recapitulated for training, validating and testing the ANN model 
based on the backpropagation supervised learning method. The best model 
architecture was eight input neurons, eight hidden neurons, and one output neuron 
(8-8-1) The output was classification of trust as ‘distrust’, ‘trust’ or ‘overtrust’. 
The research results indicated that the SMEs’ trust was influenced by education, 
knowledge, familiarity, benefit, preference ranking and verbal components. 
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1 Introduction 

Food and beverage SMEs (small and medium-sized enterprises) have significant 
potential growth, resources and domestic demand in Indonesia. More than 80% 
of human resources in the food and beverage industry are employed by SMEs [1]. 
The Ministry of Industry of Indonesia has launched the program Making 
Indonesia 4.0 as a strategy to develop national Industry 4.0 sovereignty through 
integrated information and communication technology [1]. Industry 4.0 in food 
and beverage SMEs was selected as a priority for Making Indonesia 4.0 [1].  
 
The implementation of Industry 4.0 is expected to have several positive impacts 
on SME development. The ‘smart learning factory’ is referred to as an essential 
example of Industry 4.0 for SMEs [2]. The utilization of information and 
communication technology is expected to have a positive impact on the 
competitiveness of SMEs [3]. Despite these benefits, food and beverage SMEs 
are vulnerable and not yet fully ready to accept Industry 4.0 [4]. Industry 4.0 has 
not yet gained sufficient trust of SME management due to the gap between 
financial constraints and creativity amenities [4]. The trust of SME management 
is defined as the level of belief among the owners or managers of SMEs to decide 
to implement the appropriate technology for Industry 4.0. Trust can be 
categorized as ‘trust’, ‘overtrust’ or ‘distrust’ [4]. ‘Trust’ occurs when there is 
risk management prior to the decision; ‘overtrust’ occurs when there is no risk 
management prior to the decision; ‘distrust’ occurs when there is doubt about the 
decision.  

Trust has been proposed as a Kansei parameter in the scope of innovation. Kansei 
is a Japanese word that refers to human mentality parameters. Trust can be 
influenced by several other Kansei parameters, such as knowledge, familiarity, 
agreement and preference [4,5]. Some Kansei parameters have been evaluated for 
food and beverage SMEs, such as workload [6], environmental ergonomics [7] 
and work incentives [8]. However, these parameters were utilized in the context 
of ergonomic workplace design. The function of the Kansei Engineering method 
is to quantify Kansei words as measurable parameters. Kansei Engineering has 
been used in industry due to its capability to analyze human mentality parameters 
in product areas [9,10], service areas [11,12], information technology [13], and 
system development [6-8]. Kansei Engineering is required to analyze trust in the 
implementation of Industry 4.0 due to the complexity of human mentality 
parameters.  
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Artificial intelligence has been used to model Kansei parameters based on 
taxonomist knowledge [14], worker behavior and motion [15], and postures [16]. 
Artificial neural network (ANN) is an artificial intelligence method that can be 
used to define complex systems of abstract parameters due to its capability of 
handling large feature sets and nonlinearity [17]. This is supported by various 
example applications of ANN for Kansei Engineering related to Kansei words 
[18], semantic labeling [17], technology adoption by SMEs [19] and the food 
industry [20]. Therefore, in this study ANN modeling was an appropriate method 
to model trust in the implementation of Industry 4.0.  Research on trust modeling 
related to Industry 4.0 has been conducted in different fields, such as the maritime 
industry [21]; agricultural systems (farmer training) [22]; food systems [23]; 
electronic commerce [24]; recommendations in social networks [25]; wireless 
sensor networks [26]; Internet of Things [27], and a rural support program [28]. 
However, none of these modelings concerned trust of food and beverage SMEs 
in the implementation of Industry 4.0.  

This paper proposes the modeling of trust in the implementation of Industry 4.0 
in food and beverage SMEs using Kansei Engineering and ANN. The research 
objectives were: 1) to analyze the trust of SMEs in the implementation of Industry 
4.0 using Kansei Engineering; 2) to model the trust of SMEs in the 
implementation of Industry 4.0 using an ANN. The resulting model can be used 
to assist policy makers in recommending the appropriate technology, start-up 
capital and financial incentives based on SME creativity. 

2 Theoretical Foundation: Conceptual Model 

Figure 1 depicts the conceptual model of SMEs’ trust in the implementation of 
Industry 4.0 using Kansei Engineering. The methodology of Kansei Engineering-
type II as Kansei Engineering system was selected due to its capability to model 
SMEs [6-8]. The conceptual model was adapted from Lee and See [5] and 
Ushada, et al. [4]. The model covers four scopes: 1) SME management; 2) 
Industry 4.0 technology; 3) Industry 4.0 implementation; and 4) local 
governments.  

The SME management scope concerns human mentality parameters, technology 
benefit, education level, and technology preference. These factors consider trust 
as a complex modeling problem that can be solved by using an ANN. The basic 
hypothesis of this model is that trust can be influenced by the mentality 
parameters knowledge, familiarity, and agreement level [10]. These mentality 
parameters stimulate the innovation capability based on technology benefits. The 
technology benefits, i.e. machinery and tools, e-commerce and promotion, and 
ergonomic work methods, can assist SMEs in creatively upgrading to Industry 
4.0. The Industry 4.0 technology scope concerns the decision whether to use 
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existing technology or an improved version. The Industry 4.0 implementation 
scope concerns technology application and evaluation to provide feedback to the 
management of SMEs. The local governments scope concerns the commitment 
of policy makers for financial support and capacity building. Higher trust of 
SMEs stimulates higher responsiveness to the recommendation of the 
government to upgrade to Industry 4.0 technology. 

 
Figure 1 A conceptual model of trust in implementation of Industry 4.0 in food 
and beverage SMEs (adapted from Lee & See [5] and Ushada, et al. [4]). 

3 Material and methods  

Figure 2 indicates the research method used for modeling SMEs’ trust. It consists 
of the following steps. 

3.1 Preliminary Interviews  

Preliminary interview were conducted with 21 managers of SMEs in the Special 
Region of Yogyakarta. The respondents were selected with convenience 
sampling based on their willingness to respond to the questionnaire. The 
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interview was structured to stimulate responding to the questionnaire. The twelve 
questions were generated by a focus group discussion as guidance for the 
interviews (See Table 1). Structured interviews were conducted, where the 
respondents were prompted with a list of questions and they could answer 
anything to the given questions. 

Table 1 List of interview questions. 

No Questions 
1 SME company profile 
2 Please explain the production process 
3 Please explain the technology/machinery in the production system 
4 Please explain if you apply hybrid manual and automatic technology  
5 Please explain your feelings about the existing technology fulfilling ergonomic 

requirements 
6 Please explain your plan to increase SME productivity by using technology 
7 Please explain your method for promotion and marketing 
8 Please explain your opinion on industrial revolutions 
9 Please explain your opinion on Industry 4.0 

10 Please explain your opinion on ICT application in SME production systems 
11 Please explain your opinion on automatization technologies and computerized 

production systems 
12 Please provide five keywords to represent your opinion on Industry 4.0 

3.2 Extraction of Kansei Words 

The interviews generated the list of Kansei words shown in Table 2, stimulated 
by visual samples of Industry 4.0 technology. The Kansei Engineering method 
was used to extract Kansei words from the interviews. The method uses a 
semantic analysis based on: 1) total repetition of words; 2) number of respondents 
who respond to similar words based on the twelve interview questions in Table 1 
related to implementation of Industry 4.0 in food and beverage SMEs. 

3.3 Development of Questionnaire 

The developed questionnaire consisted of attribute-based Kansei words and the 
preference for Industry 4.0. Kansei words were developed in the form of adjective 
as well as nouns; this is appropriate in the context of the development of a new 
product/technology [10]. 

3.3.1 Attribute-based Kansei words 

The list of Kansei words in Table 2 was extracted to get the list of user attributes 
in the questionnaire shown in Table 3. This is effective to extract the user 
response to a new technology [10]. The questionnaire was developed in Bahasa 
Indonesia and required five to ten minutes to answer. It was conducted in two 
versions: paper-based (offline) and Google form-based (online). 
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Figure 2 Research methods for modeling SMEs’ trust in the implementation of 
Industry 4.0. 
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Table 2 Repetition of words in interviews. 

Kansei Words Total Repetition Number of Respondents 
No 19 3 

Enough 4 2 
Benefit 3 1 
Not yet 8 4 

Abandoned 2 1 
Human 8 2 

Productions 56 13 
Not 35 8 

Market 2 1 
Marketing 6 2 

Entrepreneurship  5 1 
Technology 51 12 

Nice 12 4 
Nothing 2 1 
Difficult 2 1 

Easy 2 1 
Not interested 3 1 

Interested 4 1 
Industry 3 1 

Automation 4 2 
Work 9 3 
Dream 2 1 

Already 8 2 
Tools 4 1 

Effective 2 1 
Efficient 2 1 

Labor  13 4 
Computer 2 1 
Have been 2 1 

Good 3 1 
Expensive 4 1 
Advantage 2 1 

Industrial revolution 6 1 
Comfort 2 1 
SMEs 3 1 

Demand 2 1 
Data 2 1 

Modern 2 1 
Work 9 3 

3.3.2 Technology Preference for Industry 4.0 

Technology preference refers to the types of Industry 4.0 technology that are 
recommended [29]. Technology ranking is the best possible way to identify the 
preferences of respondents related to new products and technologies [10]. Three 
categories of technology preferences were generated from the interviews. These 
were ranked by the respondents from 1st to 3rd choice. 

1. Ergonomic work methods 
Ergonomic work methods refers to ergonomic sensor technology. The latest 
development related to ergonomic sensors in SME production systems is the 
Kansei Engineering-based sensor for agroindustry [30].  
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Table 3 List of questions for questionnaire. 

Code Questions 
A Informed consent and pre-knowledge explanation 
B Demographic Data 
1 Business scope 
2 SME’s location 
3 Educational background of SME’s manager 
C Knowledge and Background Information 
1 Do you know about ergonomic work methods, machinery and tools, e-commerce and promotion? 
2 Are you familiar with the use of handphones/laptops/computers in workstations? 
3 Do you agree that Industry 4.0 could support better performance of SMEs? 
D Ranking of Recommendations for Industry 4.0 
1 Ergonomic work methods 
2 Machinery and tools 
3 E-commerce and promotion 
E Benefit of Industry 4.0 
1 Ergonomic work methods 
2 Modern machinery and tools 
3 E-commerce and promotion 
F Preference for Industry 4.0 
1 Work method 
A Efficient 
B Effective 
C Simple 
D Realistic 
E Adaptive 
F Tutorial 
G Readiness 
2 Machinery & Tools 
A Efficient 
B Effective 
C Modern 
D Economical 
E Automatic 
F Quality 
G Realistic 
H Adaptive 
I Tutorial 
J Readiness 
K Appropriate version 
3 E-commerce and promotion 
A Modern 
B Simple 
C Economical 
D Quality 
E Adaptive 
F Tutorial 
G Readiness 
H Attractive 
I Appropriate version 
G Trust 
1 Do you have trust in Industry 4.0 compared to existing technology? 
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2. Machinery and tools 
Technology in the form of machinery and tools provides advantages for food 
and beverage SMEs. This includes modern mechanization as the basic 
technology for agricultural industry in Indonesia [31]. 

3. E-commerce and promotion 
E-commerce is online technology that assists SMEs in trading their products, 
while promotion is used for marketing their products regionally, nationally 
and internationally. It also provides feedback for product design and 
development [13].  

3.4 Calibration of Questionnaire 

The questionnaire was calibrated prior to data acquisition in order to minimize 
the bias of the respondents when responding to the questionnaire. The 
questionnaire was calibrated internally with 11 researchers from the project team. 
The researchers were two technicians and nine students who supported the 
research activities. The calibration process stimulated the researchers to find 
biases towards questionnaire attributes when they acted as SME respondents. 

3.5 Validity and Reliability Test for Questionnaire 

The questionnaire attributes were validated to confirm whether they could 
achieve the research objective. Data were confirmed as valid if the counted 
correlation coefficient Rcount > Rtable, the correlation coefficient of Pearson’s table. 
Subsequently, the questionnaire attributes were tested for reliability to confirm 
sustainable application. Cronbach’s alpha was utilized to test the reliability. Data 
were confirmed as reliable based on the minimum value of correlation coefficient 
Rcount. Validity and reliability tests were applied to the questionnaire attributes 
using SPSS.  

3.6 Descriptive Statistical Analysis 

Descriptive statistical analysis was conducted to process the questionnaire results. 
The statistical analysis was conducted in terms of mean, mode and standard 
deviation. 

3.7 Data Set for ANN 

An artificial neural network was used to model the trust of SMEs in 
implementation of Industry 4.0. An ANN was used for its capability to model 
multiple Kansei parameters such as trust. As can be seen from Table 3, trust is 
influenced by several of the factors described in the list of questions in the 
questionnaire. The questionnaire could contain derivative bias in the interview 
questions (Table 1) and the Kansei words (Table 2). The ANN used a feed-
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forward architecture and supervised backpropagation learning. The ANN 
software was developed using Macro-based Microsoft Visual Basic Application 
for Microsoft Excel [32]. The training, validation and verification data were 
acquired from 190 respondents representing the three large islands of Indonesia. 
The data set of the questionnaire was recapitulated for use as the input and output 
of the ANN model. 

3.7.1 Input of ANN Model 

The input data of the ANN model consisted of education level, knowledge, 
familiarity, benefit of ergonomic work methods, and benefit of machinery and 
tools, benefit of e-commerce and promotion, preference ranking, and stated 
verbal trust. The input data were acquired from the questionnaire using a 1 to 5 
Likert scale.  

3.7.2 Output of ANN Model 

The output of the ANN model was classification as ‘distrust’, ‘trust’ or 
‘overtrust’. The attribute of trust in the questionnaire was converted using the 
formula of the trust index. The formula indicates that the stated trust responses 
influenced the predicted trust in the questionnaire and the mentality constraint 
factors as follows:  

 Tp= (Ts × MCf) (1) 

Tp = Predicted trust 
Ts = Stated trust in the questionnaire 
MCf = Mentality constraint factors 

The mentality parameters were defined as follows: 

 𝑀𝐶௙ =
∑ (

ಳ೐శಳ೘శಳ೎
೙

)೙
೙సయ

∑ (
಼శಷశಲ)

೘
೘
೘సయ

 (2) 

MCf = Mentality parameters 
Be  = Benefit of ergonomic technology (1 to 5 Likert scale) 
Bm = Benefit of machinery technology (1 to 5 Likert scale) 
Bc = Benefit of e-commerce technology (1 to 5 Likert scale) 
K = Knowledge level of respondent (1 to 5 Likert scale) 
F = Familiarity level of respondent (1 to 5 Likert scale) 
A = Agreement level of respondent (1 to 5 Likert scale)  
n = Number of benefits 
m = Number of levesl 

Finally, the error of trust (Et) was defined as the deviation between the stated trust 
and the predicted trust as follows: 
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 Et = (Ts-Tp) (3) 

Individual trust was categorized as ‘distrust’ when Et < 0 
Individual trust was categorized as ‘trust’ when 0 < Et < 1 
Individual trust was categorized as ‘overtrust’ when Et > 0 

3.8 Respondents for ANN Data Training and Validation 

One hundred and sixty managers of food and beverage SMEs participated in the 
research. Eighty respondents came from the Special Region of Yogyakarta, while 
the remaining 80 respondents came from Medan and surrounding areas, Northern 
Sumatra  and surrounding provinces. The data acquisition was conducted offline 
in Yogyakarta, where the experimenters visited each SME. It was conducted by 
online in Medan and surrounding areas. 

3.9 Respondents for ANN Data Testing 

Thirty respondents were selected from Timor Tengah Utara district, Eastern Nusa 
Tenggara province for ANN data testing. The questionnaire acquisition was 
conducted in a focus group discussion (FGD). The same questionnaire was used 
in Yogyakarta and Medan for the purpose of data testing. The FGD was a local 
art workshop. The area of Timor Tengah Utara was selected because it is a 
frontier area and outermost region, unlike Yogyakarta and Medan. Also, the 
respondents were categorized as SMEs fostered by the local government. This 
circumstantial differentiation made the respondent sample suitable for ANN’s 
data testing. Having different segments was appropriate for testing the 
performance of the ANN [20]. 

4 Results 

Table 4 shows the results of the validity and reliability tests of the questionnaire 
attributes. The statistical test indicated that 34 attributes were valid and reliable. 
These attributes were validated using Pearson’s correlation. Subsequently, the 
reliability was tested using Cronbach’s alpha. Data were valid if the counted 
correlation coefficient Rcount > Rtable, the correlation coefficient from Pearson’s 
table. Rtable = 0.2199 and a correlation was significant at the 0.05 level (two-
tailed). An attribute was categorized as reliable if the counted correlation 
coefficient Rcount > Rtable. The Rcount values for knowledge and background 
information, the benefit of Industry 4.0, preference for ergonomic work methods, 
machinery and tools, e-commerce and promotion, and trust were 0.520, 0.707, 
0.786, 0.796, 0.820 and 0.908, respectively. The questionnaire attributes were 
analyzed using a descriptive statistical analysis of which the results are shown in 
Table 5.  
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Table 4 Validity and reliability test. 

Num Questions 
Validity Reliability 

Status 
Rcount Rcount 

A Knowledge and Background Information    

A1 
Do you know about ergonomic work 

methods, machinery and tools, e-commerce 
and promotion? 

0.578 0.520 Valid & Reliable 

A2 
Are you familiar with 

handphones/laptops/computers in 
workstations? 

0.828 0.520 Valid & Reliable 

A3 
Do you agree that Industry 4.0 could 
support better performance of SMEs? 

0.734 0.520 Valid & Reliable 

B Benefit of Industry 4.0    
B1 Ergonomic work methods 0.759 0.707 Valid & Reliable 
B2 Modern machinery and tools 0.772 0.707 Valid & Reliable 
B3 E-commerce and promotion 0.848 0.707 Valid & Reliable 
C Preference for Industry 4.0    

C1 Ergonomic work method    
C11 Efficient 0.637 0.786 Valid & Reliable 
C12 Effective 0.638 0.786 Valid & Reliable 
C13 Simple 0.614 0.786 Valid & Reliable 
C14 Realistic 0.682 0.786 Valid & Reliable 
C15 Adaptive 0.637 0.786 Valid & Reliable 
C16 Tutorial 0.700 0.786 Valid & Reliable 
C17 Readiness 0.738 0.786 Valid & Reliable 
C2 Machinery & Tools    
C21 Efficient 0.630 0.796 Valid & Reliable 
C22 Effective 0.630 0.796 Valid & Reliable 
C23 Modern 0.526 0.796 Valid & Reliable 
C24 Economical 0.465 0.796 Valid & Reliable 
C25 Automatic 0.544 0.796 Valid & Reliable 
C26 Quality 0.580 0.796 Valid & Reliable 
C27 Realistic 0.491 0.796 Valid & Reliable 
C28 Adaptive 0.580 0.796 Valid & Reliable 
C29 Tutorial 0.588 0.796 Valid & Reliable 

C210 Readiness 0.681 0.796 Valid & Reliable 
C211 Appropriate version 0.656 0.796 Valid & Reliable 
C3 E-commerce and promotion    
C31 Modern 0.599 0.820 Valid & Reliable 
C32 Simple 0.555 0.820 Valid & Reliable 
C33 Economical 0.561 0.820 Valid & Reliable 
C34 Quality 0.749 0.820 Valid & Reliable 
C35 Adaptive 0.520 0.820 Valid & Reliable 
C36 Tutorial 0.601 0.820 Valid & Reliable 
C37 Readiness 0.713 0.820 Valid & Reliable 
C38 Attractive 0.696 0.820 Valid & Reliable 
C39 Appropriate version 0.784 0.820 Valid & Reliable 
D Trust*    

D1 
Do you have trust in Industry 4.0 compared 

to existing technology? 
0.437 0.908 Valid & Reliable 
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Table 5 Descriptive statistical analytic. 

Questions 
Mode Percentage Average 

Yogyakarta Medan Yogyakarta Medan  Yogyakarta Medan 

A1 4 4 61.25 32.93 3.83 ± 0.85 3.27 ± 1.02 
A2 2 4 38.75 36.59 3.08 ± 1.31 3.78 ± 1.05 
A3 3 5 56.25 48.78 3.95 ± 0.86 4.46 ± 0.60 
B1 4 4 58.75 56.10 4.09 ± 0.77 4.36 ± 0.56 
B2 5 5 50 69.51 4.35 ± 0.76 4.65 ± 0.60 
B3 5 5 57.5 75.61 4.40 ± 0.88 4.73 ± 0.53 
C11 5 5 45 62.20 4.34 ± 0.67 4.56 ± 0.66 
C12 4 5 47.5 51.22 4.25 ± 0.68 4.40 ± 0.74 
C13 4 5 48.75 35.37 4.15 ± 0.84 4.18 ± 0.80 
C14 4 3 46.25 42.68 3.91 ± 0.92 3.68 ± 0.80 
C15 4 3 47.5 40.24 3.69 ± 0.84 3.64 ± 0.82 
C16 4 4 53.75 43.90 3.80 ± 0.92 3.88 ± 0.91 
C17 4 5 50 28.05 4.04 ± 0.85 4.45 ± 0.71 
C21 5 5 51.25 70.73 4.39 ± 0.74 4.64 ± 0.64 
C22 5 5 51.25 62.20 4.43 ± 0.65 4.53 ± 0.72 
C23 5 5 41.25 45.12 4.10 ± 0.94 4.26 ± 0.87 
C24 5 5 68.75 62.20 4.60 ± 0.65 4.53 ± 0.72 
C25 4 4 46.25 41.46 3.96 ± 0.88 4.10 ± 0.89 
C26 5 5 71.25 70.73 4.66 ± 0.57 4.67 ± 0.60 
C27 4 4 41.25 45.12 3.61 ± 0.77 3.82 ± 0.79 
C28 3 4 41.25 43.90 3.70 ± 0.82 3.76 ± 0.84 
C29 3 5 36.25 41.46 3.51 ± 0.95 4.17 ± 0.86 

C210 4 5 40 45.12 3.84 ± 0.89 4.24 ± 0.84 
C211 5 5 53.75 78.05 4.38 ± 0.80 4.74 ± 0.57 
C31 5 5 53.75 80.49 4.30 ± 0.89 4.77 ± 0.58 
C32 4 5 43.75 60.98 3.91 ± 0.93 4.42 ± 0.92 
C33 5 5 58.75 65.85 4.53 ± 0.64 4.62 ± 0.65 
C34 5 5 61.25 71.95 4.49 ± 0.76 4.68 ± 0.61 
C35 4 4 42.5 50.00 3.65 ± 0.78 3.86 ± 0.73 
C36 4 5 47.5 40.24 3.93 ± 0.88 4.19 ± 0.85 
C37 4 5 47.5 53.66 3.95 ± 0.90 4.47 ± 0.66 
C38 5 5 72.5 81.71 4.56 ± 0.82 4.79 ± 0.54 
C39 5 5 43.75 52.44 4.21 ± 0.88 4.31 ± 0.87 
D1 4 4 53.75 68.29 4.84 ± 0.75 5.00 ± 0.55 

The selected attributes for three forms of recommendation technology are given 
in Table 6. Figure 3(a) and (b) summarize the comparison of the trust and 
agreement levels in Yogyakarta and Medan based on mode, percentage, and 
average values. 
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Table 6 Selected attributes for recommendation of industry 4.0. 

Priority Industry 4.0 Attribute 
1 Machinery and Tools  
  Efficient 
  Effective 
  Modern 
  Economical 
  Automatic 
  Quality 
  Realistic 
  Appropriate version 

2 E-commerce and promotion  
  Modern 
  Economical 
  Quality 
  Adaptive 
  Attractive 
  Appropriate version 

3 Ergonomic work methods  
  Efficient 
  Tutorial 

                                  
  

(a) (b) 
Figure 3 Comparison between Yogyakarta and Medan: (a) trust; (b) agreement. 
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financial support [4]. Table 6 shows the attributes selected for Industry 4.0. When 
an attribute was preferred by respondents from both Yogyakarta and Medan we 
call it a collective preference. For machinery and tools, eight out of eleven 
attributes were collective preferences. For e-commerce and promotion, six out of 
nine attributes were collective preferences. For ergonomic work methods, only 
two out of seven attributes were collective preferences.  

4.2 SMEs’ Trust 

Figure 3(a) shows that there was no significant trust difference between 
Yogyakarta, representing the island of Java, and Medan, representing the island 
of Sumatra. Both segments had high collective trust in Industry 4.0. The trust 
result was supported by the comparison of agreement in Figure 3(b). Both 
respondent groups had high agreement with the statement that implementation of 
Industry 4.0 can increase the added value in the scopes of machinery and tools, 
e-commerce and promotion, and ergonomic work methods. However Figure 3(a) 
and 3(b) show that the respondents from Medan had a higher level of trust and 
agreement than those from Yogyakarta. This was affected by the higher values of 
A1 (knowledge) and A2 (familiarity). Table 5 shows a higher level of knowledge 
and familiarity in Medan and surrounding areas compared to the Special Region 
of Yogyakarta. 

4.3 Building the ANN Model 

The data of sub-system measurement were recapitulated into a set containing 190 
data. The 190 data were collected from three respondent segments: 1) 80 
respondents from SMEs in Medan and surrounding areas, Sumatra island; 2) 80 
respondents from the Special Region of Yogyakarta, Java island; 3) 30 
respondents from the Timor Tengah Utara district, Nusa Tenggara island. The 
segments of Medan and Yogyakarta were used for training and validation, while 
the segment of Timor Tengah Utara was used for testing. The training process 
was conducted in two steps. Table 1 shows the sensitivity analysis results of the 
ANN model based on the output error determined on a trial-and-error basis. Based 
on the minimum root mean square error (RMSE) of training and validation, the 
optimum neurons in the hidden layer were selected. 

4.4 First Training 

In the first step, we used the respondent data from Yogyakarta and Medan. The 
numbers of training and validation data were 145 and 15 respectively. The 
individual trust was modeled using the ANN model. Four architectures of the 
ANN were evaluated to test the sensitivity of the trust model, as shown in Table 
7. The four best architectures were selected based on trial and error with the 
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parameters in terms of RMSE and coefficient of determination R2 between the 
measured and the predicted value.  

Table 7 The four best ANN based on training and validation. 

Model 
Architecture 

(Input-Hidden-
Output) 

Iteration 
Training Validation 

R2 
RMSE RMSE 

1 5-3-1 20000 0.13 0.11 0.83 
2 6-4-1 10000 0.1 0.076 0.85 
3 7-3-1 20000 0.1 0.078 0.88 
4 8-4-1 10000 0.058 0.049 0.95 

4.5 Testing the ANN Model 

The four best models were validated using the data of the respondent segment 
from Timor Tengah Utara. The purpose was to test the capability of the model in 
responding to different data [7]. In the second step, the thirty data of the 
respondents from Timor Tengah Utara were added accordingly. The numbers of 
training and validation data were 170 and 20 respectively. Based on Table 2, the 
best ANN architecture was selected. The behavior of the ANN was evaluated 
using a comparison of the structure of the ANN. The comparison indicated that 
the data from Nusa Tenggara were appropriate to test the structure of the ANN 
for different SME segments compared to respondents from Yogyakarta and 
Medan. For example, in the same structure of eight inputs, the 8-4-1 structure 
changed to 8-8-1 when R2 was reduced from 0.95 to 0.85, increasing the error 
from 0.049 to 0.088. This indicated that by adding thirty data from a different 
segment, the number of hidden layers increased from four to eight, which means 
more capability of ANN was required.  

Table 8 Selected four best models using ANN . 

Models 
Architecture 

(Input-Hidden-Output) 
Iteration 

Training Validation 
R2 

RMSE RMSE 
1 5-2-1 20000 0.16 0.14 0.78 
2 6-3-1 20000 0.15 0.13 0.76 
3 7-3-1 20000 0.096 0.16 0.63 
4 8-8-1 10000 0.067 0.088 0.85 

4.6 Best Model Selection 

The research results indicated that the best ANN structure was 8-8-1. The selected 
inputs of ANN were education level, knowledge, familiarity, benefit of 
ergonomic work methods, benefit of machinery and tools, benefit of e-commerce 
and promotion, preference ranking, and stated verbal trust. The output was 
classification of trust in the implementation of Industry 4.0 as distrust, trust or 



 Modeling SMEs’ Trust in the Implementation of Industry 4.0  
 

243 

overtrust. The tested ANN model successfully classified SMEs trust in Industry 
4.0 using the backpropagation supervised learning method. 

4.7 Possible Application of Trust Model 

The trust model was used as an additional feature for the Kansei Engineering-
based Sensor for Agro-industry (KESAN) as parameterization system for 
collective trust [33]. The trust model can be used by local governments to 
formulate the precise recommendations for implementation of Industry 4.0 
among SME clusters. The government assistance could be focused on clusters 
instead of single SMEs. For instance, if a local government grants a machinery 
upgrade then the SME cluster could share the utilization of the machinery by 
appropriate scheduling among single SMEs. This kind of assistance could be 
effective for the implementation of Industry 4.0 in food and beverage SMEs [34].   

5 Conclusion 

The research results indicated that SMEs’ trust in Industry 4.0 was successfully 
modeled by using Kansei Engineering and an artificial neural network (ANN). 
Kansei Engineering was used to extract Kansei words using the semantic methods 
of word repetition and number of respondents who responded with similar words. 
Trust could be modeled using ANN based on the backpropagation supervised 
learning method. The best model architecture was eight input neurons, eight 
hidden neurons and one output neuron (8-8-1). The output was classification of 
trust in the implementation of Industry 4.0 as distrust, trust or overtrust. The 
training, validation and testing data showed satisfying performance of the ANN 
with minimum error rate. The ANN model had similar R2 values between the 
training and validation data. The modeling indicated that the classification of trust 
in the implementation of Industry 4.0 in food and beverage SMEs is influenced 
by education level, knowledge, familiarity, benefit of ergonomic work methods, 
machinery and tools, e-commerce and promotion, preference ranking, and stated 
verbal trust. The model can be used to assist policy makers in recommending 
appropriate technology for food and beverage SMEs. 
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